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 The sella turcica and parasellar area are rich and intricate anatomic regions of the intracranial 
cavity. They form a unique spatial confl uence of numerous key anatomic and physiologic sys-
tems. The normal anatomic organization and functional integrity of the important structures 
contained within this small space may be easily distorted by any number of diverse pathologi-
cal processes arising in and around this region. For this reason, patients presenting with dis-
eases of the sellar and parasellar region may seek the expertise of numerous medical 
practitioners, including family practitioners, neurologists, ophthalmologists, otolaryngolo-
gists, endocrinologists, and neurosurgeons, among many others. In addition, optimization of 
treatment for patients with pituitary disease and other lesions of the sellar and parasellar region 
is best provided by a multidisciplinary team comprised of these very specialties, with the assis-
tance of neuroradiologists, radiation oncologists, neuro-oncologists, neuropathologists, and 
others. The spectrum of disease arising in the sellar region ranges from functional pituitary 
adenomas causing hormonal excess syndromes such as acromegaly or Cushing’s disease, to a 
variety of cystic lesions, to metastatic or other malignant tumors, infections, infl ammatory 
diseases, and vascular lesions, among many others. The assortment of entities presenting in 
this small yet immensely critical region is as diverse as anywhere else in the human body. 

 After treating many patients with sellar lesions, one begins to develop a sense for both the 
typical features and uniqueness of each patient and his or her disease, with regard to the clini-
cal presentation, anatomic features, imaging characteristics, and pathology. Fortunately, pat-
terns in the clinical presentation and underlying disease processes do emerge and can be used 
to understand the disease process and to optimally treat patients. An understanding of the 
endocrinologic, visual, and neurologic features of processes occurring in this region is para-
mount to diagnosing sellar and parasellar lesions and managing these patients. Similarly, a 
thorough understanding of the anatomic relationships among the pituitary gland, infundibu-
lum, optic chiasm and nerves, internal carotid arteries, cranial nerves, hypothalamus, and third 
ventricle is mandatory. Our collective ability to effectively manage the variety of sellar and 
parasellar pathology has evolved tremendously over the past three decades, resulting from the 
development of many technological advances, including improved imaging modalities, radio-
immunoassay techniques, hormone replacement therapy, the operative microscope and micro-
surgical technique, endoscopic neurosurgery, and radiosurgery. 

 Most cases in this atlas have been collected over the senior author’s experience of over three 
decades of treating patients with sellar and parasellar disease. Traversing the sphenoid sinus 
more than 5000 times in order to treat patients with a wide spectrum of sellar and parasellar 
lesions has led to a deep appreciation for the amazing catalogue of fi ndings possible in this 
region. It is our hope that the cases, images, and clinical and operative “pearls” in this atlas will 
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convey a sense of marvel for the intricacy of this region of the body and will impart the benefi t 
of our experience in precisely accessing this region surgically, improving the lives of patients 
with the many types of pathologic processes occurring here.  

    Los Angeles ,  CA ,  USA      Gabriel     Zada  ,   MD, MS   
    Charlottesville ,  VA ,  USA      M.     Beatriz     S.     Lopes  ,   MD, PhD   
    Boston ,  MA ,  USA      Srinivasan     Mukundan     Jr.  ,   PhD, MD   
 Boston,  MA ,  USA     Edward     Laws     Jr.  ,   MD      
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 This work could not have been accomplished without the same kind of multidisciplinary 
approach that we utilize clinically. With the assistance of so many experts from a variety of 
perspectives and roles, we have been successful. Those involved include our offi ce and medi-
cal assistants, our nurses, nurse practitioners and physician assistants, our residents and fel-
lows, and so many of our medical and surgical colleagues. 
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      Anatomy of the Sellar 
and Parasellar Region       

     Luigi     Maria     Cavallo      ,     Domenico     Solari      ,     Alessandro     Villa      , 
    Teresa     Somma      , and     Paolo     Cappabianca     

1.1             Introduction 

 The skull base is one of the most complex anatomical 
regions, incorporating many different anatomical structures. 
The pathology of the skull base may involve a variety of 
lesions, neoplastic and otherwise, whose management can be 
diffi cult. In the past, this area has been accessed by many 
extensive and often aesthetically disfi guring transcranial 
and/or transfacial approaches, including the anterior, antero-
lateral, and posterolateral routes. 

 The transsphenoidal route facilitates access to the skull 
base via the nose. Because of its versatility, it can be con-
sidered the least traumatic route to the sella. The transsphe-
noidal route provides excellent visualization of the pituitary 
gland and related pathology, and it offers lower morbidity 
and mortality than open approaches to this region [ 1 – 3 ]. 
The wider, panoramic view offered by the endoscope has 
propelled the development of a variety of modifi cations of 
the transsphenoidal approach targeted to the entire skull 
base [ 4 – 8 ]. Direct exposure of the suprasellar, retrosellar, 
and retroclival spaces can now be gained using these 
approaches. With the evolution of technical procedures in 
such critical areas reached through narrow corridors, per-
fect understanding and knowledge of the surgical anatomy 
is fundamental.  

1.2     Endoscopic Anatomy 
of the Sphenoid Sinus  

 The anatomy of the sphenoid sinus cavity and skull base as 
seen from the endoscopic endonasal point of view can be 
divided into four areas, according to the different surgical 
approaches:

•    The sellar area  
•   The suprasellar area, explored through the 

transtuberculum- transplanum approach  
•   The parasellar area (for lesions of the cavernous sinus and 

Meckel’s cave)  
•   The clival area    

1.2.1     Basic Concepts 

 The endoscopic endonasal procedure is usually performed 
using a rigid 0° endoscope, 18 cm in length and 4 mm in 
diameter (Karl Storz Endoscopy, Tuttlingen, Germany), as 
the sole visualizing tool; angled scopes can be used to fur-
ther explore the suprasellar area. A high-defi nition (HD) 
camera, connected to a widescreen HD monitor, guarantees 
excellent image quality. Dedicated surgical instruments 
with different angled tips are needed to permit movements 
in all the visible corners of the surgical fi eld [ 9 ]. To increase 
the working space and the maneuverability of the instru-
ments (above all in extended approaches), it may be advis-
able to perform a middle turbinectomy on one side, a middle 
turbinate lateral luxation in the other nostril, and removal of 
the posterior portion of the nasal septum. A wider anterior 
sphenoidotomy is recommended, especially in the lateral 
and superior directions, where bony spurs are fl attened to 
create adequate space for the endoscope during the deeper 
steps of the procedure [ 5 ].  
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1.2.2     Head Positioning 

 The head is not placed in a neutral position. According to the 
target area of interest, it can be extended approximately 
10–15° for anterior approaches, or it may be slightly fl exed 
for approaches to the clivus, to facilitate the mobility of the 
endoscope and prevent surgical instruments from being 
restricted by the thorax. The surgeon works from the patient’s 
right side.   

1.3     Standard Endoscopic Endonasal 
Approach to the Sellar Region 

 The endoscope is usually introduced through one nostril, 
sliding along the fl oor of the nasal cavity following the infe-
rior turbinate; the choana is identifi ed, limited medially by 
the vomer (which is often a reliable midline marker) and 
superiorly by the fl oor of the sphenoid sinus [ 10 ,  11 ]. 

 Thereafter, the middle turbinate is compressed laterally to 
enlarge the space between the middle turbinate and the nasal 
septum, and the endoscope is angled upward along the roof 
of the choana approximately 1.5 cm, until the sphenoid 
ostium is identifi ed. 

 It is not always mandatory to visualize the sphenoid 
ostium once the choana is identifi ed; access to the sphenoid 
cavity can also be achieved by ascending along the spheno-
ethmoidal recess for approximately 1–1.5 cm. 

 Thereafter, the nasal septum is detached from the sphe-
noid rostrum, and the anterior wall of the sphenoid sinus is 
enlarged circumferentially, taking care to not extend too 
aggressively in an inferolateral direction, where the spheno-
palatine artery or its major branches lie [ 12 ]. 

 Septa inside the sphenoid sinus should be identifi ed and 
resected or carefully drilled down so that the posterior and 
lateral walls of the sphenoid sinus are visible, with the sellar 
fl oor at the center, the planum sphenoidale above, and the 
clival indentation below (Fig.  1.1 ). The pituitary gland is 
situated within the hypophyseal fossa, a fi bro-osseous 
 compartment near the center of the cranial base. This fossa is 
limited laterally and superiorly by refl ections of dura mater 
and anteriorly, posteriorly, and inferiorly by the sella turcica, 
a depression in the body of the sphenoid bone. The sellar 
fl oor lies at the center on the posterior sphenoid sinus wall 
and continues above to the planum sphenoidale and below to 
the clivus. The optic nerve prominences, above, are formed 
by the bony covering of the optic nerves; the carotid 
 prominences, below, cover the internal carotid arteries, with 
the opticocarotid recess in between [ 11 ,  13 ]. The lateral 
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 opticocarotid recess is created by the pneumatization of the 
optic strut of the anterior clinoid process. Although it is 
rarely visible in the cavity of the sphenoid sinus, it is impor-
tant to defi ne the position of the medial opticocarotid recess, 
representing a key point in entering the suprasellar area [ 14 ].

   Once the sellar dura is opened, the anterior lobe of the pitu-
itary gland comes into view. Its inferior surface usually con-
forms to the shape of the sellar fl oor, but its lateral and superior 
margins vary in shape because these walls are composed of 
soft tissue rather than bone. Posteriorly, the neurohypophysis 
(posterior pituitary gland) can be observed and is often softer, 
gelatinous, and more densely adherent to the posterior sellar 
wall, the dorsum sellae. Above, the diaphragma sellae covers 
the pituitary gland, except for a small central opening through 
which the pituitary stalk (infundibulum) passes. Folds of dura 
mater, which constitute the lateral walls of the hypophyseal 
fossa, also comprise the medial wall of the cavernous sinuses; 
the internal carotid artery (ICA) coursing through the cavern-
ous sinus can be appreciated at this level [ 11 ,  13 ]. 

 The pituitary gland derives its blood supply from two 
major groups of arteries. The superior hypophyseal artery 
primarily supplies the anterior lobe, the pituitary stalk, and 
the inferior surface of the optic nerve and chiasm, whereas 
the inferior hypophyseal artery is primarily related to the 
pars nervosa. The superior hypophyseal artery can arise from 
the supraclinoid portion of the ICA or from the posterior 
communicating artery, whereas the inferior hypophyseal 
artery arises from the meningohypophyseal trunk, a branch 
of the cavernous segment of the ICA.  

1.4     Extended Endoscopic 
Transsphenoidal Approaches 

1.4.1     Suprasellar Area 

 The sphenoid sinus represents a window of access to the 
midline skull base via the endonasal corridor; when the sinus 
is well pneumatized, all main bony landmarks can be identi-
fi ed. The sellar fl oor occupies a central position, with the pla-
num sphenoidale above and the clival indentation below; on 
both sides, lateral to the sellar fl oor, are the two bony promi-
nences of the intracavernous internal carotid arteries, and the 
optic nerves can be identifi ed slightly superiorly. Between 
these two protuberances, depending on the degree of pneu-
matization of the sphenoid sinus, the projection of the optic 
strut of the anterior clinoid process creates the lateral opti-
cocarotid recess [ 7 ,  13 – 15 ]. 

 Immediately above, the tuberculum sellae can be seen as 
an indentation represented by the angle formed by the con-
vergence of the planum sphenoidale with the sellar fl oor. 
Recently, we renamed this structure as the “suprasellar 
notch” [ 16 ]. Anteriorly lies the planum sphenoidale, which is 
limited on both sides by the optic nerve protuberances, 
diverging toward the orbits. 

 The removal of the upper half of the sella, the tuberculum 
sellae, and the posterior portion of the planum sphenoidale 
offers the possibility of exploring and operating in the supra-
sellar region (Fig.  1.2 ). The entire suprasellar region can be 
divided into four intradural areas: the suprachiasmatic 
region, the subchiasmatic region, the retrosellar region, and 
the ventricular region [ 15 ].

   In the suprachiasmatic region, the chiasmatic and the 
lamina terminalis cisterns are accessible. The anterior 
margin of the optic chiasm and the medial portion of the 
optic nerves, the anterior cerebral arteries, the anterior 
communicating artery, and the recurrent arteries of 
Heubner can be identifi ed, together with the gyri recti of 
the frontal lobes [ 17 ]. 

 In the subchiasmatic space, the pituitary stalk is encoun-
tered below the optic chiasm, with the superior hypophyseal 
arteries and their perforating branches supplying the inferior 
surface of the optic chiasm and the optic nerves (Fig.  1.3 ). 
The superior aspect of the pituitary gland and the dorsum 
sellae are also visible.

   The retrosellar area, explored by passing with the endo-
scope between the pituitary stalk and the ICA above the dor-
sum sellae, includes the upper third of the basilar artery, the 
pons, the superior cerebellar arteries, the oculomotor nerves, 
the posterior cerebral arteries, the mammillary bodies, and 
the fl oor of the third ventricle [ 18 ,  19 ]. 

 The third ventricle can be opened at the level of the tuber 
cinereum and the endoscope can be advanced into the ven-
tricular cavity, obtaining a panoramic view of the ventricular 

  Fig. 1.1    Anatomical picture showing the posterior wall of the sphenoid 
sinus; all the anatomical landmarks are visible, but they may vary 
according to the degree of pneumatization of the sphenoid sinus. 
^ tuberculum sellae as seen from the endoscopic endonasal view 
(recently called the “suprasellar notch”),  C  clival indentation,  CPc  
paraclival segment of the carotid protuberance,  CPs  parasellar segment 
of the carotid protuberance,  ocr  lateral optocarotid recess,  OP  optic 
protuberance,  PS  planum sphenoidale,  SF  sellar fl oor       
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area, including the thalami and the massa intermedia, the 
foramina of Monro and anterior commissure anteriorly, the 
choroid plexus of the third ventricle, the pineal and 
the suprapineal recesses, the posterior commissure, the 
habenular commissure, the habenular trigone, and the 
 cerebral aqueduct posteriorly.  

1.4.2     The Parasellar Area 

 The parasellar area is accessible through the lateral wall of 
the sphenoid sinus. The cavernous sinus apex and the tri-
geminal maxillary and mandibular nerve protuberances 
 usually lie on its bony surface (Fig.  1.4 ). Once bone has been 
removed, the medial cavernous sinus wall (composed of 
fi brous trabecular tissue) is visualized, enclosing the 
C-shaped segment of the intracavernous internal carotid 
artery [ 20 – 23 ] (Fig.  1.5 ).

    Displacing the ICA superolaterally, it is possible to visu-
alize the meningohypophyseal trunk; the inferolateral trunk 
lies lateral to the carotid artery (Fig.  1.6 ). As seen from the 
endoscopic endonasal standpoint, the oculomotor nerve par-
tially covers the trochlear nerve, whereas the V1 branch of 
the trigeminal nerve can be partially hidden by the sixth 
nerve. The oculomotor and trochlear nerves are parallel 
structures, coursing in a slight caudocranial direction and 
crossing the C-shaped ICA segment toward the superior 
orbital fi ssure. The sixth cranial nerve runs inferiorly after 
crossing the lower paraclival tract of the carotid artery; it 
usually receives sympathetic fi bers from the ICA adventitia. 
All these nerves, together with the ophthalmic nerve, course 
in a slightly lateral and superior direction toward the superior 
orbital fi ssure, while the maxillary nerve runs inferiorly to 
reach the foramen rotundum [ 24 ] (Fig.  1.7 ). The oculomotor 
nerve, the trochlear nerve, and fi rst two divisions of the tri-
geminal nerve are embedded in the lateral wall of the cavern-
ous sinus, lying between the endothelial lining and the dura 
mater, whereas the abducens nerve is contained within the 
sinus itself. The cavernous sinus also envelops a portion of 
the ICA and the sympathetic nerve plexus encircling it. The 
intracavernous segment of the ICA extends forward, adja-
cent to the superolateral surface of the body of the sphenoid 
bone, in a groove called the carotid sulcus.

   The oculomotor and abducens nerves create a triangular 
area whose base is represented by the lateral loop of the ICA: 
the outer surface of this area contains the fourth cranial nerve 
and a portion of V1. The abducens nerve and V2 enclose a 
quadrangular area, laterally limited by the bony surface of 
the lateral wall of the sphenoid sinus, extending from the 
superior orbital fi ssure to the foramen rotundum and medi-
ally by the ICA. Finally, an inferior quadrangular area can be 
identifi ed, which is limited superiorly by V2 and inferiorly 
by the Vidian nerve; its anterior margin is represented by the 
bony surface of the lateral wall of the sphenoid sinus from 
the foramen rotundum to the pterygoid canal, and its poste-
rior margin is the intrapetrous segment and the caudal por-
tion of the ICA. This quadrangular area can be used to enter 
Meckel’s cave [ 20 ].  

  Fig. 1.2    The pattern of bony removal of the planum sphenoidale 
resembles a chef’s hat, limited in its posterior part by the medial border 
of the lateral optocarotid recess (ocr) and by the bony prominence of the 
optic nerve.  CPc  paraclival segment of the carotid protuberance,  CPs  
parasellar segment of the carotid protuberance,  dm  dura mater of the 
planum sphenoidale,  OP  optic protuberance,  SF  sellar fl oor       

  Fig. 1.3    Intradural exploration of the suprasellar area after removal of 
the tuberculum sellae and planum sphenoidale.  Ch  chiasm,  ICA  internal 
carotid artery,  ON  optic nerve,  Ps  pituitary stalk,  sha  superior hypophy-
seal artery       
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  Fig. 1.4    Endoscopic view after bony removal of the sella, clivus ( C ), 
and the intracavernous internal carotid arteries. The medial pterygoid 
process has been drilled away, thus allowing a wide exposure of the 
lateral recess of the sphenoid sinus. The  dotted line  represents the lat-
eral recess of the sphenoid sinus after drilling of the medial pterygoid 
process.  ICAc  paraclival segment of the internal carotid artery,  ICAs  
parasellar segment of the internal carotid artery,  fSphS  fl oor of the sphe-
noid sinus,  MPP  medial pterygoid plate,  PG  pituitary gland       

  Fig. 1.5    Endoscopic view after bony removal of the lateral recess of 
the sphenoid sinus.  C  clivus,  ICAc  paraclival segment of the internal 
carotid artery,  ICAs  parasellar segment of the internal carotid artery,  FL  
foramen lacerum,  fSphS  fl oor of the sphenoid sinus,  GG  Gasserian gan-
glion,  PG  pituitary gland,  SOF  superior orbital fi ssure,  V1  fi rst branch 
of trigeminal nerve,  V2  second branch of trigeminal nerve,  V3  third 
branch of trigeminal nerve,  VI  abducens nerve       

  Fig. 1.6    Endoscopic close-up view of the branches of the left intracav-
ernous internal carotid artery, including the inferior hypophyseal artery 
( white asterisk ) and the inferolateral trunk ( white circle ).  C  clivus,  
 ICAc  paraclival segment of the internal carotid artery,  ICAs  parasellar 
segment of the internal carotid artery,  PG  pituitary gland,  VI  abducens 
nerve       
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1.4.3     The Clival Area 

 From an endonasal perspective, the clivus represents the 
anterior gateway to the posterior cranial fossa: two corridors 
can be pursued, the sphenoidal (upper clivus) and the rhino-
pharyngeal (lower clivus) [ 13 ,  25 ]. 

 The vomer and the inferior wall of the sphenoid sinus 
need to be removed completely in an anteroposterior direc-
tion to allow the exposure of both the sphenoidal and rhino-
pharyngeal parts of the clivus (Figs.  1.6  and  1.7 ). The Vidian 
nerves, which represent the lateral limits of this exposure, 
can be identifi ed lateral to the vomer-sphenoid junction [ 26 ]. 
These nerves, after crossing the intrapetrous carotid artery 
from above, reach the pterygopalatine fossa at a level inferior 
to that of the intrapetrous ICA. Extending posteriorly with 
bony removal and staying medial to these nerves, one can 
limit the risk of ICA injury. The lateral limit of clival bone 
removal is represented by the paraclival course of the intra-
cavernous internal carotid arteries, whose bony protuber-
ances are often clearly visible (Fig.  1.7 ).

   Removing clival bone to the carotid protuberances, the 
retroclival dura harboring the basilar plexus is visualized; in 
the middle third of the clival area, it is possible to recognize 
the sixth cranial nerve entering the cavernous sinus posterior 
to the paraclival intracavernous carotid artery in close con-
tact to the dorsal meningeal artery, which provides the arte-
rial blood supply to the dura of the clival region [ 24 ] 
(Fig.  1.8 ). 

 Upon dural opening—performed below the vertebrobasi-
lar junction in order to spare the sixth cranial nerve origin at 
the brainstem—the basilar artery and its branches, as well as 
the upper cranial nerves, are seen along their courses. The 
intradural compartment can be divided into three major 
regions:

•    The upper third, whose main neurovascular structures are 
the oculomotor nerves and the posterior cerebral and 
superior cerebellar arteries  

•   The middle third, whose main landmark is represented by 
the sixth cranial nerves  

•   The lower third, including the vertebrobasilar junction, 
the vertebral arteries, and the ninth to twelfth cranial 
nerves   

  Fig. 1.8    Intradural exploration of the retroclival area after the tran-
sclival approach is extended inferiorly to C1.  AICA  anterior inferior 
cerebellar artery,  ASA  anterior spinal artery,  BA  basilar artery,  ICAc  
paraclival segment of the internal carotid artery,  VA  vertebral artery,  VI  
abducens nerve       

  Fig. 1.7    Endoscopic view of the sellar and clival areas, enclosed 
between the internal carotid arteries.  C  clivus,  fSphS  fl oor of the sphe-
noid sinus,  GG  Gasserian ganglion,  ICAc  paraclival segment of the 
internal carotid artery,  ICAs  parasellar segment of the internal carotid 
artery,  PG  pituitary gland,  VI  abducens nerve       
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      Imaging of the Sellar Region       

     Raymond     Y.     Huang       and     Srinivasan     Mukundan     Jr.      

         Imaging of the sellar and parasellar regions is clinically indi-
cated in patients with symptoms or signs of endocrinopathy 
or visual fi eld defi ciency. However, a greater proportion of 
sellar and parasellar pathologies are often discovered inci-
dentally as cross-sectional imaging of the brain is increas-
ingly performed during diagnostic evaluation of unrelated 
neurologic problems or during staging of systemic malig-
nancy. The latest improvements in high-resolution magnetic 
resonance imaging (MRI) and computed tomography (CT) 
techniques have greatly increased our ability to detect small 
sellar lesions and delineate the extent of disease prior to sur-
gical resection. Understanding both the advantages and limi-
tations of these imaging techniques is essential for optimizing 
imaging protocol and improving diagnostic accuracy. 

2.1     Imaging Strategies 

2.1.1     Computed Tomography (CT) 

 Modern CT equipment is capable of multiplanar reforma-
tion, allowing precise assessment of the bony anatomy of the 
sella for surgical planning. Similar to the traditional role of 
lateral projection of head radiographs, the shape and size of 
sellae are readily visualized on CT using sagittal-plane 

 reformatted images. Moreover, with proper windowing, the 
pituitary gland and stalk can often be distinctly visualized 
apart from the cerebrospinal fl uid (Fig.  2.1 ). While intrapitu-
itary lesions, specifi cally small pituitary adenomas or cysts, 
are often not detectable on CT because of its less than opti-
mal soft-tissue contrast, CT can be a useful screening test to 
exclude the presence of large sellar lesions, especially those 
that extend out of the sella causing visual fi eld symptoms, 
particularly if MRI is contraindicated. 

 In evaluating sellar lesions, CT has an advantage over 
MRI because of its superior capability in visualizing bony 
detail and calcifi cations. For example, pituitary adenomas 
often grow slowly, allowing time for bone remodeling that is 
evident by demonstration of smooth cortical margins 
(Fig.  2.2 ). In contrast, an aggressive process such as a malig-
nancy or infection can permeate or erode the bone, resulting 
in indistinct cortical margins. CT is also sensitive to the 
presence of soft-tissue calcifi cations that are uniquely found 
in a subset of sellar pathology, including vascular aneurysm, 
germ cell neoplasm, and craniopharyngioma. Finally, CT 
angiography can be helpful in confi rming the presence of 
aneurysms that may mimic pituitary pathology and can 
demonstrate the spatial relationship between sellar lesions 
and adjacent intracranial arteries during preoperative 
planning.

        R.  Y.   Huang ,  MD, PhD      •    S.   Mukundan   Jr. ,  MD, PhD      (*) 
  Department of Radiology ,  Brigham and Women’s Hospital , 
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2.1.1.1        Magnetic Resonance Imaging (MRI) 
 Because of its exquisite soft-tissue contrast and lack of ion-
izing radiation, MRI is the imaging modality of choice for 
evaluation of sellar and parasellar pathology. Because the 
dimensions of the sella turcica are approximately 
10 × 10 × 10 mm for normal adults, an inter-slice thickness of 
smaller or equal to 3 mm (without gap) is needed to generate 
at least 3 slices through the content of the sella (Fig.  2.3 ). 
When the sella is imaged in coronal and sagittal planes at 
3-mm inter-slice thickness, lesions larger than 3 mm should 
be detectable on both planes. The multiplanar capability of 
MRI not only allows initial diagnosis of sellar pathology but 
also facilitates preoperative planning and posttreatment sur-
veillance for recurrence. 

 Although noncontrast-enhanced MRI can detect and 
characterize sellar pathology larger than the normal gland, 
small adenomas often exhibit image contrast nearly identical 
to the surrounding pituitary gland unless the lesions contain 
fl uid or proteinaceous or hemorrhagic material. The standard 
pituitary protocol used in our institution includes sagittal and 
coronal T1-weighted spin-echo sequences through the sella 
using a small fi eld of view (20 × 25 cm), thin slices (3 mm), 
and a high-resolution matrix (256 × 512), performed both 
before and following intravenous gadolinium administration. 
The protocol also includes 0.5-mm volumetric 3D 
T2-weighted steady-state free precession (T2 SSFP) 
sequence (e.g., FIESTA, CISS, etc.) in the sagittal plane 
through the sella, whole-brain axial fl uid-attenuated inver-
sion recovery (FLAIR), diffusion-weighted imaging (DWI), 
and postgadolinium volumetric 3D T1-weighted sequence 
(e.g., MPRAGE or SPGR). The whole-brain 3D volumetric 
postgadolinium sequence provides lesion coregistration to 
surgical guidance software and also allows confi rmation of 
small lesions (equal to or smaller than 3 mm) occasionally 
observed only on one of the two 3-mm spin-echo imaging 
planes. In our experience, this protocol could identify a 
majority of sellar/parasellar pathology, greatly reducing the 
need to perform repeated evaluations for small adenomas 
using dynamic gadolinium-enhanced MRI. 

 For detection of small pituitary adenomas that are not 
apparent on delayed contrast-enhanced MRI, dynamic con-
trast MRI can be performed to increase lesion-to-gland con-
trast based on different contrast wash-in and wash-out 
properties between adenomas and pituitary tissues. 
Immediately following an intravenous bolus injection of gad-
olinium (0.05 mmol/kg), six sequential sets of three images 
are acquired every 10 s using a three-dimensional Fourier 
transformation gradient echo or fast turbo spin-echo sequence. 
For a normal pituitary gland, the stalk and posterior part of 
the gland enhance fi rst because of their direct arterial supply, 
followed by the anterior part of the gland that receives blood 
from the hypophyseal-portal system. The entire gland 
enhances homogeneously between 30 and 60 s. The maximal 

  Fig. 2.1    CT image in sagittal-plane reformation shows the shape and 
size of the sella, with the pituitary gland and stalk clearly visualized       

  Fig. 2.2    Sagittal-plane CT image in bone window shows smooth 
expansion of the sella caused by a pituitary macroadenoma       
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difference in the degree of enhancement between the normal 
pituitary tissue and adenomas often occurs during 30–60 s 
after the contrast administration, with the majority of adeno-
mas appearing relatively hypoenhancing relative to the avidly 
enhancing pituitary gland. After 60 s, the contrast medium 
within the pituitary gland begins to wash out, but the adeno-
mas often continue to take up contrast; peak enhancement 
occurs up to 200 s [ 1 ]. As a result, the imaging contrast 

between the adenoma and the pituitary tissue reduces after 
reaching maximum enhancement and can become reversed, 
with adenomas appearing more hyperintense compared with 
the pituitary gland on delayed imaging [ 2 ]. Some adenomas 
may enhance very early following contrast administration, 
possibly secondary to direct arterial supply, and dynamic con-
trast MRI can identify these adenomas as hyperintense lesions 
during the earliest time points [ 3 ].

  Fig. 2.3    Three consecutive coronal-plane T1-weighted images through the sella demonstrate a normal sized pituitary gland. The image on the left 
shows T1 shortening within the posterior pituitary       
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