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American College of Radiology 
ACR Appropriateness Criteria® 

Neuroendocrine Imaging 

Variant 1: Adult. Suspected or known hypofunctioning pituitary gland (hypopituitarism, growth 
hormone deficiency, growth deceleration, panhypopituitarism, hypogonadotropic 
hypogonadism). Initial imaging. 

Procedure Appropriateness Category Relative Radiation Level 

MRI sella without and with IV contrast Usually Appropriate O 

MRI sella without IV contrast Usually Appropriate O 

CT sella with IV contrast May Be Appropriate ☢☢☢ 

MRI sella with IV contrast May Be Appropriate O 

CT sella without IV contrast Usually Not Appropriate ☢☢☢ 

CTA head with IV contrast Usually Not Appropriate ☢☢☢ 

MRA head without IV contrast Usually Not Appropriate O 

MRA head with IV contrast Usually Not Appropriate O 

MRA head without and with IV contrast Usually Not Appropriate O 

CT sella without and with IV contrast Usually Not Appropriate ☢☢☢ 

Radiography sella Usually Not Appropriate ☢ 

Venous sampling petrosal sinus Usually Not Appropriate Varies 

Variant 2: Adult. Suspected or known hyperfunctioning pituitary adenoma (hyperthyroidism [high 
thyroid-stimulating hormone], Cushing syndrome [high adrenal corticotrophic hormone], 
hyperprolactinemia, acromegaly, or gigantism). Initial imaging.  

Procedure Appropriateness Category Relative Radiation Level 

MRI sella without and with IV contrast Usually Appropriate O 

MRI sella without IV contrast Usually Appropriate O 

CT sella with IV contrast May Be Appropriate ☢☢☢ 

CT sella without IV contrast May Be Appropriate ☢☢☢ 

MRI sella with IV contrast May Be Appropriate O 

CTA head with IV contrast Usually Not Appropriate ☢☢☢ 

MRA head with IV contrast Usually Not Appropriate O 

MRA head without IV contrast Usually Not Appropriate O 

Venous sampling petrosal sinus Usually Not Appropriate Varies 

CT sella without and with contrast Usually Not Appropriate ☢☢☢ 

MRA head without and with IV contrast Usually Not Appropriate O 

Radiography sella Usually Not Appropriate ☢ 
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Variant 3: Adult. Diabetes insipidus. Initial imaging. 

Procedure Appropriateness Category Relative Radiation Level 

MRI sella without and with IV contrast Usually Appropriate O 

MRI sella without IV contrast Usually Appropriate O 

CT sella with IV contrast May Be Appropriate ☢☢☢ 

CT sella without IV contrast May Be Appropriate ☢☢☢ 

MRI sella with IV contrast May Be Appropriate O 

CTA head with IV contrast Usually Not Appropriate ☢☢☢ 

CT sella without and with IV contrast Usually Not Appropriate ☢☢☢ 

MRA head with IV contrast Usually Not Appropriate O 

MRA head without and with IV contrast Usually Not Appropriate O 

MRA head without IV contrast Usually Not Appropriate O 

Radiography sella Usually Not Appropriate ☢ 

Venous sampling petrosal sinus Usually Not Appropriate Varies 

Variant 4: Adult. Pituitary apoplexy. Initial imaging. 

Procedure Appropriateness Category Relative Radiation Level 

MRI sella without and with IV contrast Usually Appropriate O 

MRI sella without IV contrast Usually Appropriate O 

CT sella without IV contrast May Be Appropriate (Disagreement) ☢☢☢ 

CT sella with IV contrast May Be Appropriate ☢☢☢ 

MRI sella with IV contrast May Be Appropriate O 

CTA head with IV contrast Usually Not Appropriate ☢☢☢ 

CT sella without and with IV contrast Usually Not Appropriate ☢☢☢ 

MRA head with IV contrast Usually Not Appropriate O 

MRA head without and with IV contrast Usually Not Appropriate O 

MRA head without IV contrast Usually Not Appropriate O 

Radiography sella Usually Not Appropriate ☢ 

Venous sampling petrosal sinus Usually Not Appropriate Varies 
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Variant 5: Adult. Surveillance postpituitary or sellar mass resection. 

Procedure Appropriateness Category Relative Radiation Level 

MRI sella without and with IV contrast Usually Appropriate O 

MRI sella without IV contrast Usually Appropriate O 

CT sella with IV contrast May Be Appropriate ☢☢☢ 

CT sella without IV contrast May Be Appropriate ☢☢☢ 

MRI sella with IV contrast May Be Appropriate O 

CTA head with IV contrast Usually Not Appropriate ☢☢☢ 

CT sella without and with IV contrast Usually Not Appropriate ☢☢☢ 

MRA head with IV contrast Usually Not Appropriate O 

MRA head without IV contrast Usually Not Appropriate O 

MRA head without and with IV contrast Usually Not Appropriate O 

Radiography sella Usually Not Appropriate ☢ 

Venous sampling petrosal sinus Usually Not Appropriate Varies 

Variant 6: Child, males younger than 9 years of age; females younger than 8 years of age. Precocious 
puberty. Initial imaging. 

Procedure Appropriateness Category Relative Radiation Level 

MRI sella without and with IV contrast Usually Appropriate O 

MRI sella without IV contrast Usually Appropriate O 

MRI sella with IV contrast May Be Appropriate O 

CT sella with IV contrast Usually Not Appropriate ☢☢☢ 

CT sella without IV contrast Usually Not Appropriate ☢☢☢ 

CTA head with IV contrast Usually Not Appropriate ☢☢☢☢ 

CT sella without and with IV contrast Usually Not Appropriate ☢☢☢ 

MRA head with IV contrast Usually Not Appropriate O 

MRA head without and with IV contrast Usually Not Appropriate O 

MRA head without IV contrast Usually Not Appropriate O 

Radiography sella Usually Not Appropriate ☢ 

Venous sampling petrosal sinus Usually Not Appropriate Varies 
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NEUROENDOCRINE IMAGING 
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Summary of Literature Review 

Introduction/Background 
Neuroendocrine abnormalities encompass a range of centrally mediated hormonal imbalances and organ-specific 
pituitary abnormalities. Imaging is generally focused on the pituitary gland and parasellar region and typically 
follows endocrine evaluation [1-3]. Abnormalities of the pituitary are often an incidental finding on imaging 
performed for other indications, though these may be associated with occult endocrine dysfunction [4], and 
focused imaging is commonly requested in follow-up of these lesions. Extrinsic mass effect can result in 
dysregulation of pituitary hormone release as well as extra-pituitary dysfunction. 

The hypothalamic pituitary axis consists of two separate neuroendocrine organs: the anterior pituitary system and 
the posterior pituitary system. The hormones of the anterior pituitary are thyroid-stimulating hormone, adrenal 
corticotrophic hormone, prolactin, growth hormone, and the gonadotropins. These are secreted under the 
influence of hypothalamic trophic factors. The posterior pituitary gland consists of axonal terminations of neurons 
whose cell bodies are located in the hypothalamus. The principal hormones secreted by these cells are oxytocin 
and vasopressin or antidiuretic hormone. The hypothalamus also participates in complex mediation of food intake, 
temperature regulation, sleep and arousal, memory, thirst, and other autonomic functions. 

This document encompasses the most common hypothalamic pituitary axis neuroendocrine abnormalities in 
adults. Thyroid and thyroid-releasing hormone-induced abnormalities are covered in the ACR Appropriateness 
Criteria® topic on “Thyroid Disease” [5]. This document is not intended to guide the evaluation of neuroendocrine 
abnormalities in childhood, with the exception of Variant 6: Precocious puberty. The follow-up of incidentally 
detected pituitary lesions on MRI should be guided by the “Management of Incidental Pituitary Findings on CT, 
MRI, and (18)F-Fluorodeoxyglucose PET: A White Paper of the ACR Incidental Findings Committee” [6]. 

Special Imaging Considerations 
This guideline emphasizes the initial imaging for diagnosis. Additional studies may be ordered specifically for 
image-guided surgical navigation systems or intraoperative imaging platforms. It is recommended that ordering 
physicians consult with their radiologists as to protocols that can accomplish surgical guidance needs, to minimize 
patient recall or reimaging [7-10]. Endoscopic surgical landmarks requiring presurgical assessment include 
evaluation for presence of sinus inflammatory disease, sphenoid sinus pneumatization, bony spurs, variant 
anatomy, and bony dehiscence overlying the internal carotid arteries within the sphenoid sinuses [11-13]. 

Discussion of Procedures by Variant 
Variant 1: Adult. Suspected or known hypofunctioning pituitary gland (hypopituitarism, growth hormone 
deficiency, growth deceleration, panhypopituitarism, hypogonadotropic hypogonadism). Initial imaging. 
Pituitary hypofunction can be caused by mass effect from extrinsic solid or cystic lesions, or from intrinsic 
pituitary abnormalities. Small prolactin-secreting adenomas in males may result in hypogonadotropic 
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hypogonadism, with loss of libido and impotence [14]. Other common mass lesions that may affect the 
neuroendocrine system are germ-line tumors, meningioma, craniopharyngioma, and Rathke cleft cyst, among 
others [2,15-18]. Metastatic lesions, sarcoid, and other inflammatory processes may involve the sella and 
parasellar regions as well. Additionally, an empty sella may be seen with herniation of the subarachnoid space 
into the sella turcica; while this is usually an incidental finding, close to 30% of patients may demonstrate some 
hypopituitarism upon testing [19]. 

CT Sella 
CT can be used to detect bone-destructive lesions of the skull base, which may affect the sella turcica and can also 
detect larger macroadenomas. Even with an optimized technique, CT for pituitary pathology is insensitive when 
compared to MRI [12]. Intravenous (IV) contrast may be useful to characterize lesions or assess for soft-tissue 
invasion, but it should not be considered a first-line imaging test. CT using dual-energy techniques may 
discriminate larger pituitary masses from other lesions, such as meningioma [18]. Solid masses are more easily 
defined compared to cystic lesions, which may be confused with cerebral spinal fluid in the suprasellar cistern. 
CT features of selected suprasellar masses may aid in their characterization. Tumor invasion of the cavernous 
sinuses can be difficult to detect and may be aided by IV contrast as an adjunctive test. Dual-phase imaging with 
and without IV contrast is not indicated as an initial imaging study. Thin-section acquisition with multiplanar 
reformatting is essential and vastly improved over direct coronal imaging. This can also aid intraoperative 
navigation and provide greater osseous detail for anatomy in the sphenoid sinus prior to trans-sphenoidal surgery. 

CTA Head 
CT angiography (CTA) is indicated when vascular lesions, such as aneurysm, are suspected, though these rarely 
cause clinical symptoms referable to the hypothalamic pituitary axis. Cavernous sinus invasion by pituitary 
masses can be better detected with CTA compared with noncontrast CT. CTA may be part of operative planning 
or image guidance; however, CTA is not routinely used for initial evaluation [20]. 

MRA Head 
MR angiography (MRA) can be a useful adjunct to pituitary MRI and can reliably depict vascular lesions, such as 
aneurysms [21,22], though these rarely cause clinical symptoms referable to the hypothalamic pituitary axis. 
Displacement or encasement of vessels in the suprasellar region can be better defined with MRA for surgical 
planning; however, MRA is not routinely used for initial evaluation. 

MRI Sella 
MRI using high-resolution pituitary protocols is the preferred diagnostic imaging modality for evaluation of the 
pituitary and sellar regions [1,2,23-28]. Anatomy and pathologies involving the pituitary gland, infundibulum, 
optic chiasm, and vascular structures are reliably depicted and can be characterized on both precontrast and 
postcontrast imaging, particularly with the aid of high-resolution, focused field-of-view sequences targeted for 
sellar and parasellar assessment [29-63]. MRI with and without IV contrast plays an important role in 
characterizing lesions of the sella, suprasellar cistern, and any cavernous sinus invasion [64,65]. MRI with IV 
contrast may only be performed for use in operative guidance, and should not be considered a first-line imaging 
test. MRI can confirm absence or ectopia of the posterior pituitary gland. Pituitary underdevelopment may be 
suggested on the basis of imaging; however, objective criteria for pituitary hypoplasia do not exist [40,42,48]. An 
empty sella is well characterized on MRI, even without IV contrast [19]. 

Venous Sampling Petrosal Sinus 
Venous sampling of the cavernous sinuses is not useful in the setting of pituitary hypofunction. Venous sampling 
is reserved for cases in which a definite excess of pituitary hormone is present, medical management has failed, 
cross-sectional imaging is negative or equivocal, and surgery is planned [66-68]. 

Radiography Sella 
Radiography is insensitive and nonspecific for evaluating sellar pathology. Pituitary adenomas are frequently 
associated with a normal sella size. The sella turcica can be enlarged by the presence of a pituitary adenoma or 
other pathophysiological conditions such as pulsation of cerebral spinal fluid through a developmental or acquired 
dehiscence of the diaphragm sella in the empty sella syndrome [69]. 
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Variant 2: Adult. Suspected or known hyperfunctioning pituitary adenoma (hyperthyroidism [high 
thyroid-stimulating hormone], Cushing syndrome [high adrenal corticotrophic hormone], 
hyperprolactinemia, acromegaly, or gigantism). Initial imaging. 
Pituitary adenomas are the most common lesions of the pituitary gland in an adult. In cases of suspected 
endocrine hyperfunction, imaging is indicated to identify, characterize, monitor, and plan for the surgical 
treatment of tumors [1-3,23-27]. Tumors may respond to medical treatment with dopamine analogs or other 
medications. Pituitary adenomas may grow large but are most commonly hormone-secreting when small 
(microadenoma <10 mm); in premenopausal females, microadenomas most commonly present with clinical 
symptoms of amenorrhea and galactorrhea, although these symptoms may also result from a variety of other 
medical, neurological, or pharmacological causes. In males, prolactinomas may be entirely asymptomatic until 
visual symptoms occur, which is due to compression of the optic chiasm, or they may result in hypogonadotropic 
hypogonadism with loss of libido and impotence [14]. Thyroid and thyroid-releasing hormone-induced 
abnormalities are covered used the ACR Appropriateness Criteria® topic on “Thyroid Disease” [5]. 

CT Sella 
CT has the ability to identify large pituitary tumors, and contrast-enhanced CT may define some microadenomas 
[28,70-73], although MRI is more sensitive. Dual-phase imaging with and without IV contrast is not indicated as 
an initial imaging study. Larger tumors may cause sellar remodeling, including sellar enlargement, bony erosion, 
supra sellar extension, invasion into the clivus, or sphenoid sinus. 

CTA Head 
CTA may be part of operative planning or image guidance; however, CTA is not routinely used in the initial 
evaluation of known or suspected hyperfunctioning pituitary adenoma [20]. 

MRA Head 
There is no relevant literature regarding the use of MRA in the initial imaging evaluation of suspected or known 
hyperfunctioning pituitary adenoma. 

MRI Sella 
MRI using high-resolution pituitary protocols is generally considered the gold standard for imaging the pituitary 
gland in cases of suspected hormone-secreting adenoma [15]. MRI can directly visualize the pituitary gland on 
noncontrast sequences. The addition of IV contrast increases the conspicuity of small adenomas, which are 
typically seen as hypoenhancing lesions [13,74,75]. MRI with IV contrast may only be performed for use in 
operative guidance, and should not be considered a first-line imaging test. MRI has been used to characterize 
tissue consistency [76] and has been used to predict response to therapy in cases of acromegaly [77]. Dynamic 
contrast-enhanced imaging of the pituitary is advocated by some authors for detection of microadenoma [78-80]. 
Additionally, recent studies have noted an increased sensitivity for spoiled gradient-echo 3-D T1 sequence in the 
detection of hormone-secreting adenomas [81]. Hormone-secreting pituitary tumors are more commonly 
microadenomas (<10 mm), highlighting the need for high-resolution, focused field-of-view, and thin-section 
imaging. MRI may further characterize hemorrhage within adenomas as areas of decreased signal intensity on T2-
weighted images [41,60]. 

Venous Sampling Petrosal Sinus 
Petrosal sinus venous sampling is an invasive study reserved for cases in which a definite excess of pituitary 
hormone is present, medical management has failed, cross-sectional imaging is negative or equivocal, and surgery 
is planned [67]. When a significant discrepancy in hormone level, usually adrenal corticotrophic hormone, exists 
between the petrosal sinus and peripheral blood samples, tumor localization is very accurate [66,68]. 

Radiography Sella 
There is no relevant literature regarding the use of radiography in the initial evaluation of known or suspected 
hyperfunctioning pituitary adenoma. 

Variant 3: Adult. Diabetes insipidus. Initial imaging. 
Central causes of diabetes insipidus may be associated with abnormalities affecting the pituitary stalk and the 
hypothalamic-pituitary axis. Mass effect or neoplastic invasion may be present because of germ-line tumors, 
lymphoma, leukemia, Langerhans cell histiocytosis, metastasis, craniopharyngioma, meningioma, and Rathke 
cleft cyst, among others [2,15-17]. Inflammatory processes (ie, sarcoid, lymphocytic hypophysitis, granulomatous 
infiltration) occur in the sellar and suprasellar regions as well. Additionally, an empty sella may be seen with 
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herniation of the subarachnoid space into the sella turcica; this is usually an incidental finding, close to 30% of 
patients may demonstrate some hypopituitarism upon testing [19]. 

CT Sella 
CT can detect solid lesions of the suprasellar cistern and may detect infiltrative lesions of the pituitary stalk but 
also may miss cystic tumors. Multiplanar reconstructions with thin sections and soft-tissue window settings are 
crucial to visualize the suprasellar cistern and pituitary stalk. CT with IV contrast helps to visualize the enhancing 
pituitary stalk and infiltrative lesions of the stalk, though MRI is considered the best first-line study. Dual-phase 
imaging with and without IV contrast is not indicated as an initial imaging study. 

CTA Head 
CTA may be part of operative planning or image guidance; however, CTA is not routinely used for initial 
evaluation of diabetes insipidus [20]. 

MRA Head 
There is no relevant literature regarding the use of MRA in the evaluation of diabetes insipidus. 

MRI Sella 
MRI with and without IV contrast using high-resolution pituitary or skull base protocols is preferred in the 
workup of suspected central diabetes insipidus and in the detection of abnormalities of the hypothalamic-
neurohypophyseal axis, which may lead to failure of normal antidiuretic hormone release and transport. Thin-
section T1-weighted images are used to directly identify typical T1 signal hyperintensity of normal 
neurosecretory granules; such a signal may be absent from the sella when an ectopic posterior pituitary gland is 
present or in long-standing diabetes insipidus. Traumatic etiologies, such as stalk transection or postoperative 
sella, can be characterized using thin-section T2-weighted images. MRI with and without IV contrast is especially 
useful for the detection and characterization of inflammatory lesions of the stalk and neoplastic invasion [23,82]. 
MRI with IV contrast may only be performed for use in operative guidance and should not be considered a first-
line imaging test. 

Venous Sampling Petrosal Sinus 
There is no relevant literature regarding the use of venous sampling in the evaluation of diabetes insipidus. 

Radiography Sella 
There is no relevant literature regarding the use of radiography in the evaluation of diabetes insipidus. 

Variant 4: Adult. Pituitary apoplexy. Initial imaging. 
Pituitary apoplexy refers to sudden onset of neurological symptoms and hormonal dysfunction related to either 
hemorrhagic or vascular impairment of the pituitary gland [3,83]. Imaging is often used to detect pituitary 
hemorrhage, which can occur as the initial manifestation of an adenoma or in the clinical setting of treated 
adenoma, prior radiation treatment, pregnancy (see the “Safety Considerations in Pregnant Patients” section 
below), anticoagulation, and trauma. 

CT Sella 
CT may provide useful information in the clinical setting of sudden onset of pituitary dysfunction by identifying a 
pituitary or suprasellar mass but is less sensitive than MRI for the detection of acute pituitary hemorrhage [16]. 
MRI is considered the optimal first-line test. Calcification seen on CT may help to clarify complicated cases of 
craniopharyngioma, which can occasionally be confused with hemorrhagic pituitary adenoma on MRI. While the 
use of IV contrast may help distinguish hemorrhage from enhancement, dual-phase imaging with and without IV 
contrast is not indicated as an initial imaging study. As pituitary apoplexy may clinically present with sudden 
headache and oculomotor palsies; CT may be considered as part of the initial diagnostic evaluation to exclude 
intracranial hemorrhage or mass lesion, particularly when rapid diagnosis is needed, such as in an emergency 
department setting. 

CTA Head 
CTA may be part of operative planning or image guidance; however, CTA is not routinely used for initial 
evaluation of pituitary apoplexy [20]. 

MRA Head 
There is no relevant literature regarding the use of MRA in the evaluation of pituitary apoplexy. 
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MRI Sella 
MRI using high-resolution pituitary protocols is the primary modality for the evaluation of suspected pituitary 
apoplexy [83]. Tumor enlargement, sellar expansion, and intratumoral hemorrhage are well demonstrated on 
MRI. Noncontrast imaging is sensitive to the detection of hemorrhage and may show T1 signal hyperintensity, 
low T2 signal, or a hemorrhage fluid level within the pituitary gland [84]. Not all cases of intrapituitary 
hemorrhage (ie, subacute/necrotic adenoma) are associated with symptomatic pituitary apoplexy; however, 
caution is needed in interpreting pituitary hemorrhage in the context of clinical symptoms [85]. While pituitary 
apoplexy is most commonly caused by hemorrhage into an existing pituitary macroadenoma, other soft-tissue 
masses may have overlapping imaging features. For example, craniopharyngioma or Rathke cleft cysts can have 
intrinsic T1-signal hyperintensity that is due to proteinaceous content, and a dermoid or teratoma may show high 
T1 signal because of fat. Inclusion of T1 fat saturation sequences may aid in differentiation of fat from blood 
products. Ischemic pituitary apoplexy can be detected on contrast-enhanced MRI in the appropriate clinical 
context by central nonenhancement of the enlarged pituitary, indicating central tumoral necrosis or ischemia. MRI 
with IV contrast may only be performed for use in operative guidance and should not be considered a first-line 
imaging test. 

Venous Sampling Petrosal Sinus 
There is no relevant literature regarding the use of venous sampling in the evaluation of pituitary apoplexy. 

Radiography Sella 
There is no relevant literature regarding the use of radiography in the evaluation of pituitary apoplexy. 

Variant 5: Adult. Surveillance postpituitary or sellar mass resection.  
Delayed surveillance is performed in patients with known subtotal pituitary adenoma resection [86], 
nonfunctioning pituitary adenomas [87], and postresection of sellar/suprasellar nonadenoma masses guided by 
tumor pathology and patient symptoms. In the immediate postoperative setting, local complications may be 
difficult to discern from normal postoperative changes [88,89]. There is variable literature regarding the frequency 
and duration of routine follow-up for nonfunctioning tumors [90,91]; however, postoperative imaging is often 
performed >3 months following trans-sphenoidal surgery [88]. 

Imaging of suspected operative complications—such as intracranial hemorrhage, vascular injury, infarct [92], 
infection [93], or cerebrospinal fluid leak [94]—are beyond the scope of this document. 

CT Sella 
Assessment for tumor growth or suprasellar extension can be performed using CT, although MRI is generally 
considered superior. Invasion of the skull base by pituitary tumor is an uncommon but important complication 
that is best characterized preoperatively with CT [95]. CT with IV contrast is not typically needed in the 
postoperative setting, unless specifically focused on adjacent structures such as the cavernous sinuses. Dual-phase 
imaging with and without IV contrast is not indicated as an initial imaging study. 

CTA Head 
Routine vascular imaging following pituitary surgery is generally not indicated unless there is known or clinical 
suspicion for a vascular complication. 

MRA Head 
Routine vascular imaging following pituitary surgery is generally not indicated unless there is known or clinical 
suspicion for a vascular complication. 

MRI Sella 
MRI using high-resolution pituitary protocols is the most useful tool for diagnostic assessment following pituitary 
surgery. MRI with and without IV contrast adds additional information when new tumor is suspected in the 
setting of gross total tumor resection [86], surveillance of smaller known masses [64], and hormone-secreting 
microadenomas when there is an unexpected hormonal response to medical therapy. In patients with known 
tumors and normal hormone levels on dopamine agonist therapy, MRI follow-up may be unnecessary [96]. 
Inclusion of diffusion-weighted imaging may be considered as a tool to differentiate granulation tissue 
postoperative from residual or recurrent adenoma [97]. Surveillance after resection of nonadenoma 
sellar/suprasellar masses should be based on the tumor pathology and patient symptoms, generally requiring MRI 
without and with IV contrast. High-resolution pituitary protocols generally suffice for the assessment of 
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cavernous sinus involvement or complication. MRI with IV contrast may only be performed for use in operative 
guidance and should not be considered for routine surveillance. 

Venous Sampling Petrosal Sinus 
There is no relevant literature regarding the use of venous sampling in the evaluation of the postoperative sella. 

Radiography Sella 
There is no relevant literature regarding the use of radiography in the evaluation of the postoperative sella. 

Variant 6: Child, males younger than 9 years of age; females younger than 8 years of age. Precocious 
puberty. Initial imaging. 
Central causes of precocious puberty are often idiopathic; however, this may be related to intracranial neoplasms, 
trauma, infection, hydrocephalus, and some syndromes with premature gonadotropin-releasing hormone 
production that is due to infiltration or extrinsic mass effect [98-103]. 

The appropriateness of imaging in the setting of precocious puberty is debated. Imaging should always follow 
hormonal studies that suggest a central origin of precocious puberty [104,105]. The age of the child at symptom 
onset is important, where girls <6 and boys younger <9 are most likely to show a central nervous system 
abnormality and therefore should be screened with MRI [104,106-108]. For girls 6 to 8 years of age, the 
likelihood of identifying a central nervous system lesion is lower, estimated between 2% to 7%, and neoplastic in 
1% [104,109]. The need for routine central nervous system imaging is controversial and requires careful clinical 
consideration [107,110]. 

CT Sella 
CT provides the ability to evaluate the overall size and structure of the sella turcica but offers little in the way of 
intrasellar and parasellar soft-tissue detail. Larger lesions in the suprasellar cistern can be identified (ie, 
germinoma, astrocytoma, arachnoid cyst), as well as gross morphological alterations in the configuration and 
appearance of the ventricles, such as in the setting of hydrocephalus [111]. CT with IV contrast may highlight a 
solid mass but is rarely indicated as an initial screening examination. 

CTA Head 
CTA may be part of operative planning or image guidance; however, CTA is not routinely used for initial 
evaluation of precocious puberty [20]. 

MRA Head 
There is no relevant literature regarding the use of MRA in the evaluation of precocious puberty. 

MRI Sella 
MRI is the preferred imaging modality to evaluate the hypothalamic-pituitary axis and parasellar regions with its 
superior depiction of parenchymal tissue [105,112]. Gadolinium-based contrast adds additional benefit in 
characterizing lesions. Small pituitary lesions, such as adenomas and Rathke cleft cysts, may be occult without 
postcontrast sequences. Contrast-enhanced MRI also discriminates between nonenhancing hypothalamic 
hamartoma and an enhancing astrocytoma. MRI with IV contrast may only be performed for use in operative 
guidance and should not be considered as a first-line imaging test. MRI is able to detect more subtle mass lesions 
and directly evaluate pituitary morphology, as well as mass effect, upon the hypothalamus. MRI is appropriate, 
irrespective of age and gender, in patients with precocious puberty and concurrent central nervous system 
symptoms, such as severe headaches, visual changes, or seizures [107]. 

Congenital abnormalities with imaging manifestations, such as septo-optic dysplasia, are better seen on MRI, 
although [113] these generally manifest symptomatically earlier in childhood and contrast is generally not needed 
in these circumstances. 

Venous Sampling Petrosal Sinus 
There is no relevant literature regarding the use of venous sampling in the evaluation of precocious puberty. 

Radiography Sella 
There is no relevant literature regarding the use of radiography in the evaluation of precocious puberty. 
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Summary of Recommendations 
• Variant 1: MRI sella without and with IV contrast or MRI sella without IV contrast is usually appropriate for 

the initial imaging of adults with suspected or known hypofunctioning pituitary gland (hypopituitarism, 
growth hormone deficiency, growth deceleration, panhypopituitarism, hypogonadotropic hypogonadism). The 
addition of IV contrast is preferred for the assessment of pituitary lesions; however, a noncontrast MRI also 
provides diagnostic detail. 

• Variant 2: MRI sella without and with IV contrast or MRI sella without IV contrast is usually appropriate for 
the initial imaging of adults with suspected or known hyperfunctioning pituitary adenoma (hyperthyroidism 
[high thyroid-stimulating hormone], and Cushing syndrome [high adrenal corticotrophic hormone], 
hyperprolactinemia, acromegaly, or gigantism). The addition of IV contrast is preferred for the assessment of 
pituitary lesions; however, a noncontrast MRI also provides diagnostic detail. 

• Variant 3: MRI sella without and with IV contrast or MRI sella without IV contrast is usually appropriate for 
the initial imaging of adults with diabetes insipidus. The addition of IV contrast is preferred for the 
assessment of pituitary lesions; however, a noncontrast MRI also provides diagnostic detail. 

• Variant 4: MRI sella without and with IV contrast or MRI sella without IV contrast is usually appropriate for 
the initial imaging of adults with pituitary apoplexy. The addition of IV contrast is preferred for the 
assessment of pituitary lesions; however, a noncontrast MRI also provides diagnostic detail. The panel did not 
agree on recommending CT sella without IV contrast for adults in this clinical setting. There is insufficient 
medical literature to conclude whether or not these patients would benefit from this procedure. The use of CT 
sella without IV contrast in this patient population is controversial but may be appropriate. 

• Variant 5: MRI sella without and with IV contrast or MRI sella without IV contrast is usually appropriate in 
adults when surveillance postpituitary or sellar mass resection is performed. The addition of IV contrast is 
preferred for the assessment of pituitary lesions; however, a noncontrast MRI also provides diagnostic detail. 

• Variant 6: MRI sella without and with IV contrast or MRI sella without IV contrast is usually appropriate for 
the initial imaging of children with precocious puberty, specifically males younger than 9 years of age or 
females younger than 8 years of age. The addition of IV contrast is preferred for the assessment of pituitary 
lesions; however, a noncontrast MRI also provides diagnostic detail. 

Supporting Documents 
The evidence table, literature search, and appendix for this topic are available at https://acsearch.acr.org/list. The 
appendix includes the strength of evidence assessment and the final rating round tabulations for each 
recommendation. 

For additional information on the Appropriateness Criteria methodology and other supporting documents go to 
www.acr.org/ac. 

Safety Considerations in Pregnant Patients 
Imaging of the pregnant patient can be challenging, particularly with respect to minimizing radiation exposure 
and risk. For further information and guidance, see the following ACR documents: 
• ACR–SPR Practice Parameter for the Safe and Optimal Performance of Fetal Magnetic Resonance Imaging 

(MRI) [114] 
• ACR-SPR Practice Parameter for Imaging Pregnant or Potentially Pregnant Adolescents and Women with 

Ionizing Radiation [115] 
• ACR-ACOG-AIUM-SRU Practice Parameter for the Performance of Obstetrical Ultrasound [116] 
• ACR Manual on Contrast Media [117] 
• ACR Guidance Document for MR Safe Practices [118] 

https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/ACR-Appropriateness-Criteria
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/mr-fetal.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/mr-fetal.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/pregnant-pts.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/pregnant-pts.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/us-ob.pdf
https://www.acr.org/Clinical-Resources/Contrast-Manual
https://www.acr.org/Clinical-Resources/Radiology-Safety/MR-Safety
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Appropriateness Category Names and Definitions  

Appropriateness Category Name Appropriateness 
Rating Appropriateness Category Definition 

Usually Appropriate 7, 8, or 9 
The imaging procedure or treatment is indicated in 
the specified clinical scenarios at a favorable risk-
benefit ratio for patients. 

May Be Appropriate 4, 5, or 6 

The imaging procedure or treatment may be 
indicated in the specified clinical scenarios as an 
alternative to imaging procedures or treatments with 
a more favorable risk-benefit ratio, or the risk-benefit 
ratio for patients is equivocal. 

May Be Appropriate 
(Disagreement) 5 

The individual ratings are too dispersed from the 
panel median. The different label provides 
transparency regarding the panel’s recommendation. 
“May be appropriate” is the rating category and a 
rating of 5 is assigned. 

Usually Not Appropriate 1, 2, or 3 

The imaging procedure or treatment is unlikely to be 
indicated in the specified clinical scenarios, or the 
risk-benefit ratio for patients is likely to be 
unfavorable. 

Relative Radiation Level Information 
Potential adverse health effects associated with radiation exposure are an important factor to consider when 
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with 
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging 
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate 
population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at 
inherently higher risk from exposure, because of both organ sensitivity and longer life expectancy (relevant to the 
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for 
pediatric examinations are lower as compared with those specified for adults (see Table below). Additional 
information regarding radiation dose assessment for imaging examinations can be found in the ACR 
Appropriateness Criteria® Radiation Dose Assessment Introduction document [119]. 

Relative Radiation Level Designations 

Relative Radiation Level* Adult Effective Dose Estimate 
Range 

Pediatric Effective Dose Estimate 
Range 

O 0 mSv 0 mSv 

☢ <0.1 mSv <0.03 mSv 

☢☢ 0.1-1 mSv 0.03-0.3 mSv 

☢☢☢ 1-10 mSv 0.3-3 mSv 

☢☢☢☢ 10-30 mSv 3-10 mSv 

☢☢☢☢☢ 30-100 mSv 10-30 mSv 
*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary 
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is 
used). The RRLs for these examinations are designated as “Varies.” 
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The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for 
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians 
in making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the 
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked. 
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this 
document. The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques 
classified as investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should 
be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring 
physician and radiologist in light of all the circumstances presented in an individual examination. 
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