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NEUROHYPOPHYSI$s rare site of neoplasia
1) INFUNDIBULOMASare rare variants #iLOCYTIC ASTROCYTOMAS
2) GRANULAR CELL TUMOREVYOBLASTOMASCHORISTOMA}are rare tumors with uncertain
cell origin.

Most pituitary tumors ar@DENOMAS

DIFFERENTIAL DIAGNOSIS OF SELLAR AND PARASELLAR TUMORS

1. Tumors:
1) pituitary adenoma, pituitargarcinoma, craniopharyngioma
2) meningioma, meastatic tumors*
3) cranial nerves optic glioma, CN5 schwannoma
4) bone- chordomagchondrosarcoma
5) epidermoiddermoid teratomagermcelltumor¢ Y tr eat ed with r adi
*most commonly involve pituitary stalk
H: surgery withhistological diagnosis

2. Not tumors: hemorrhageaneurysn(supraclinoidcarotid/ superior hypophyseal artery, basilar
tip), empty sell a, Rat hkeds cl| ef tasey.duberculdsig,b e r
neurcsarcoid, eosinophilig, lymphocytic hypophysitis.

H: neuroradiological imagingpossiblybiopsy

most common differential faronsecreting adenon®CRANIOPHARYNGIOM/Aandempty sella
majority of (pargsellartumors areévenign.
BENIGN | INNOCENT (optic apparatus, hypothalamus, hypophysis)
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PITUITARY ADENOMAS

- neuroepithelial tumors ofADENOHYPOPHYSISSO new terni PIitNET (pituitary neuroendocrine
tumor)

hormonal syndrome¥

PATHOPHYSIOLOGY, P ATHOLOGY , ETIOLOGY

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
molecular etiology and epidemiologic risk factors remagompletely defined

{1 putativeTUMOR SUPPRESSORENE alterations
1) retinoblastomagene
2) multiple endocrine neoplasia type | (MEN genellql3(found in 34 %) inherited
pituitary adenoma!
3) p53deletions correlates with aggressive behavior.
pituitary adenomas areot under hypothalamic control
alternative hypothesisverstimulationor deranged signalingd r om hy pot hal amus
inappropriate pituitary growth.
1 adenomagrowslowly i nitially confined to sella tur:
encase destroy:
a) optic chiasm
b) cavernous sinuand internal carotid@ateral extension)
c) hypothalamus
d) surrounding bony structures (e.g. sphenoid sioliaus)
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N.B. locally invasiveadenomas nearly always are histologically benig/5 metastases and,
rarely, distant metastases can occur!

1 often have small foci diemorrhageor necrosis butno mitotic activity (if Ki-67 > 3%- concern
for aggressive behavior).
N.B. pituitary adenomas never have calcificati@(kok at CTi if calcium is present,
it is craniopharyngiom@)
Clinical characteristics of pituitary adenomas with radiological calcification. Toshihiro Ogiwara et al.
Acta Neurochirurgica 2017 August 19

Pituitary adenoma presenting with calcification is relatively rare (5.6%), but
should be kept in mind to avoid making a wrong preoperative diagnosis. As not
all pituitary adenomas with calcification are hard tumors, preoperative
radiological calcificatiorshould not affect decisiemaking regarding surgical
indications (tumor resection is usually possible without any complications).

1 adenomas lack discrete capsule, but presengsenfdocapsuléacilitates surgical separation

CLASSIFICATION

< 1 cm in diameter

>1cmi

HORMONAL SECRETION

a) NONSECRETORSS. NONFUNCTIONING PITUITARY ADENOMAS (most common pituitary tumorst)
manifest when reach size of T mass effec{normal pituitary tissue destruction

pressure owptic chiasm, etc)
f some nonsecretors secréte s u fglgcoprotein hormoneg@SH, LH, TSH)i suggests
origin asgonadotrophs

71 null cell adenomas demonstrate no evidence (clinical or immunohistochemical) of hormor
secretion.

b) HORMONE SECRETORSfrequency prolactin > GH > ACTH > gonadotropins > TSHjnanifest
with specificendocrine syndromes
1 nonsecreting, prolacthisecreting in meh gonadotropinsecreting GH-secreting adenomas
manifest latgas )!
*main symptomi impotencé men tend to present late for this symptom
1 other adenomas manifest ea(dill as ).
some tumors secrete multiple hormones (termad TUMORS).
normally five pituitarycell types are regionally distributed
lactotrophsandgonadotrophs widely distributec
somatotrophg peripherally (two lateral wings of gland)
thyrotrophsi anteromedially
corticotrophsi central median wedge.
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HISTOLOGY

- on routine staining
a) chromophilic cells @cidophilic or basophilic)
b) chromophobiccells.
N.B. routine staining is meaninglestumor can be difficult to differentiate from normal tissue
or metastatic diseasemmunohistochemicataining ancelectrar microscopyareessential!
1 typical normalacinar structure is losti adenomas may contain follicular, trabecular, or cystic
portions growing as diffuse sheet; cells are arranged in syncytial or sinusoidal pattern; monotons
appearance.
nucleiwithiisal t and p e (speedocine chromatimat i n
differentiationof hyperplasiafrom adenomamay be difficult.
types ofundifferentiated celladenonas:
1) NONONCOCYTIC(NULL)
2) ONCOCYTOMA (S.OXYPHIL ADENOMA) - tumor contains buildup of mitochondria.

EJE


http://www.neurosurgeryresident.net/USMLE%202/Endocrine%20system,%20metabolism%20(2701-2800)/2738.%20Anterior%20Pituitary%20Disorders.pdf
http://www.neurosurgeryresident.net/USMLE%202/Endocrine%20system,%20metabolism%20(2701-2800)/2738.%20Anterior%20Pituitary%20Disorders.pdf
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Source of pi<Ttheer d:niFemeeRatht

Medi cal

Photograph officrRoADENOMA (0.9 cm in largest diameterjncidental null cell adenoma found postmortem; tumor is
well delineated and has compressed residual still functional adenohypophy.
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Figure 26-2. Close-up dail of a pituitary adenoma still attached
to brain. Compressed vessels and nerves are apparent above
periphery.


http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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Figure 26-3. A pituitary adenoma illustrating a tendency to papillary
growth and poor demarcation from surrounding pituitary substance.
Tumor cells are uniform in size and compress adjacent normal
gland (above).

MACROADENOMA

Source of pi<Ttheer d:ntfeWenkeRatPhat hol ogy L ¢pEowaedtCoKialf, MDy>r Me di c al

EPIDEMIOLOGY

The most common tumor in sella regi@xceptcRANIOPHARYNGIOMAS childhood)

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)

Fromcancer registriesprevalence is:
19-28 cases per 100,000 peoﬁ;le

Metaanalysis ofautopsydata andadiologic studiesin healthy volunteerspituitary adenomas are
700 times more comon than registry data suggests:

pituitary adenomas afeund in 14% ofautopsies

pituitary adenomas afeund in 23% ofCT/MRI studies

| Mean prevalence of 17%

4-20 % of allintracranialtumors

most occur iryoung adults (peak- 3"%-4™" decades)children make 10% of all patients

men = women(clinically evident more often in young womesymptomatic prolactinomas and
Cushing disease are found more frequently in women.

= =4 -

CLINICAL FEATURES

Most pituitary adenomas can be detected while relatively sipadinornanamas:) - located in

exquisitely sensitive area:
N.B. nonsecreting microadenomas are asymptomatic!

1. HORMONAL FUNCTION CONTROL

A) hormonal hypersecretion(most commonly prolactin!)

B)destructi on ohlypopitatariema (partigl lin88788% patientsvith nonsecretory
tumors,pan in 6-29% patients with nonsecretory tumprs
N.B. all macrornanomne: eventually cause hypopituitarism.

 if hypopituitarism occurs, hormone lossissedquéna | : GH Y gAGTHY dSH opi r
1 primary pituitary tumorsarely* cause ADH deficiencfexcept when induced by
hypophysectomy); diabetes insipidus is more comm@RANIOPHARYNGIOMAS

*7% of patients with NFPAs at the time of clinical presentation

2.MASS EFFECT

1) headacheoccurs in 20% (can be diffuse and nonpulsatile and may be mistaken for daily
headachesnore often in femal@$ due to stretching of diaphragma selend adjacent dural
structures; ICP is normal!

N.B. nonspecific headaches may be the only early symptoms, esp. in
nonsecreting adenomas!
I itis still debatable if pituitary tumors can cause / exacerbate headaches, but pituitary surgery
associated with headache improvement or resolution in majority of patients (plus, pituitary

surgery was not found to cause or worsen headaches)
RizzoliP . et al AfHeadache in Patients Wi th Pituiteé
Neurosurgery: March 2016Volume 78 Issue 3 p 316 323

2) crossing fibersn opticchiasm( super i or bitemporl@eémpgaiadr ant a
hemianopia- chief and earliest finding in most patients!)
1 relationship of pituitary and optic chiasm
a) chiasm directly above pituitar$30%).



http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html

3)

4)

5)

6)

7

8)

b) prefixed - chiasm anteriorly to pituitary abovetuberculum sella¢9%)
c) postfixed - chiasm behind pituitary abovedorsum sella€11%).

Normal chiasm Prefixed chiasm Postfixed chiasm
TS
AC,
OC \ 4 b,

pituitary

1 further expansion compromiseencrossing fibers affects lower and finally upper
nasal quadrants.
i e.g..

T asymmetrical loss results frooniasm ischemiproduced by vessel occlusion.

T unilateral mass located anterior to postfixed chiamay produce central scotoma in
one eye + upper outer quadrantanopia in contralateral eye (dae Willebrand's
knee- looping of crossing fibers in proximal segment of optic nerve oppegie of
their retinal origin)i so calledJUNCTIONAL SCOTOMA

Any form of temporal field defect, even if monocular,
can result from chiasmal compression

T some tumors affect only macul amayllei ber s
missed on routine screening fBomal guantiative visual field testing is important in
all caseH!).
1 other findings optic discatrophy (generally horizontalriented, i.e. bowie), dropout
of nerve fiber layer in nasal retinass of central visual acuitigss of color vision,
visual field defects.
N.B. papilledema iexceptionalseen only irpituitary apoplexy.

lateral extension intoavernous sinusY d i p bpoithaimaplegias and postganglionilorner
syndrome.

hypothalamic compression(e.g.hyperprolactinemig, diabetes insipidus, alterations in

consciousness, @mory, intake of food and wajer

*if serum prolactin>90-2 0 0 E pyolattinoma is more likely!

extension intsphenoid sinusY CSF rhinorrhea ( & 0 . 5 %cortical bans Separating sella
from sphenoid sinus is quite thin in normal individuaisay occur as prolactinoma shrinks with
medical treatment.

compression of' 8v e n t r bbstiuaive Wydrocephalus

basal forebrain abnormalities (personality changes, dementia, anosmia).

temporal lobeseizures

1 pituitary adenomas magnlargeduring pregnancy(esp. prolactinomas); sudden hypotension during

delivery may cause ischemic stroke (apoplexy).

DIAGNOSIS

N.B. pituitary adenomaalmostnever have calcification®!

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)

1) high resolution MR|Level 1) is recommended as teandard for preoperative assessmertiut

may be supplemented wi@ir* (Level Ill) andfluoroscopy(Level III).
*thin-cut CTfor sphenoid septal anatom@TA for vascular anatomyuatenergy CT
to discriminate between pituitary adenomas and meningiomas with a sensitivity of
90.9% and specificity of 100%



2) while there are promising results suggesting the utilityl&f spectroscopy, MR perfusion, PET,
and SPECTo evaluatehistology and characteristics there isnsufficient evidencgo make
formal recommendations.

3) while promising results are available pertainingpigh-resolution MRandproton density imaging
as tools of assessimgvernous sinus invasionthere ignsufficient evidenceo make a formal
recommendation

4) while promising results are available pertainingé¢ofusion and gradient echo imagisgjtools for
assessingumor vascularity and hemorrhage there isnsufficient evidenceo make a formal
recommendation

SKULL X -RAY

- limited use.

1 ball oon pituitary fossa Y asymmetr.i
frontal projection- one side of fossa is deeper than gther
lateral projection-t wo mor e or | ess parall el l' i nes t

POSTERIOR
CLINOIDS

SPHENOID
SINUS

"DOUBLE FLOOR"

Figure 2—10. Diagram of localized expansion of the sella turcica, which produces
“double floor"" when seen in lateral view.

< Q*k o - » FIG. 25-2. Abnormal sella turcica.v:y;
[ W This patient had a pituitary neoplasm.

FIG. 25-1. The sella turcicais well - ¢
seen on this lateral view of a plain The sella is enlarged and partially de-
skull radiograph. stroyed.

CT

(thin-section direct coronal planayith bone windows)
1 are easily detectechyperdensenass within enlarged pituitary fossa.

1 may miss small (appear abypodensestructures, VSMACROADENOMAS).

W Figure 26—1. Above, CT scan of transverse plane of skull at level

i§ of pituitary fossa, revealing enlargement of sella caused by an
expansile pituitary adenoma (arrow). Compare its size with trans-
verse dimension of brain stem (double arrow). Below, Computer
reconstruction of the same tumor in sagittal plane (arrow). It has
bulged out of sella turcica, producing a moderately enlarged supra-
sellar mass. (Courtesy of Dr. Calvin Rumbaugh, Department of
Radiology, Brigham and Women's Hospital, Harvard Medical
School.)

Dual-energy CT (utilizes highfrequency cycling of high/low voltages to improve the quality of the
CT image$ - candiscriminate betweepituitary adenomasndmeningiomaswith a sensitivity of
90.9% and specificity of 100%

MRI
- gold standardnore sensitivenethod fortumor identification (esp.-inm cuts and magnified views
through selld pituitary protoco) - investigation of choice far detection!!!

NormalNEUROHYPOPHYSISON T-MRI showsincreased signalrepresenting neurosecretory granules
in ADH-containing axons).
9 infundibulum is the most enhancing portion.

NormalADENOHYPOPHYSIS

1 isointense witlgrey matteon all MR sequences.

1 circumventricular orgawithout BBB - enhances homogeneously (punctate areas of heterogeneity
local variations in vascularity, microcyst formation, or granularity), strongly and rapidhjirf 30
minutes of gadolinium infusign




\

Normal pituitary gland size and configuratiare highly variabléesp. in women of childbearing age
or pubertal girl§ normal hypertrophy of gonadotrophs
N.B. great care must be exercised in diagnosisiof on MRI
basis without associated evidence of hormonal abnormality.
i in neonatal periodoth anterior and posterior lobes are hyperintense and pituitary gland is
bulbous in shape.
I duringadolescence and pubettyere is significant physiological hypertrophy (in girls upper
surface is convex, giving gland almost spherical shape on sagittal-vilwsot mistake for
mass).

Schematic diagram &fIRI OF NORMAL PITUITARY FOSSA : pituitary is bordered laterally by cavernous
sinus, which contains internal carotid artery and cranial nerves lll, 1YW, and VI; optic chiasm
lies immediately above pituitary gland.

Supraoptic Recess

Hypothalamus

Optic Chiasm

Suprasellar
Cistern

Pituitary Stalk

Sphenoid

Bone —— Temporal Lobe

Internal Carotid
Artery

Pituitary Gland Sphenoid Sinus

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
discussions and recommendatians highlighted below.

MICROADENOMAS:

1 unenhanced MH§ not helpful only someMICROADENOMAS have different signal intensity to
normal gland.

1 standard MRprotocol for investigation of microadenomak-mm thickcoronal T1 spinecho
sequences through pituitary gland before and &ft&xADOLINIUM ;

i additional images isagittalplane are performed in maognters
I desirable to perforrfat-saturated Tlequencé¢fat-suppressed imagingkliminates high
signal from fatm clivus and clinoid processeso(ld be mistaken for enhancement

1 adenomas alwayanhance less than normal pituitary glafiiypodense area also can represent
ischemic stroke in tumar)

1 normal pituitary gland is most often displaced superiorly and posteriorly by adenoma
displacement of normal pituitary in other directions can suggest other pathology

I thereisammssoci ati on between the : :fibright stalkbo

T normal pituitary stalk is of relatively low intensibut can be bright when compressed by
tumor.

i stalk compression/deviation or bright stalk ac¢always associated with elevated
prolactinexpected of stalk effect.

1 accuracy can be increaseddynamic pituitary scanseries of rapid images with 105 s time
intervals for about 3 min following gadolinium IV bolusjlifferencesin time course of
enhancementetween agnoma and adjacent normal gldndery useful in detecting
microadenomas!

N.B. MICROADENOMAS enhanceéater and/orlesserthan normal pituitary tisslie
1 other indirect MRI signs:
1) gl and heighty (normally < 10 mm)
2) gland upper margin contour alteration from concave or straight to convex
3) erosion of sella turcica floor adjacent to hypointensity area
4) displacement of pituitary stalk (normally midline) away from hypointensity area.

Most MACROADENOMAS enhancestrongly and uniformly .

i surgeons can predict the consistencgagnoma from T-MRI: the more hyperintenghe
adenoma, the softer the tumor

i should see posteriorly compressed brightly enhancing normal pituitary (if not, suspect
hypophysitis).

i low-density areaswithin mass may represegystgnecrosis/strokgtumorwhich enhances
only peripherally or not at all may lbecrotic

i if entire sellar contents are of low density, search for infundibulampty sellds much
more likely diagnosis than completely cystic pituitary macroadenoma!

i hemorrhagesappear abigh-intensity areas(besti gradient echo [GEmaging.

1 suprasellar extensions easily demonstrated iroth coronal and sagittal images (N.B. lesions
starting in sella, tend to enlarge sella amehtextend suprasellarly; vs. suprasellar lesions
extending into sella do not enlarge sellso sellar lesions tend to displaskindibulum to one
side.

i visual field loss is significantly correlated with the height of the chiasm and the tumor as
well as optic nerve hyperintensity on T2 images but not with optic tract edema

1 itis more difficult to be sure abogavernous sinus invasion no imaging techniqueanperfectly
visualize themedial cavernous sinus wall

i displacement of cavernolSA segmentay occur without tumor invasion into cavernous
sinus.

i abnormal signal intensity laterab cavernous ICAegment, indicates invasion into
cavernous sinus.

i 3 Tvs 1.5 Tyields superior sensitivity (83% versus 67%, respectively) and specificity
(84% relative to 58%) in terms of correlation to surgical findings of cavernous sinus
invasion

i volumetric interpolated breatiold examination (VIBEsequence may offer superior
image resolution of tumanvasion of the cavernous sinus (eliminatabtle patient motion
related to respiratory effort)

i proton density weighted MRs highly sensitive and specific for predicting tumor invasion
of the cavernous sinus.

I class lll data suggests that multiple microcysts on T2, cavernous sinus invasion, lobulate

appearance, and sizet® mm are associated with silent corticotroph adenomas

I normal pituitary between adenoma and the cavernous ¢inasi mo s o rg-arfenake r i
enhancemenj can exclude sinus invasion.

i asymmetric dural enhancement of tentorialong the posterior portion of the cavernous

sinus is associated with increased likelihood of sinus invasion and thought to be related t

venous congestion secondary to tumor mass


http://www.amazon.com/gp/product/141605233X
http://www.amazon.com/gp/product/141605233X

i Knosp grades 04 - the extent of parasellar extension relative to ateotid lines drawn
through the intracavernous carotid on a coronal MRIigh Knosp grades are associated
with increased likelihood of sinus invasion

1 bone invasion magnetic susceptibility effects at the skull base (air vs bone) render riatmal
suppression techniquésss effective, making it more difficult to assess involvement of the bony
structures around the sella

1 signal intensity otMRI CISS sequencas associated with tifi@mness of tumor; DWI may also
be helpful but results of studies are conflicting.

1 MR perfusionstudies provide information regarding tunvascularity.

DIFFERENTIAL DIAGNOSIS

MR spectroscopy

1 technically challengingvithin small volumes such as the sella and is very sensitive to magnetic
susceptibility effects due to the surrounding bone

pituitary adenomas often showholine peak

both hypothalamitiamartomasandgliomasexhibit decreased{dcetyl aspartate (NAA),

however, hamartomas are characterized by increased myoinositol while gliomas show increaset
choline accumulation.

9 craniopharyngiomasandgerminomasboth show dominant lipid peaks

1
1

-

Contrast TIMRI i MACROADENOMA : adenoma (A) enhances; tumor displaces carotid arteries latgrdalbk arrows) Al

segments of anterior cerebral artefihite arrows)and chiasnfarrowheadsyrape over mass.
=i Al €

Contrast MRI- MICROADENOMA (arrow):
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Source of picture: Mar t i mded (200®;ChulrchilfLivingst@e, ino;ilSBEB] 9780443005452 >y 0 , -

Contrast MRI- MACROADENOMA (tumor extendsut of sella into hypothalamus):

Source of picture: Mar t i mded (200®;ChulrchilfLivingst@e, ino;ilSBEB] 9780443005458 o>y 0 , -

MICROADENOMA - hypodensedrrows) 9 mm in diameter involving right side of pituitary fossa displacing gland and stalk

to left:
o

Source of p icture: Vincent T. De Vi t a "edr(1997ji GppincoteWilliamsPrWilkins;i p | e
ISBN-13: 9780397584246 >>

MICROADENOMA (prolactinoma) - hypodense lesiorafrowhead; slight depression of sella floander tumour:

A had o ¢

Source of picture: Ronal d G. Grainger, David J. All i ggdmgGr
4t ed. (2001); Churchill Livingstone, Inc.; ISBM3: 9780443064326 >>

Dynamic coronal TAVRI;

A) scan at 90 s following injection of gadolinium reveals microadenameawhead, which has enhanced to lesser
degree than surrounding normal pituitary tissue.

B) after 4 min enhancement is similar to rest of gland.

Source of picture: Ronal d G. Grainger, David J. Al | i gad mgfGr
4 ed. (2001); Churchill Livingstone, Inc.; ISBMB: 9780443064326 >>

Contrast TIMRI: > 1 cm intrasellar mass; note tumor expansion into sphenoid sinus, extension into suprasellar cistern
with partial compression of optic chiasarifows):

X L

Source of pictur
ISBN-10: 0-397-5842%0 >>

Joh .n H. Juhl i P & ed. (1998); dippihcoth Wilfiasns EWilkirsn t i a |

ProlactinsecretinguiICROADENOMA : T1-MRI with contrast hypodense lesion in left pituitary; upward convex margin of
left lobe of gland, indicating focal expansiariow):


http://www.amazon.com/gp/product/0443066957
http://www.amazon.com/gp/product/0443066957
http://www.amazon.com/gp/product/078172340X
http://www.amazon.com/gp/product/078172340X
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0397584210
http://www.amazon.com/gp/product/0397584210
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Source of picture: John H. Juhl #Pded (1998)dipphcoth Wiliasns EWilkiresn t i a |
ISBN-10: 0-397-584210 >>

MACROADENOMA (contrast TIMRI) - invasion of left cavernous sinasumor vhite arrow) surrounds left internal carotid
artery and sinus appears expanded; normal enhancement of uninvolved right cavernous sinus although tumour encroa
under supraclinoid portion of right internal carotid artdrla¢k arrowheadt

b o G T
Source of picture: Ronal d G. Grainger, David J. Alli ggdmgGr
4 ed. (2001); Churchill Livingstone, Inc.; ISBM3: 9780443064326 >>

GH-secretingnACROADENOMA with left cavernous sinus invasion (MRI without contrast) convex outward margin of
left ca i ; left internal carotid is elevated:

Sour ce of pictur ev: John H. Juhl i P ded. (1999); dippihcoth Wilfiasns EWilkirsn t i a | ¢
ISBN-10: 0-397-584210 >>

A) CT with contrast MACROADENOMA with suprasellar and parasellar extension.
B) MRI with contrasfollowing bromocriptine therapyshows marked decrease in tumor size such that infundibulum and
optic chiasm are decompresgadow).

3 4

N
‘e 4
F.:\“ \

A) MRI - MACROADENOMA filling sphenoid sinus and extending int§ @entricle floor.

B) suprasellar component compressing optic chiganow).

C) following gross total resectiothrough extended frontal craniotominfundibulum is well decompressédrrow).
no residual tumor, optic chiasm and portion of infundibulum can be clearly@eew).

o

RADIONUCLIDE STUDIES

1 someGH-secreting adenomdand somerolactinomapexpressomatostatin receptorst*in
octreotide uptakehas place in:
a) evaluation of incompleteumorresection due to involvement of adjacent
structures.



http://www.amazon.com/gp/product/0397584210
http://www.amazon.com/gp/product/0397584210
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0397584210
http://www.amazon.com/gp/product/0397584210

b) identification which patients may responddorREOTIDE therapy.

PET

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)

utility is limited and is not routinely used in standard practice

1 18(F)FDG PET detects pituitary adenomas with a sensitivity of 9400% and a sesitivity of
88%-100%

1 [11C]-L-deprenyl PET may facilitate discrimination of meningiomas fradenomas.

SPECT

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
diagnostic utility remaisunclear.
1 SPECT usingodinated dopamine D2 antagonist Sj iodobenzamide (IBZM) or similar
compounds demonstrated that D2 receptors in pituitary adenomas can be visualized using SPE
1 Technetium99m-hexakis-2-methyoxy-isobutyl-isonitrile SPECT can discriminagdenoma
from normal pituitary gland.
1 99MTc(V)-DMSA is actively taken up bgdenomaselative to ¢her sellar/suprasellar lesions.
1 radiolabeled somatostatin or dopamine can potentially differentiate hormone producing from
nonfunctioning pituitary adenomas and identify patients who would benefit from pharmacotheray
although the clinicaleasibility of this is unclear.

ANGIOGRAPHY

1) to exclude aneurysittl (lethal surgical cases described!!!)
2) surgical panning

NEURO-OPHTHALMOLOGICAL EVALUATION

- accurate mapping of visual disturbaniesportantfor every patienprior to surgery.

1 in addition to formal ophthalmologic examination, tests of value indutlamated static
perimetry andoptical coherence tomography (OCT)

1 often, patients with obvious chiasmal compression may not be aware of visual loss, discovered
only on quantitative ophthalmic assessment

1 relative position of the chiasm may influence the incidence of visual field defects, with a decreas
frequency of visual deficits occurring in patients with an anatomigatlfixed optic chiasm

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
Level 1l Recommendation
1 pretreatment evaluation by aphthalmologisis recommendedisymptomatic visual deficits due
to the ophthal mologistdés ability to quant.i:t
(quantitation of afferent pupillary defect and visual evoked potentials [VEP]), and anatomical (dis
appearance and oculemherence tomography [OCT]) assessm@éfiten paired with postoperative
evaluation, documents postoperative change.
automated static perimetis recommended for early detiect of visual field deficits
visual evoked potentialmay be used to assess the optic nerves in cases in which psychophysical
areas, such as acuity and visual fields, cannot be assessed.
1 older patientand patients witfonger duration (over 4 months) of vision Iest®ould be counseled
regarding the reduced chance of postoperative vision improvement
o formal ophthalmologic examinatiptooking foroptic nerve atrophgr optical coherence
tomography (OCT) to measure bathinal nerve fiber layer (RNFL) thickneard the
presence oflamage to the ganglion cell layisrecommended to asse$smnces of
postoperative vision improvement.
o0 anatomic assessment of the anterior visual pathwaklioptical coherence tomography
documents previous damage, showing evidence of nerve fiber bundle thinning and evidence
ganglion cell dropout with segmentation analysis.

E_ |

EVALUATION OF PITUITARY FUNCTION

(sensitive radioimmunoassays) in all patients!
N.B. guard againstortisol insufficiencypostoperatively.

All endocrine axes + prolactin should be checked in every patient!

Hormone Laboratory Test
TSH TSH, free Ts
Male: testosterone
LH/FSH Female:estradiol, progesterone
All: LSH, FSH

Morning ACTH

Fasting AM cortisol
ACTH . .
24-hour urine free cortisol

Dexamethasone suppression test
Morning GH

GH SomatomedirC

IGF-1 (reflects GHconcentration
over the preceding 24 hoiirs

Prolactin Prolactin

High prevalencé€37-85%)of hypopituitarism in patients with NFPAs.

1 inferior petrosal sinus samplingis used to localize tumors not seen radiographically (e.g. many
ACTH-secreting microadenomase< 5 mm).

1 central hypothyroidismis typically confirmed by théhyrotropin releasing hormone stimulation
test, in which serum TSH is measured serially ppRH at 20 and 60 minutes, with a normal
response defined as the-20inute TSH value being higher than therhute TSH value. A flat
response is seen in pituitary disease, and delayed response, witmthrei@value higher than the
20-minute value, is seen in hypothalamic disease.

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
1 NFPA may present withypopituitarism (37-85%, esp. GH deficiencyr pituitar y stalk
hyperprolactinemia (25-65%,with a mean level of 39 ng/mL and with a minority of patients
exceeding a serum prolactin level of 200 ngymL
91 level Il recommenadation: routineendocrine analysis of all anterior pituitary axegrolactinto
assess for hypopituitaris(prolactin and IGFL arealso valuable to assess for hypersecretion
states that might not be clinically suspegted




1 no evidencesupporting routindiomarker testinde.g., alpre-subunit or chromogranin Ayas
available

Although not widely usedthromogranin A (CGA) has also been assessed as a potential biomarker
for NFPASs. In a prospective casentrol study by Gussi et al, 3 of 27 patients with NFPAs had
elevations of serum CGA at 576, 143, and 241 ng/mL, respectively. As the authors acknowledge, tt

low prevalencef CGA elevations in the NFPA population makes its utility as a sensitive biomarker
less reliable

Prolactin

fserum prolactin | evel is perhaps the most i
treatment course the ability to distinguish between a prolactinoma (for which medical therapy
represents firsline therapy in most patients) and an NFRi#h hyperprolactinemia caused by the
pituitary stalk effect (a surgically treated disease for most patients) is a critical one

1 nonsecreting tumo@e commonly associated wishght elevations of serum prolactin(< 150)

I STALK SYNDROME (compression of pituitary stalk, interrupting dopaminergic fibers that inhibit
prolactin release) must be distinguished froprolactinsecreting tumorbecaus&ROMOCRIPTINE
has little or no effect on nonsecretory tumors.
*some studies indicate different thresholds beyond which stalk effect is unlikely:
> 94.3 ng/mL
> 85 ng/mL in the absence of renal failure or any prolaatimancing drugs +
prolactin increment less than 30% followithyrotropirreleasing hormone.
Be vigilant to prescriptiofirecreational drugs that interfere with normal pituitary function!

1 hyperprolactinemia is seen in-B5% of patients with histologically verified NFPAs, with a mean
level of 39 ng/mL and with a minority of patients exceeding a serum prolactin level of 200 ng/mL

1 be aware ohook effect(s. prozone effeqgt- type of interference which plaguesrtain
immunoassayandnephelometric assayesulting infalse negativesr inaccurately low resulis

too much antigen (prolactin) interferes with results (H: diluting blood sample; modern labs do it
automatically):

A B C

V& LN 2N
|

Panel A: Normal sandwich elisa. The capturing antibody is shown in purple, antigen in red and
detection antibody in turquoise.

Panel B: Excessive antigen binds up sites on both capturing and detection antibodies, causing
reduced detection levels.

Panel C: If blocking antibodies are present (in orange), they compete with detection antibodies
for antigen binding. Reduced detection levels results.

Apparent response signal

Signal

in same signal

/ Lower concentration resulting

Concentration

A dose response assay illustrating the hook effect. At high concentrations of
analyte, a lower signal is observed. This shows that using this assay to
determine the concentration of analyte in a sample containing very high
levels would produce a lower signal. Since this signal normally correlates to
a lower concentration, an inaccurately low result is recorded.

Table 7.5: Correlations between Prolactin Levels and Magnetic Resonance
Imaging (MRI) Findings

Prolactin Level (ngml.) MRI Abnormality %
<25 Usually normal
25-100 Adenomas in approximately 50% of patients
100-200 Adenomas in 75%—-100%
200-1,000 Adenomas in all
>1,000 Invasion of cavernous sinuses

Table 7.6: Etiologies for Elevated Prolactin Other than Adenoma

Drugs : Metabolic Disorders — Tumors Others
I ==
Phenothiazines, Kidney failure, Suprasellar astrocytoma,  Sarcoidosis. ]
opiates, liver failure craniopharyngioma, tuberculosis, ‘
antihypertensives, chest wall tumors, histiocytosis
estrogens spinal cord tumors J
GENETIC TESTING

Not indicated in sporadic cases.
1 in 2012, Cazabat et al published their results from a prospective-sergkr observational

study- 113 patients with presumed sporadic NFPAs underwent genetic screening for germlin
mutations in the AIP geneonly 1 patient (0.9%) had evidence of an AIP mutation.


https://en.wikipedia.org/wiki/Immunoassays
https://en.wikipedia.org/wiki/Nephelometry
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1 no evidencesupporting routingenetic testingvasavailable

BIOPSY

- indicated if nonoperative etiology is suspeadedmaging(e.g. germinoma, hypophysitis).
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COMPLICATIONS

Pituitary apoplexy - can beethall
Permanent visual lossophthalmoplegia and otheneurological complications.
. CSF rhinorrhea 1 most commonlyollowing favorable response of invasive prolactinomas to
initiation of dopamine agonist therapy
- possible mechanismslecreased tumor volungdue to intrinsic infarction or hemorrhgge
ongoing invasionlCP increases
- treatmenttranssphenoidakpair

wnN e

TREATMENT

Only surgical removal can produce cure!

DIFFERENT STRATEGIES

ACROADENOMAS: are treatedurgically (except mayb@ROLACTINOMAY

VI ORI HINNOMASS.

a) prolactinsecreting primary treatment immedicalwith dopamine agonists (role of
imaging in hyperprolactinemia is mainly to exclueleCROADENOMA,; precise localization
of MICROADENOMA is thereforeless important in somecentersimaging is restricted to
unenhanced MRI).

b) other secreting adenomare treategurgically - adenoma localization by other means
(petrosal venous sampling) is therefore important if MRI is unsuccessful.

¢) incidental asymptomatic adenonraguireno interventionbut should be followed
periodically (endocrine examinations, visual field examinations, MBiiset of
symptoms or MRI documentation of growth are indications for treatment.

Goals of treatment differ according to tunfienctional activity
a) nonsecreting tumorsY reduction of maswhile maintaining pituitary function (although
complete surgical resection is desired, radiosensitivity of these tumors switesal surgical
debulking followed by curative adjuvamadiation therapy).
b) secreting tumorsY a g g r resnalizatioa of hypersecretiomhile preserving normal
pituitary function (usually byotal surgical excisiort, but SOmePROLACTINOMASre better
controlled medically)

*response to radiation therapy is slow and less predictable

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
Level Il RecommendationSurgical resectiois recommended as the primary treatment of
symptomati¢ NFPAs.

There isinsufficient evidencego make a recommendation foeatmentvs. observatiorof
asymptomaticNFPAs

Primary medical therapy showéakconsistent tumor response ratesing somatostatin analogué€b2-
40% response rateJppamine agonist theraf9-61% response rate), or combioattherapy (60%
response rate} 20% patients requedsurgery as a result of progressive clinical symptoms

*visual field deficit, ophthalmoplegia, compression of optic appamtddRI, endocrine
dysfunction (inclhypopituitarism or stalk effect causing hyperprolactingnpéuitary
apoplexy, refractory headaches not attributable to other headache syndromes, or other
neurologic deficits related to compression from tumor

Natural history with no treatment of asymptomatic NFPASs
Dekkers OM et al. The natural course of ffanctioning pituitary macroadenomasur. J. Endocrinol.
2007;156(2):217224.

1 28 patients, meaiollow-up was 118 months:
50%- radiologic evidence of tumarowth
21%- requiredoperationdue toonset of visual field deficits.

29%- spontaneousreductionin tumor volume.
Arita K et al. Natural course of incidentally found nonfunctioning pituitary adenoma, with special
reference to pituitary apoplexy during follewp examinationJ. Neurosurg2006;104(6):884391

1 42 patients, F/U4l years
40%- tumorgrowth
24%- becamesymptomatid9.5% developegituitary apoplexyover 5 years)
28.6%- underwensurgical interventiomlue to new symptoms or increasing
tumor size



SRS after O2 resections

Grogan, Dayton et al. Outcomes Associated With Stereotactic Radiosurgery After Multiple Resections
Nonfunctioning Pituitary Macroadenomas: An International, Multicenter Case Series. Neurosurgery,
November 7, 2024.

226 patients withC2 previous resections.
median margin dose was 14 @Gyedian tumor volume 3.6 cm3
probability of tumor control after SRS3.3% (Cl 95%: 89.96.9) and 86.7% (Cl 95%:
81.1-92.6) at 5 and 10 years, respectively.
1 margin dose >14 Gwas associated withcecreased risk of tumor progression
(hazard ratio = 0.33, Cl 95% = 0-0575,P = .008).
1 cumulative probability ohew hormone deficienc.1% (95% CI: 3..1), 10.3% (95%
Cl: 5.814.6), and 18.9% (95% CI: 1125.8) at 3, 5, and 10 years after SRS, respectively.
1 average latency between SRS and development of new hormone deficiencies w:
3.3 years (IQR 4.1).
1 maximum pointdose to the pituitary stalk >10 Gyas associated with a new
deficiency (hazard ratio = 4.06, Cl 95% = 1:HJ.5,P-value = .004).
SRS offers effective local tumor control and a low risk of delayed hypopituitarism!
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MEDICAL THERAPY

A. Inhibition of hypersecretian

T
T

Prolactin hypersecretiof dopami ne BROMOORIPTSNE, GABERGOLING).
N.B. increase cabergoline dosing incrementtlsivoid tooprecipitous shrinkage of
mass Y dur aC®Fdebker tear Y
ACTH hypersecretioN KETOCONAZOLE, PASIREOTIDE, CABERGOLINE
GH hypersecretiolY OCTREOTIDE, dopamine agonistsEGVISOMANT (GH receptor
antagonist)
refinements in medical treatment may allow nonsurgical treatment forisome
(esp. prolactinomas!!!) throughout life.
N.B. GH hypersecretiomandACTH hypersecretioare clear indications for surgery,
even when mass is not important.
some antisecretory medicatioten lead tumorto bedenser and more fibrotie technically more
challenging to remove during microsurgery
BROMOCRIPTINE, OCTREOTIDE may confer relative radioresistance to tumors undergdoiR§.

B. Hormonal replacememhost commonly includethyroid andadrenal hormones.

SURGERY

- best way to definitive diagnosis and is usually curafis=

See als@raniopharyngiomaspects

POSTOPERATIVELY T REGIMEN AND COMPLICATIONS

T
T
T

= =4

mortality < 1%
major complications (stroke, visual loss, mening@SF leak, cranial palsy) < 3.5%.
surgery often improvegsion (overhours+ years) relieves headachetc
9 visual deterioratior(2.0%)
nasal packsfor 3 days; concomitantlsibx (to prevent toxic shock syndrofinanalogy with
vaginal tampons) Ancef/ Keflex/ Clindamycin, aline nasal spray every2hours while awake
phenylephrine nasal spray qBiRRN epistaxis
1 some experts prescriBeJGMENTIN for 14 days.
HYDROCORTISONEt aper per endocrinology recs [/ rapi
25 mg q 2D g +510Infy (discharge on this dose)
meningitis(2.0%)
olfactory dysfunctior{anosmia, sinusitis, empty nose syndroindepends on approact:


http://www.neurosurgeryresident.net/USMLE%202/Endocrine%20system,%20metabolism%20(2701-2800)/2738.%20Anterior%20Pituitary%20Disorders.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op305.%20Transsphenoidal%20Pituitary%20Resection.pdf
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op305.%20Transsphenoidal%20Pituitary%20Resection.pdf#Optic_complications_of_surgery
../Op.%20Operative%20Techniques/300-399.%20Cranial/Op305.%20Transsphenoidal%20Pituitary%20Resection.pdf#COMPARISONS
../Op.%20Operative%20Techniques/300-399.%20Cranial/Op305.%20Transsphenoidal%20Pituitary%20Resection.pdf#COMPARISONS

1 cavernous sinus inflammatigfrom tumor resection, sella packing, fracture, hematoma, residual
tumor, infectionf d el ayed ocul omotor pal sy; LP to rul

CSF leak(4.7%)
1 prevention: HOB 3045 all the time, no straws, no nose blowing, no strajmogsneezing with
closed mouttior 1-2 weels.

71 if haslumbar drain 1 keep it clanped until nasal packsarequi f st i 4 | | e
explore:repack sella and potentially sphenoid simuge out HCP as cause of peristent
CSF lealy.

signsmay be subtle: postnasal drip, orthostatic headache.

diagnosis beta2transferrin,CT (pneumocephalus); to localize leakject through LD

Omni paquaeyelogralCTor fl uorescein (Y endoscopy)
{1 treatment:

= =4

1) HOB up

2) drainLD at10 cc/hr
3) Diamox

4) surgical repair

5) shunting

Diabetes insipidus

1 monitor: strict Is and Os, BMP and urine spec ga®ID and PRN
N.B. DI may occur even intraoperatively!

1 diagnosis

1) urinary output > 30@c/hr x2 consecutivéaoursor > 250 cc/hr x3 hrs

2) urine spec gravity < 1.005

3) Na persistently > 145

{1 treatment:

1) patient must have easy access to drinking watautecope with high urinary
output

2) if patient cannot keep 1&0s eveéh DDAVP 1 mcg q12HV PRN as it may be
transient,Dr. Sahnigives DDAVP liberally;if DDAVP required for > 5 days,
transition to scheduled 0.5 mcg q12hr subQ and then intranasal if ENT clears
for that- permanent diabetes insipidappears in 0.1% (microadenomas) or 1
5% (macroadenomas

ATriphasic responsed:
phase 1 injury to pituitary reduces ADH levels foc8 daysk DI
phase 2 cell death liberates ADH forc® daysk transient normalization or SIADH
like water retentionNB: if inadvertently continuing vasopressisignificant
hemodilution andenal shutdownavoidcentral pontine myelinolysigy correcting
back < 10 mEq/L/24 hrs)
phase 3 absent ADH secretiok DI

Most patientafteruncomplicated transsphenoidal surgery can be managed with a single dose of
DDAVP!

ENDOCRINOLOGICAL FOLLOW -UP

1 close monitoring ohormonal statuat least thyroid and adrenal function) at frequent intervals (at 3
and 6 mo, and yearly thereaftereplacement hormonal therapig usually require@nd
adjustments continue even years later.
often can be removed without dage to normal pituitary tissue!
Dr. Broaddugprefers endocrinology consult postap. Hollowayi only if patient was not
seen by endocrinologist preoperatively.
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Level [l Recommendations

i postopeative serum sodium levelsn thefirst 2 daysand ondays %8 is recommended to prevent
symptonatic postoperative hyponatremiagufficient evidencgo make a recommendation on the
detection and treatment obgtoperativediabetes insipidys

1 evaluation ofadrenal functioron postop day 2, 6 weeks, and 12 months atiggery is
recommended.

9 perioperativecorticosteroid supplementatigmrecommended for NFPA patients witreoperative
or immediategpostoperative(day 2) hypocortisolemia.

1 postopeative endocrinologic followup in patients witthormal pituitary function beyond 1 yeisr
not recommended.

1 indefinite endocrinologic followupis recommended in all patierd&er radiotherapgr with
abnormal pituitary functioafter surgery

Level Inconclusive Recommendations

1 There is insufficient evidence to make a recommendation ctetieetion and treatmeat
postoperativeliabetes insipidugDl).

1 There is insufficient evidence to make a recommendation regardifigtjuency of endocrinologic
follow-up evaluation after surgery or radiation therapy.

OPHTHALM OLOGICAL FOLLOW -UP

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
Level Il Recommendations
1 ophthalmologic followup aftersurgical / radiatiortherapy for NFPAs is recommended
(insufficient evidenceao make a recommendation on the length of time for this surveillance and th
frequency.

| MAGING FOLLOW -UP

1 MRI same night andat 3 months; then annually for 10 ye&rso recurrence can be detected early
and, while small, can be treated with radiation, thus, avoiding redo siiiyetyolloway).
*some surgeon®r. JRC, Holloway skip immediate postop MR&s it
does not changanything, plus, blood and grafts in sella mask pigture
but Dr. Broaddugloes always want it
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Level [l Recommendations

1 MRI with fat suppressicnis recommended for followp after surgical or radiation treatment.

1 first radiologic study to evaluate the resection extemst be3-4 months after surgeiiinsufficient
evidencgo make a recommendation regarding the timing of initial radiolodicvieup after
radiation therapy, immediate postoperative radiographic studies may be misleading in determinin
the amount of tumor residual

9 radiologicsurveillancenas to beong-term (insufficient evidencéo make a recommendation on the
length of time of surveillance and its frequency

9 gross total resectiorof NFPA requiresess frequentadiologicsurveillancehan subtotal resection.

*to distinguish hemorrhage, fat graft, and the posterior lobe of the
pituitary gland

Acromegaly



\

1 potential for the recurrence of high I@dFnmany years after achieving control, sometimes with
stable or absent tumor remnant, suggests the need for ongoiAgtonmonitoring of IGFL
levels.

1 no patiens with a normal IGFL index had evidence of tumor growtthe vast majority of patients
who have longerm normalization of IGR and stable structural disease do not seenqtores
routine pituitary imaging pituitary MRI could be reserved for patients who exhileitvelevated
IGF-1 after some period of tumoral stabil{preventaunrecessary exposure to gadolinium)

RADIOTHERAPY

A. RadiosurgeryT historically,only if distarce from optic chiasm is > 10 mm; modern apprdach
enoughO 1 mm from .optic apparatus

B. Stereotactic fractionatedi can radiate even ttimor contacts chiasfmax fraction dose is 1.9
Gy); delivers radiographic and functional outcomes similar to those seeSR@8Hutatency is
longerwith more frequenside effectge.g.risk of hypopituitarisms significantlyhigheras
comparedo SRS).

C. Conventional fractionated (45 Gy in 25 fractions of 1.8 Gy, calculated at 95% isodose line
provides longterm control in75-90% cases).

Studies of radiation therapy as a primary treatment method have not shown superiority or equivaler
to surgical resection of NFPAs.

General rule: radiotherapy is indicated when surgery is not an option.

(radiotherapy is normally adjunctive to surgeintp control hypersecretion* and / or tumor mass
a) residual tumoafter subtotal resection (esp. widely invasive ) - single

sessiorSRSprovides growth control and lortgrm endocrine control that is superior to that
of repeat resective surgery
It is ok to hold off on radiation for residuaimor (only25% will progress and only/7-

21% will ever need treatment):
* GTR
— Probability of recurrence after 5- and 10-years was 3.9% and 4.7%
— Probability of requiring treatment for recurrence was 0.79% and 1.6%.
« STR
— 6(9.5%) received early post-operative radiation and did not progress
— 57 (90.5%) were observed.

* Probability of disease progression at 5- and 10-years was 21% and 24.5%
« Probability of requiring additional treatment for progression was 17.5% and 21%.

b) cavernous sinus invasithh

c) recurrencdi f previously received adjuvant r ad
receive radi ot her aspngle s¥siaBRIpiovidessgtowthn control and o \
long-term endocrine control that is superior to that of repeat resective surgery

d) not surgical candidatébut histologic confirmation is generally desired!)

e) not benefited front intolerant topostsurgicamedicalintervention.

*Gamma knife is less effective thannventional radiotherapy (higher
remission rates, no recurrences described)Gamma knife carries
lesser chances of panhypopituitarism

Benign tumor as a target for SRS

1. Well circumscribedargets without infiltration

2. Easily viswalized with sharp delineation

3. Slow growth rate makes high dose single fraction treataesitable over fractionation (but
late complications have time for expres$ion

4. Goal of SRS: accurately deliver adequate
the prescribed argae. provide the highdsotential for growth control anabrmalization of
hormone productior minimize the risk of cranial neuropathjes

METHODOLOGY (SRS)

Highly conformal dose planis needed to spare the optic apparatus as well agaraning
normal pituitary gland!

Optic considerations see

Pituitary considerationi see

Tumor control
Minimal tumor margin dos&2-16 Gy for nonfunctioning, double 80-35 Gy) for functioning.
T minimum margin dose of 12 Gy is generally coesatl a safe tumor control dose.
1 doses of at least 15 Gy to ensure reliable and early tumor growth control may be prescribed whe
distance from the tumor margio the optic apparatus allows.
N.B higher doses are needed for biochemical cogorhe investigators suggest up td 30
Gy to center, > 20 Gy to 50% margin isolwhenever possible for treatirsgnall volume
secretory pituitary adenomsSRS has better chances of biochemical cothan
fractionated XRT.

Cavernous sinus involvement

1 microsurgery anédbRSare often utilized in @lanned staged mannamitial first stage
extracavernous microsurgerto reduce the tumor volume and create space between the tumor ar
the optic apparatus, thus allowing safe delivery of the highest d&@®RSgossible

1 BROMOCRIPTINE, OCTREOTIDE may confer relative radioresistance to tumors undergdRig-
many clinicians suggest stopping these agétsveeks prior tcSRS andestartl week afteiSRS.

1 long acting drugs (e.@LOwW RELEASE OCTREOTIDE) should be discontinued 8 months prior to
SRS.

OUTCOMES

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
assessment of the efficacy of radiation therapy in the primary treatment of NFPAs iq@parisk of
tumor progressiomndradiation-induced hypopituitarisrare major disincentives)

Gamma Knife results in published series:

decreasdn tumor size | 38-85% (at 10years)
stabletumor size 26.7-62%

increasein tumor size | 13.3%

Unlike surgical resection, which eliminates the tumor on subsequent neurointbgingoplastic goal
of SRS iISPERMANENT TUMOR CONTROL- a tumor, which has been enlarging, is made incapable of
further tumor growth, and this control is confirmed througigiterm neuroimaging follovup.
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1 while permanent stabilization of tumor size is the desired goal, the majority of tumors will
demonstratearying degrees of tumor shrinkagever time.
9 tumorgrowthcontrol succes®4-95% cases at 5 yrs, -B5% at 10 yrs

Radiation therapy is less effective in controlling endocane=RsECRETIONalthough reported

success i129-82% of caseswith SRS vs. 310% with surgery

1 normalization of hormone secretion requires time (median time to normal 1.09 yrs; cumulative
normal 86 % after 3.4 yrs)

1 normal vision can be achieved by irradiation alone in 2/3 patfeat®mergency radiotherapy is

an option even with visual changes if surgery is not feasible).

control rates: ACTH > GH > prolactin

GH levelsdecrease only at rate of-B0% per year (several years may be required for levels to

normalize!).

= =4

Time toendocrinologiaemission is 12144 months
1 ideal situation small target volume sufficiently far from optic chia¢tm avoid radiatioAinduced
optic neuropathy

COMPLICATIONS

1) hypopituitarism (risk 12100% for fractionated XRT26% (0-39%) for SRS may develop
after years (largely correctable by hormone replacement thepgtients treated for pituitary
adenomas should be observed by endocrinolagrisemainder of their lives); safe dose to
gland is < 15 Gy, to stak 17 Gy.

2) optic chiasm radiation injury (risk 1-2% for fractionated XRT4% risk for permanent cranial
neuropathy with SRS:sgecially sensitive in acromegaly optic nerve neuropathy and
ophthalmoplegia optic structures should be decompressed before radiation therapy!

3) temporal lobe injuries (infarctions, temporal epilepsgognitive dysfunctionsi due to
radiation shifted away from optic apparatus

4) radiation-induced brain tumor - risk is small (1.3% at 10 years and 1.9% at 20 years).

5) cerebrovascular injury.

2)-4) complications do not occur with Gamma knife

1 with Gamma knife, only 380% tumas demonstrate shrinkage posioRS is not good for
decompression.
1 no dose limits to carotid artery (but avoid hotspo®5 Gyon it).

CHEMOTHERAPY

1 invasivepituitary adenomas may responadrmozOLOMIDE.

ALGORITHMS ACCORDING TO HORMONE

ACROMEGALY

Role of Radionuclide Scaiis

Acromegaly
Surgery Somatostatin agonists
Remission | «—1 & | Failure

'

Regular follow-up —™ | Recurrence

Y

Growth-hormone-receptor antagonists

¢ No

Remission F——— Small target volume

Low levels of hypersecretion
Distance to the chiasm

Yes

Regular follow-up |<—— Stereotactic Fractionated
- b radiosurgery radiotherapy

Cushing disease

¢

Surgery

Remission | = | - Failure

Regular follow-up — | Recurrence

Y

Small target volume
Distance to the chiasm

- [

Stereotactic radiosurgery Fractionated
radiotherapy
L Anticortisolic drugs
Bilateral
Regular follow-up |[=—  adrenalectomy
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Prolactinoma

:

Dopamine agonists l
Bad tolerance Regular
Resistance follow-up
PSR Surgery
Failure |- I = [ Remission

Small target volume
Distance to the chiasm

s | e

Stereotactic Fractionated
radiosurgery radiotherapy
PROGNOSIS

very favorable prognosis (success of surgical intervention).

recurrence is possible only if resection is incomplete.

after surgery for NFPAvisual functionmproved in 7591%, hypopituitarismimproved in 3550%,

new hypopituitarisndeveloped in 12%f patients

i Dekkers et al (2007) showed that visual acuity improved significantly within 3

months of transsphenoidal surgery; further improvemexstseen 1 year
postoperativelythe beneficial effects of tumor decompression can be seen in a
delayed progressive fashijon

E g

NATURAL HISTORY WITHOUT TREATMENT

See above

TREATMENT OF RECURRENCE / RESIDUAL TUMOR

1 recurrence after initial resectia®m44-75% within 10-years.

1 OK to watch; if starts growing linear growthi can calculate when will reach optic chiasm.
Surgery 1 1% choice

Radiotherapy i fractionated (esp. if tumor touches optic chiasm$yRS

{ invasive or imagingegativefunctioning adenom#ollowing failed resectiory  tole-sellar SRS
can offerendocrine remission

N =

Guidelines on the Management of Patients with Nonfunctioning Pituitary Adenomas (CNS 2016)
adult patients with recurrent or residual NFRPecurrence after initial resection has been noted to be
as high as 44%5% within a 10year period of time
Level Il Recommendations
A SRS(12-20 Gy) andradiotherapy(fractionated 454 Gy) are recommended to lower the risk
of subsequent tumor progressigwcal tumor controD90% at 5 yeajs
A no or only small residual intrasellar tumpostoperatively serial neuroimaginis
recommended.
Level Il Recommendations
A repeat resectiois recommended fasymptomatiaecurrent' residual NFPAs; ifepeat
resectioi s t oo r orsakigtionYher§R S
A assessment of NFPA proliferative index and ACTH stairfiagdentify silent corticotrophic
adenomasare recommendedisk of adenoma progression and the benefit of earlier adjuvant
radiation.

PITUITARY CARCINOMAS

- extremely rare!

1 despitehighly invasive characteristics, rapid growth, and anaplastic featuséspgy is almost
indistinguishable from adenomaiagnosis confirmation needsstant metastases

EMPTY SELLA SYNDROME

i arachnoid herniation through incomplete diaphragma séllagg | obul ar sel | a e
discernible hypophysis (gland is flattened on sellar floor)

ETiOLOGY

1. Primary (congenitally incompetent sellar diaphragm)
2. Secondaryi after.

1) transsphenoidal surgery

2) radiotherapy

3) pituitary apoplexy

4) involution of silent pituitary tumor

5) benign intracranial hypertension

CLINICAL FEATURES

1 no endocrine/ visual/ neurologicdisturbancegbut hypopituitarismmay be present).
Chiasm herniation inside sella does not cause visual field defects!

1 typical patient female (> 80%), obese (75%), hypertensive (30%) with benign intracranial
hypertension (10%) andSFrhinorrhea (10%).

1 occasionally, patients have small coexisting secreting pituitary tumors.

DIAGNOSIS




PITUITARY TUMORS Onc26 (9

MRI - enlarged pituitary fossa filled with CSF; infundibulum is seen extending down posteriorly to
lower part of fossa (thereby excluding cystic tumor).
1 on plain radiography, cannot be distinguished from sellar enlargement by tumor.

TREATMENT

- no specific therapy is needed for empty sella alone.

PITUITARY APOPLEXY

- eitherhemorrhag®r acute ischemiaf pituitary gland(esp. - about 5% otheir
presentations; rarely into normal hypophy¥shypothalamigchiasma) cavernous sinysrainstem
compression.
I provokingfactors

1) reduced blood flow to gland (e.g. upper respiratory tract infection with frequent coughing

and sneezing).

2) sudden increment of blood flow

3) stimulation of gland by endocrine mechanisms

4) anticoagulation

5) trauma.

CLINICAL FEATURES

- suddenronset
1) meningeal irritation - severe headacl{87%), nauseavomiting, stiff neck, fever.
2) eye signs partial ophthalmoplegiéd5%), rapidly progressive visual l0$56%)in one or
other eye.
3) varying degrees aicute panhypopituitarism (73%) (e.g. vascular collapsé deficient
ACTH)
4) altered consciousnesgl3%)becaise of hypothalamic compression.
May be fatal!

DIAGNOSIS

CSFi hemorrhagic.
CT / MRI will differentiate fromSAH.

MRI - hemorrhage into tumogrpoplexy:

HEMORRHAGIC MACROADENOMA  (T1-MRI without contrast} hyperintense intrasellar mass; fluid level within this lesion
Se’\rrow ; pituitary fossa has been expanded; surgerz revealed hemorrhagic fluid within macroadenoma:

Sour ce of pict ‘ e: John H. Juhl i P & ed. (1999); dippihcott Wilfiasns EWilkiesn t i a |
ISBN-10: 0-397-584210 >>

TREATMENT

IV fluids + IV high-dosesteroid replacement
Conservative treatmentfor stable cases.

Indications foremergency surgical transsphenoidal decompression
a) rapidly deteriorating vision
b) progresfonto comal!!

HYPOPHYSITIS

(s. autoimmune hypophysitis)

Morphologic categorizationinflammation involves the anterior pituitary gland (adenohypophysitis),
posterior gland and stalk (infundibuh@urohypophystis), antire gland (panhypophysitis).

N.B. lack of clinically validated pituitary autoantigens in pathogenesis!

Main forms
1. Lymphocytic (adeno)hypophysitis (§mphoid adenohypophysi)is the mostcommonform!
i autoimmunenflammation of the pituitary stawith T-lymphocytic infiltrate ; the antigens
have not been identified.
i primarily in late pregnancy or early postpartyeriad (but also described in men and
children).


http://www.amazon.com/gp/product/0397584210
http://www.amazon.com/gp/product/0397584210
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2. Granulomatous hypophysitissecond most common forrmore aggressive, no gender bias, n
association with pregnancy.
i large numbers of multinucleatgiant cells and histiocytes witfranuloma formation.
i may be autoimmune, but pathogenesis not definitely known

3. Xanthomatouglipid-l aden Af oamyo histiocytes

4. Plasmacytic- could be a part dfgG4-related disease (so appropriately could be called secondary
hypophysitisi look for other organ involvementt chronicinflammatory condition characterized
by infiltration with 1gG4-secretingplasma cells various degrees @ibrosis (scarring)Y
atrophyand usually promptesponse to oralteroids

*other CNS manifestatioof IgG4-related diseaseidiopathic hypertrophic
pachymeningitis

Table 1 Histologic subtypes of hypophysitis and patient
characteristics

Gender Association with Mean age of

predominance pregnancy presentation
Lymphocytic Female, ~3:1 Yes 4th decade
Granulomatous Female, ~3:1 No 5th decade
Xanthomatous Female, ~3:1 No 4th decade
Plasmacytic Male, ~2:1 No 7th decade

(IgG4-related)

Secondary hypophysitis associations
1) immunotherapyassociated hypophysiticomplicationof treatment withmmune checkpoint
inhibitors immunotherapyesp.medications targeting cytotoxiclymphocyte antiged
[CTLA-4] e.g.IPILIMUMAB; less commonlyprogrammed cell death 1 [RPL)) i only mild
pituitary enlargement.
2)rupture of sel | aystsandcsahigphafymRj@mas)k e 6 s cl ef t

3y systemic inflammatory processes (sarcoidc
Takayas6 s arteritis, Coganbs syndr ome)

4) inflammatory cell proliferative disorde(tangerhans cell histiocytosd ErdheirrChester
diseasg

5) infections (tuberculosis, syptsli, Whi ppl eds di sease, mycose

6) tumorassociated inflammatory infiltrate (germinoma).

CLINICAL FEATURES

1. Mass effecti headache (50%gfompression of the optic nerves and/or cranial nerves lll, IV, and
VI in the cavernous sinuses

2. Pituitary/hypothalamic dysfunction i anteriorpanhypopituitarisnt/- diabetes insipidus (50%
patients)

1 hormone deficiencies may appear to be out of propori@adiographic findings

DIAGNOSIS

1 response to steroids is honspecific (can also ocauther conditions).
1 radiology is not pathognomonic:
Table 89.2 Imaging characteristics of hypophysitis vs. adenoma?°

Feature Hypophysitis Adenoma

Enlargement symmeftric asymmertric

Pituitary stalk thickened, nontapering not thickened, tapering. deviated
Sellar floor® spared may be eroded

Fnhancement intense, may be heterogeneous less intense, usually homogeneous
Mean size at time of presentation 3 c¢m?3 10 cm?3

Posterior pituitary bright spot® lost preserved in 97%

2on CT scan
b the normal hyperintensity of the posterior pituitary on TIWI MRI (p.737) 21

diagnosis generally regeshistopathologic confirmation (biopsy)

often mimics a nonsecretory pituitary macroadenoma (enhancing sellawithgsgative
endocrine tests)often undergo surgical resection insté@ad% of pituitary surgery casesf) what
may be more appropriateedical therapy (e.gteroids, or discontinuing possiblefflendng agents
such as ipilimumab)

= =

TREATMENT

1 natural course unknown due to heterogeneity of published repantsresolve spontaneously
(without active treatmentyelapse may occur, and some cases can be refractory to treatment

i itis unclear whethemmune suppressing medicationgmprove pituitaryfunction outcomes
compared to supportive therapy

1 if mass effect is significanpituitary debulking (rather than GTR) is feasible.

1 radiotherapy is promising but lacks data.

30 year old during the latthird trimester of pregnangyesented with 3 vwaks of progression vision lospre-
contrast Tiweighted image of the pituitafg). Transsphenoidal biopsy (b) demonstrated lymphocytic
hypophysitis and prednisone 60 mg dailgs begunFollowing delivery, the pituitary decreased in size (c) and
remained stable 2 months (d) and 5 months (e) after glucocorticoid taper and discontinuation

A) B) C) D) E)

CRANIOPHARYNGIOMA

- slow-growing, extraaxial tumor, grade 1dp not undergo malignant degenerafion
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EPIDEMIOLOGY

1-5% of all primary intracranial neoplasms
5-13% of all primary CNS tumors ighildren - 3" most common tumor in childhood.
INCIDENCEA  0-2.0pé&r 100,000 per year.
i bimodal age distribution i first peak is inchildren5-15 yrs; second peak &0-74 years
i median age at diagnosis is 8 years
I unusual before age 2 years.
maleto-female ratio is 1:1.
no known risk factors.

E

E

PATHOLOGY

Hypotheses of origin
1. Embryogenetic theory- embryonic nests cdfquamougpithelumalong involuted
HYPOPHYSIOPHARYNGEAL DUCT(i.e. congenital rests of Rathke's pouch stomodeal epithelium).
2. Metaplastic theory T metaplasia ofesidualmaturesquamous epitheliufaderived from
stomodeum and normally partadenohypophysis)

- smooth, lobulated masses watlid andcystic component$90% are at least partially cystic).
1 suprasellafocation(arises in pituitary stalk and projects ir®8 ventricle anchypothalamus).
intrasellar + suprasellar (70%); only suprasellar (20%), purely intrasellar (10%).

1 80-90% arecalcified (esp. in children).

1 cysts filledwith turbid, brownishyellow, proteinaceous material that glitters and sparkles because
of high content of floatingholesterol crystalécompared tonachinery oil; cyst rupture into CSF
Y intense sterile chemical meningitis.

9 severakytokinesare elevated in cyst fluid when compared with CSF:

IL-1 U a n <hlph@ &tdelevated but lower thanfbl.
IL-6 is > 50,000 times more concentrated in cystic fluid than CSF.

1 extend horizontallylong path of least resistance in various directiargeriorly into
prechiasmatic cistern and subfrontal spapesteriorlyinto prepontine and interpeduncular
cisterns, cerebellopontine angl& \Bentricle, posterior fossa, foramen magnigterally toward
subtemporal spaces (can even reach sylvian fissure).

N.B. donot expand sellfunless they become very lajgalifferentiating feature from
suprasellapituitary macroadenomhs

9 vascular supplyrom anterior circulation.

HISTOLOGY

- well-differentiated tissue- two mainhistological types(distinct tumor types in WHO 2021):

1) ADAMANTINOMATOUS form (in majority ofchildren; embryogeneticorigin) -
resemblegnamel pulp of developing teettomposed of interspersed fibrous and necrotic
tissue + multiloculated cysts;

i distinctive feature iperipheralpalisadingof basalepitheliumlayer, which
enclosesnner epithelium.
i inner epithelium may u nstekate giculumy.)d r
i areas of compactly arranged squamous cells contain keratin ndaaes (
keratirt - hallmark of this tumor subtype).
*"wet" because of plump appearanceaaficleakeratinocytes
(vs. flat, flaky keratirwith interspersed cell nuclseen in
epidermoid and dermoid cysts)
i "wet" keratin nodules frequenthalcify.
I greater propensity tencasevessels and cranial nervésyade brain and
recur after surgery!!!

2) SQUAMOUS PAPILLARY form (only in adults metaplasticorigin) i no complex

heterogeneous architectukess cystic stratified squamous epitheliand fibrovascular
islands of connective tissugoes not form keratin nodwedoes not calcity

1 craniopharyngiomas stimulaseynificant glial responsgwith profuse numbers of eosinophilic
Rosenthal fiberg - densely compacted bundles of glial filaments in astrocytic cell progesses
contact areas with nervous elementsick glial layermay encase tum@pseudocapsul§* , but
smal | epithelial Afingerso can &xXiWwend iiamt &
f i nditighgaslerence to surrounding tiseam make complete resection difficult and
hazardous; however, glial reaction is area to separate neoplasm from neural elements.

* Rosenthal fibers are characteristic featur@UsENILE PILOCYTIC ASTROCYTOMA®DIOpSY that
samples only surrounding neuropil of craniopharyngioma may yield erroneous diagnosis!
** absent in 3 ventricularportion

N.B. althoughhistologically benign(do not undergo malignant degeneration),
craniopharyngiomamay havemalignant clinical course(location+ adherence to critical
structureswith difficult removal+ ability to recuy.

1 rarely undergo malignant degeneration

Adamantinomatous craniopharyngioma

alisading of epithelium:

L

Peripheral p

Wet keratin:
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Figure 26-8. A, Embryonic tooth bud to illustrate similarity of cytology to cells of adamantinoma. B, Craniopharyngioma (adamantinoma).
A nest of cells |Iluslrat|ng central squamous elements embedded in a Ioose cellular structure.

Figure 19-1. A craniopharyngioma of the pituitary grow-
ing as an adamantinoma. The epithelial nests have a
peripheral palisade of columnar cells, which enclose loose
squamoid cells.

Papillary craniopharyngioma
Only simple squamous epithelium:
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Rosenthal fibe

europils surrounding craniopharyngioma

.

Typical epithelium showing basisquamous character with incarcerated keratin; note honeycombed character of epitheli
in areas:

oy
Source of picture: Philip A Pizzo, Davi d ™&d. (1998)plLip@EincdiRaver r i n
Publishers; ISBN 13: 9780397515615 >>

Basal cell layer (single rows of darker cuboidal cells) has given rise to larger squamous cell layer forming bulk of cellula
parts; focally cells have further matured to occasional "keratin pearl” (e.g. in right upper part); microcystic cavities are
scatered crocyst is seen in right upper corner, with "motor oil" content:

. e air 7 N ; \ rov @ O3

CLINICAL PRESENTATION

- resembles pituitary adenomas, but most become symptomatic only after tumattaenesl diameter
of about 3 cm; symptom duratitne f o r e dl-2a/rg(neochronic présentation)

1. Increased ICP(related to hydrocephalus)headache5-86%) vomiting, etci most commonly
bring patient to clinical attention;

' superior tumor extension (obstruction8f8e nt r i cl e and fhydrozeptaiis o
in 50%.
1 because of slow growtpapilledemas less common thaoptic pallor.

Visual field defects(e.g. homonymous or bitempotagmianopsiaof various degrees in 30%.

Neuroendocrine deficits(66-90%) espGH, TSHandADH deficits

1 short stature andobesityaremost commorsigns forpediatric endocrinological referral.
1 in contrast to pituitary adenomasplactin abnormalities are seen in or#9p%cases.

1 8890% men complain ampotence while 82%women complain cAmenorrhea

DIAGNOSIS

Calcifications are present in the majority of pediatric tumors (up to 90%) and over half of adult
lesions!

Plain skull X-ray i enlarged, distorted sellwith suprasellacalcification.

CT - partially cystic, lowdensity, contrasénhancingsupra)sellatesion with calcification.
9 adult craniopharyngiomas often do not have calcificatiomathout biopsy difficult to
differentiate fronpituitary adenomas.
N.B. pituitary adenomas never have calcifications!

3. MRI (best visualizatiol) - (supra)sellatumor withsolid and cystic components
1 cystgives homogeneous higi2 signalandlow T1 signal(cholesterol, protein,
methemoglobirmwithin cyst may give rise to highl signal).
9 solid portions andcapsuleshowcontrast enhancement

CT is enough fodiagnosig(calcificationg, but tumor extensiofe.g hypothalamugvasior)
is evaluated bIRI .

4. Evaluation of hypothalamic-pituitary axis (esp.diabetes insipidus and hypoadrenalism
minimum evaluation in emergency cases)
1 before surgery, repeated postoperatively and periodically thereafter for at least 1 year
(hormonal deficits often increase after surcamd may take several months to become fully
apparent!).

FIGURE 107. Lateral radiograph of skull &=
in a child with a suprasellar craniopharyn-
gioma showing calcification (double
arrows) and erosion of the tip of the dorsum
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CT with contrast partly calcified, partly cystic suprasellar lesion (note inhomogeneous enhancement of solid tumor
components):

MRI - cystic contrasenhancing suprasellar mass extendipgard, compressing hypothalamus:

Gadoliniumenhanced MRI:
A) very large suprasellar mass extending to hypothalamus & thalamus (enhancement is confined to superior portion).

B) tumor extends bilaterally.

A) CT without contrast: dense calcification within neoplasm vealiovs); temporal horn dilation secondary to

obstructive hydrocephalus.
B) T1-MRI: large homogeneous suprasellar neoplasm expanding pituitary fossa and compiégsintgSe.
C) T1-MRI with contrast enhancement of cyst wall; small amount of enhancement involving adjacent fldér of 3

ventricle; again temporal horn dilation.

T1-MRI without contrast: large suprasellar neoplasm with two regions of high smnah§) - lipid material within cyst:


http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/1416036180
http://www.amazon.com/gp/product/1416036180
http://www.amazon.com/gp/product/0443066957










