Original pages 122–125
Tumors of the Meninges

Tumors in this group are second in frequency to glial tumors. Meningiomas are the most common tumors within the group.

MENINGIOMAS
Meningiomas are benign tumors arising from the various cells composing the meninges, including dural fibroblasts, pial cells, and arachnoid cells. It is accepted, however, that most meningiomas arise from arachnoid cells, particularly those in arachnoid granulations or villi and in the root sleeves of nerve roots.

In general, meningiomas can arise wherever arachnoid membrane is present. Because they favor arachnoid granulations near the dural sinuses, most arise in the parasagittal region, accounting for approximately half of all intracranial meningiomas. In the author’s own clinical and operative experience, meningiomas occur more often supratentorially than infratentorially and tend to favor particular sites. In order of frequency, these are as follows.

In the supratentorial compartment: 1) Parasagittal meningiomas are the most common (Figure 3.72). Most arise along the middle third of the sagittal sinus; fewer arise along its anterior third, and very few along its posterior third. Meningiomas in this region frequently extend into and obstruct the sinus. 2) Falx meningiomas arise from the falx cerebri (Figure 3.73) and may grow across to the opposite side, producing a dumbbell shape. They usually lie away from the superior sagittal sinus. 3) Convexity meningiomas arise along the lateral surface of the cerebral hemisphere, away from the sagittal sinus and falx (Figure 3.74).
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[image: Figure 3.72 Parasagittal meningioma.]

Figure 3.72 Parasagittal meningioma.[image: pathology179 · Enhanced image]
AI-enhanced image · Compare details and arrows with the book image

[image: Figure 3.73 Falx meningioma in the frontal region. The tumor is attached to the falx and is well demarcated.]

Figure 3.73 Falx meningioma in the frontal region. The tumor is attached to the falx and is well demarcated.[image: pathology184 · Enhanced image]
AI-enhanced image · Compare details and arrows with the book image

[image: Figure 3.74 Convexity meningioma compressing the cerebral cortex.]

Figure 3.74 Convexity meningioma compressing the cerebral cortex.
Tumors at the skull base often pose problems for surgical removal because access is difficult. These include: 4) Olfactory groove meningiomas, arising at the olfactory groove or cribriform plate and growing in the anterior cranial fossa (Figure 3.75). They may extend posteriorly to the optic nerve and chiasm; some enter the paranasal sinuses. 5) Tuberculum sellae meningiomas, situated in the anterior suprasellar region, anterior to the chiasm (Figure 3.76). 6) Sphenoid ridge meningiomas, arising from the medial third of the lesser wing (Figure 3.77), its lateral third (Figure 3.78), or between these two portions. The tumor may extend along the Sylvian fissure into the anterior cranial fossa or into the temporal fossa.
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[image: Figure 3.75 A large olfactory groove meningioma compressing the prefrontal regions and both olfactory nerves.]

Figure 3.75 A large olfactory groove meningioma compressing the prefrontal regions and both olfactory nerves.[image: pathology188 · Enhanced image]
AI-enhanced image · Compare details and arrows with the book image

[image: Figure 3.76 Tuberculum sellae meningioma compressing the optic nerves and chiasm.]

Figure 3.76 Tuberculum sellae meningioma compressing the optic nerves and chiasm.
Original pages 126–132
Meningioma (continued)

Continued from the Meningioma section on original pages 122–125.
[image: Figure 3.77 Right medial lesser-wing meningioma compressing the optic nerve (short arrow), internal carotid artery (not visible), and middle cerebral artery (long arrow).]Figure 3.77 Right medial lesser-wing meningioma compressing the optic nerve (short arrow), internal carotid artery (not visible), and middle cerebral artery (long arrow).
[image: Figure 3.78 Meningiomas at the lateral third of the lesser wing of the sphenoid (large arrow) and at the petrous ridge (small arrow).]Figure 3.78 Meningiomas at the lateral third of the lesser wing of the sphenoid (large arrow) and at the petrous ridge (small arrow).
In the posterior fossa, meningiomas may occur at the cerebellopontine angle along 7) the petrous ridge, producing symptoms similar to those of an acoustic tumor. They may also arise from 8) the tentorium cerebelli. Tumors arising at its edge may extend into the supratentorial compartment beneath the temporal or occipital lobe. 9) Meningiomas of the foramen magnum and clivus (Figure 3.79). 10) Intraventricular meningiomas, arising from the tela choroidea of the choroid plexus, usually occur in the trigone of the lateral ventricle (Figure 3.80). They may occasionally arise in the third or fourth ventricle, but this is very rare. 11) Optic nerve sheath meningiomas usually arise near the optic foramen (Figure 3.81), then extend into the orbit and displace the globe, causing unilateral exophthalmos (Figure 3.82).

Meningiomas occur in adults aged 20–60 years, with the highest frequency between 45 and 55 years.

[image: Figure 3.79 A large clival meningioma compressing the brain stem and cranial nerves. Note displacement of the brain stem to the left.]Figure 3.79 A large clival meningioma compressing the brain stem and cranial nerves. Note displacement of the brain stem to the left.
[image: Figure 3.80 A well-demarcated intraventricular meningioma in the right temporal horn.]Figure 3.80 A well-demarcated intraventricular meningioma in the right temporal horn.
[image: Figure 3.81 Optic nerve sheath meningioma at the optic foramen.]Figure 3.81 Optic nerve sheath meningioma at the optic foramen.
[image: Figure 3.82 Intraorbital meningioma causing unilateral exophthalmos.]Figure 3.82 Intraorbital meningioma causing unilateral exophthalmos.
Pathology

Meningiomas are very sharply demarcated tumors, usually situated outside the brain. As they grow, they indent its surface, with localized loss of water from the brain in that region and no infiltration into the brain tissue. The tumor may be round or nodular (Figure 3.83) and is generally attached to the dura, as can be seen during surgery; only a few are not attached. Meningiomas tend to infiltrate the dura and dural venous sinuses, particularly the superior sagittal sinus, often causing sinus occlusion. The mass is pink-gray, although fibrous types are pale. Most are firm, elastic, and tough, and are difficult to remove by suction during surgery. The cut surface is smooth and homogeneous. Psammomatous tumors feel gritty, like sand, because of calcified psammoma bodies. Some foci may be soft and pale yellow because of xanthomatous degeneration. Intratumoral hemorrhage is occasionally found (Figure 3.84). Cysts are usually absent.

[image: Figure 3.83 A surgically removed meningioma forming a well-demarcated, multinodular mass. One side of the tumor is invariably attached to the dura mater.]Figure 3.83 A surgically removed meningioma forming a well-demarcated, multinodular mass. One side of the tumor is invariably attached to the dura mater.
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[image: Figure 3.84 A surgically removed meningioma showing intratumoral hemorrhage. The tumor is attached to a sheet of dura (arrow).]

Figure 3.84 A surgically removed meningioma showing intratumoral hemorrhage. The tumor is attached to a sheet of dura (arrow).
Meningioma en plaque grows along the dural surface as a thick sheet firmly adherent to the dura. It often causes marked hyperostosis of the overlying skull (Figure 3.85). It favors the frontotemporobasal region of the brain and causes exophthalmos.
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[image: Figure 3.85 A skull specimen with extensive outward hyperostosis at the site of a meningioma en plaque. Note the numerous prominent vascular grooves on the inner surface of the skull, a characteristic feature of meningioma.]

Figure 3.85 A skull specimen with extensive outward hyperostosis at the site of a meningioma en plaque. Note the numerous prominent vascular grooves on the inner surface of the skull, a characteristic feature of meningioma.
Intraventricular meningiomas are likewise well demarcated (Figure 3.80). Choroid plexus is often attached to the outer wall of the tumor. The cut surface resembles that of meningiomas elsewhere, as described above. The mass can often become very large before producing localizing symptoms.

Meningiomas at some sites grow into a dumbbell shape. Three such locations have been encountered: 1) At the falx cerebri, the tumor infiltrates through the falx and grows on the opposite side, making surgery more difficult and often leading to postoperative recurrence. 2) At the tentorium cerebelli, a mass on the surface of a cerebellar hemisphere extends directly through the tentorium, or around its edge, into the supratentorial compartment beneath the temporal or occipital lobe. 3) At the optic foramen, one portion may lie within the cranial cavity and another within the orbit.

Hyperostosis of the skull usually occurs where the tumor is attached to the dura. Bone may project deeply into the surface of the tumor (Figure 3.86). This occurs both at the convexity and at the skull base, such as the tuberculum sellae or sphenoid ridge. Hyperostosis results from reactive new bone formation, which may or may not be accompanied by extension of tumor cells into the marrow.

[image: Figure 3.86 Localized hyperostosis where the tumor is attached to the dura. Bone projects deeply into the surface of the tumor.]Figure 3.86 Localized hyperostosis where the tumor is attached to the dura. Bone projects deeply into the surface of the tumor.
Original pages 132–137
Meningioma · Histology

Russell and Rubinstein(35) divided meningiomas into three groups.

Group 1 comprises the commonly encountered meningiomas, with cells arranged in three patterns:

	1.1 meningothelial or syncytial type
	1.2 transitional type
	1.3 fibroblastic type


Cellular changes within tumors of this group may produce further variants, including the psammomatous, myxomatous, xanthomatous, and melanotic types.

Group 2 comprises angioblastic meningiomas, which may be divided into two subtypes:

	2.1 hemangioblastic meningioma
	2.2 hemangiopericytic meningioma


Group 3 is termed malignant meningioma.

Of these three groups, the first is by far the most common; groups 2 and 3 are very rare.

MENINGOTHELIOMATOUS MENINGIOMA

Also termed syncytial or endotheliomatous meningioma, this type consists of uniformly large cells of equal size, with indistinct cell boundaries and round or oval nuclei. The nuclei often have a vesicular appearance, with clear spaces within them. The tumor cells form clusters separated by narrow bands of connective tissue (Figure 3.87).

[image: Figure 3.87 Meningotheliomatous meningioma.]Figure 3.87 Meningotheliomatous meningioma.
TRANSITIONAL MENINGIOMA

This type is intermediate between the syncytial and fibrous types. Its distinctive feature is the grouping of elongated, curved oval cells into whorls (Figure 3.88 A, B). A small blood vessel may lie at the center of some whorls. Later, these whorls become psammoma bodies; such a meningioma is therefore termed a psammomatous meningioma.
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[image: Figure 3.88 A. Transitional meningioma consisting of elongated, curved oval cells grouped into whorls, the characteristic feature of this type of meningioma (arrow).]

Figure 3.88 A. Transitional meningioma consisting of elongated, curved oval cells grouped into whorls, the characteristic feature of this type of meningioma (arrow).
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[image: Figure 3.88 B. Higher magnification showing the cells of a whorl.]

Figure 3.88 B. Higher magnification showing the cells of a whorl.
Psammoma bodies in meningiomas are laminated deposits of calcium in areas of cellular degeneration within a whorl (Figure 3.89).
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[image: Figure 3.89 The characteristic appearance of psammoma bodies in a psammomatous meningioma.]

Figure 3.89 The characteristic appearance of psammoma bodies in a psammomatous meningioma.
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[image: Figure 3.90 A. Fibroblastic meningioma consisting of spindle-shaped tumor cells arranged longitudinally in bundles.]

Figure 3.90 A. Fibroblastic meningioma consisting of spindle-shaped tumor cells arranged longitudinally in bundles.
FIBROBLASTIC MENINGIOMA

Also called the fibrous type, this tumor consists of elongated, spindle-shaped cells arranged longitudinally in bundles (Figure 3.90). The cells contain fibrils. In some areas, nuclear palisading resembling that seen in schwannoma may be found. Whorls and psammoma bodies are regularly present as well. The abundance of reticulin and collagen fibers in the fibrous type helps distinguish fibroblastic meningioma from the meningotheliomatous type.

ANGIOBLASTIC MENINGIOMA

The distinctive features of this type are relatively densely packed cells with indistinct cytoplasmic boundaries and numerous thin-walled capillaries interspersed among the tumor cells (Figure 3.91). Silver staining demonstrates abundant reticulin fibers. Mitotic figures are frequently found.

[image: Figure 3.91 A. Angioblastic meningioma with thin-walled capillaries interspersed among the tumor cells (H & E).]Figure 3.91 A. Angioblastic meningioma with thin-walled capillaries interspersed among the tumor cells (H & E).
[image: Figure 3.91 B. Angioblastic meningioma stained to demonstrate reticulin fibers.]Figure 3.91 B. Angioblastic meningioma stained to demonstrate reticulin fibers.
Angioblastic meningioma is much less common than the other types, but tends to be more malignant.(36,37)

As mentioned earlier, this meningioma is subdivided into hemangioblastic and hemangiopericytic types. The hemangioblastic type superficially resembles cerebellar hemangioblastoma, and some pathologists consider them the same tumor. There are, however, reasons to regard them as different: the hemangioblastic type of angioblastic meningioma occurs in the supratentorial compartment, lacks the cyst seen in cerebellar hemangioblastoma, is attached to the dura, and may contain clusters of meningothelial cells. These features are absent in cerebellar hemangioblastoma.(38) Furthermore, manifestations of von Hippel–Lindau disease, such as retinal hemangiomas and adrenal pheochromocytoma, which occur in association with cerebellar hemangioblastoma, are not found with angioblastic meningioma.

The hemangiopericytic type has the same histological appearance as hemangiopericytoma elsewhere in the body. It is malignant and tends to recur or metastasize.

In general, we neurosurgeons more often use the term angiomatous meningioma than angioblastic meningioma. This term describes a meningioma with a rich blood supply. Complete resection can provide a satisfactory cure, as with other meningothelial meningiomas. This usage may therefore cause confusion with angioblastic meningioma.

Original pages 137–139
Meningioma · Spread

Meningioma is a benign, slowly growing, well-demarcated tumor. It does not spread into the brain tissue or cerebrospinal fluid, but compresses the brain. Nevertheless, it may extend into the dura (Figure 3.92), dural sinuses, and skull (Figure 3.93), most commonly at the sagittal sinus and falx. In some cases, it may extend into a paranasal sinus or the temporalis muscle. Extension into the marrow of the skull is also common, stimulating osteoblastic proliferation and causing hyperostosis of the skull (Figure 7.67). Regardless of where it extends, the tumor cells still lack malignant features.
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[image: Figure 3.92 Psammomatous meningioma extending into the dura mater.]

Figure 3.92 Psammomatous meningioma extending into the dura mater.
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[image: Figure 3.93 Transitional meningioma extending into bone.]

Figure 3.93 Transitional meningioma extending into bone.
MALIGNANT MENINGIOMA

This is a very rare tumor that can spread both locally and to distant sites. It often recurs after surgery. Histologically, it is highly cellular and pleomorphic, lacking the whorled arrangement of benign meningiomas. The cells show numerous mitoses (Figure 3.94 B). Necrosis or pseudopalisading may be present. Infiltration into the brain stimulates gliosis in the tissue adjacent to the tumor.(39) Most malignant meningiomas are of the fibromatous (Figure 3.94 A) or hemangiopericytic type. The malignant cells may sometimes show a papillary arrangement. Dissemination through the cerebrospinal fluid and metastasis to other organs may occur, but are uncommon.

[image: Figure 3.94 A. Malignant meningioma infiltrating the brain. The cellular arrangement resembles that of fibromatous meningioma.]Figure 3.94 A. Malignant meningioma infiltrating the brain. The cellular arrangement resembles that of fibromatous meningioma.
[image: Figure 3.94 B. Higher magnification showing malignant features, with numerous mitoses.]Figure 3.94 B. Higher magnification showing malignant features, with numerous mitoses.
Original pages 139–146
Vascular tumors

Two important types of tumors arise from blood vessels in the CNS: capillary hemangioblastoma and angiosarcoma. The former is more common and is benign; angiosarcoma is very rare. Arteriovenous malformation is not considered a tumor because it does not form an expanding mass in the manner of a tumor. Only capillary hemangioblastoma will therefore be discussed here.

CAPILLARY HEMANGIOBLASTOMA

This is a benign tumor with a predilection for the posterior fossa and an association with von Hippel–Lindau disease. Several terms should be clarified.(40) Lindau described hemangioblastoma of the brain in 1926, and the tumor is therefore sometimes called Lindau’s tumor. It may be solitary or multiple. When cysts of the pancreas and kidneys occur in the same patient, the condition is called Lindau’s syndrome. The term Lindau’s disease refers specifically to hereditary cerebellar hemangioblastoma. Von Hippel’s disease is retinal angiomatosis and is also hereditary. Von Hippel–Lindau disease thus comprises retinal angiomas together with cerebellar hemangioblastoma and is inherited.

Cerebellar hemangioblastoma may occur only in the cerebellum or together with tumors elsewhere in the CNS. The author has encountered a patient with both cerebellar and cervical hemangioblastomas (Figure 3.95). In some patients, the tumor may be part of von Hippel–Lindau disease. However, among the patients operated on by the author, none has shown the complete manifestations of von Hippel–Lindau disease, possibly because the number of patients with this tumor is very small. Russell and Rubinstein(41) likewise found the complete manifestations of von Hippel–Lindau disease in only 2 of their 13 patients with hemangioblastoma.

Other diseases or conditions that may accompany cerebellar hemangioblastoma include pheochromocytoma and syringomyelia, especially when the hemangioblastoma occurs in the spinal cord.(42)

Erythrocythemia is another condition frequently associated with cerebellar hemangioblastoma and can aid diagnosis. After removal of the hemangioblastoma, the erythrocythemia resolves, but it returns if the tumor recurs. Erythrocythemia is stimulated by an erythropoietic substance found in the fluid within a hemangioblastoma cyst.(43,44)

[image: Figure 3.95 Cervical hemangioblastoma in a patient with cerebellar hemangioblastoma.]Figure 3.95 Cervical hemangioblastoma in a patient with cerebellar hemangioblastoma.
Hemangioblastoma is uncommon, accounting for approximately 1–2.5% of all brain tumors. It may occur at any age, but is most frequent in middle age, around 35–45 years.

The favored sites of hemangioblastoma are the cerebellum, the roof of the fourth ventricle, and the spinal cord, with a small number occurring in the cerebrum.

The cerebellum is the most common site. The tumor tends to occur near the midline in a cerebellar hemisphere (Figure 3.96), and may also arise in the vermis (Figure 3.97), compressing or extending into the fourth ventricle.

The spinal cord is the next most common site after the cerebellum.

Hemangioblastoma of the cerebrum is very rare.
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[image: Figure 3.96 Cerebellar hemangioblastoma near the midline. Note hemorrhage within the tumor.]

Figure 3.96 Cerebellar hemangioblastoma near the midline. Note hemorrhage within the tumor.
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[image: Figure 3.97 A well-demarcated hemangioblastoma in the vermis extending into the fourth ventricle. The cut surface shows small, sponge-like spaces representing dilated vessels and cysts. Some vessels are greatly dilated, forming cavernous spaces. Yellow fat is visible between the vessels, a characteristic feature of this tumor.]

Figure 3.97 A well-demarcated hemangioblastoma in the vermis extending into the fourth ventricle. The cut surface shows small, sponge-like spaces representing dilated vessels and cysts. Some vessels are greatly dilated, forming cavernous spaces. Yellow fat is visible between the vessels, a characteristic feature of this tumor.
Pathology

Capillary hemangioblastoma is a well-demarcated tumor. It may be entirely solid, partly cystic, or associated with a large cyst. The last form is the most common in the cerebellum. A small, well-demarcated, reddish-brown mural nodule is present in the cyst wall. The cyst fluid is straw-colored and coagulates on standing (Figure 3.98 A, B, C), or may be reddish-brown, indicating hemorrhage. In the author’s experience, the mural nodule usually lies on the posterior wall of the cyst, which facilitates surgical removal. In some cases, multiple hemangioblastomas may occur within the cerebellum or elsewhere in the CNS.

[image: Figure 3.98 A. Cerebellar hemangioblastoma with a large cyst and a mural nodule. Note the posterior location of the mural nodule.]Figure 3.98 A. Cerebellar hemangioblastoma with a large cyst and a mural nodule. Note the posterior location of the mural nodule.
[image: Figure 3.98 B. Operative view showing a large cyst in the right cerebellar hemisphere. The mural nodule has already been removed.]Figure 3.98 B. Operative view showing a large cyst in the right cerebellar hemisphere. The mural nodule has already been removed.
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[image: Figure 3.98 C. Cyst fluid and the mural nodule (arrow) obtained at surgery. Note the red color of the mural nodule and the coagulation of the cyst fluid on standing.]

Figure 3.98 C. Cyst fluid and the mural nodule (arrow) obtained at surgery. Note the red color of the mural nodule and the coagulation of the cyst fluid on standing.
The cut surface of the tumor has a spongy appearance, with small spaces throughout representing dilated blood vessels and small cysts. In some areas, the vessels may be greatly enlarged, forming cavernous spaces, or small foci of hemorrhage may be present (Figure 3.97). Another important characteristic of hemangioblastoma is the presence of golden-yellow foci of sudanophilic lipid scattered between the vessels. When the mass is large, vessels on the surface of the brain become enlarged and tortuous (Figure 3.99).

HISTOLOGY

The distinctive diagnostic histological feature is a dense collection of numerous thin-walled capillaries lined by endothelial cells. Reticulin staining of the vessels makes them more clearly visible. Interspersed between the vessels are large, round, pale-staining stromal cells. Some of these cells have foamy cytoplasm because they contain droplets of sudanophilic lipid (Figure 3.100). Both the endothelial and stromal cells appear benign, and mitoses are not seen.
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[image: Figure 3.99 Enlarged, tortuous vessels on the surface of a hemangioblastoma.]

Figure 3.99 Enlarged, tortuous vessels on the surface of a hemangioblastoma.
[image: Figure 3.100 A. Hemangioblastoma consisting of numerous thin-walled vessels with slender endothelial cells. The stromal cells are large and round, with dark-staining nuclei; some have foamy cytoplasm.]Figure 3.100 A. Hemangioblastoma consisting of numerous thin-walled vessels with slender endothelial cells. The stromal cells are large and round, with dark-staining nuclei; some have foamy cytoplasm.
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[image: Figure 3.100 B. High-power view showing cells with foamy cytoplasm.]

Figure 3.100 B. High-power view showing cells with foamy cytoplasm.
[image: Figure 3.100 C. Staining demonstrates lipid within the cells.]Figure 3.100 C. Staining demonstrates lipid within the cells.
Histologically, hemangioblastoma can be difficult to distinguish from angioblastic meningioma because the two have similar appearances. In general, however, their gross pathology and location differ: angioblastic meningiomas are supratentorial, attached to the dura, and form solid masses without cysts.

Original pages 146–147
MALDEVELOPMENTAL TUMORS

These tumors arise through abnormal changes in cells that would normally disappear or develop into various parts of the body, but instead form tumors. This group includes tumors arising from either neuroepithelial or non-neuroepithelial cells. The types encountered are listed below in order from less to more frequent.

	Craniopharyngioma
	Dermoid cyst
	epidermoid cyst
	colloid cyst of the third ventricle
	Rathke’s cleft cyst
	enterogenous cyst
	lipoma
	hamartoma


These tumors are considered congenital in origin and are benign. They grow slowly, taking many years to produce symptoms, and patients therefore often present in early adulthood. Most occur outside the brain tissue. Despite being benign, they are not easily removed, because most lie in the midline and beneath the brain.

Original pages 147–151
CRANIOPHARYNGIOMA

This tumor arises from remnants of the epithelium of Rathke’s pouch, an upward projection of the primitive stomodeum toward the neural tube. The cells of Rathke’s pouch develop into the craniopharyngeal duct. The proximal part of the duct disappears, eliminating its connection with the buccal cavity, while the distal part becomes the anterior lobe of the pituitary gland and the pars intermedia. Cells remaining anywhere along the craniopharyngeal duct may give rise to a craniopharyngioma, which may be intrasellar, suprasellar, or occupy both sites. However, because craniopharyngioma tends to occur in adolescence, some have suggested that it arises from metaplasia of adenohypophyseal cells rather than from embryonic cell rests.(45)

Craniopharyngioma accounts for 3% of all intracranial tumors and is the most common supratentorial tumor in children. More than half of craniopharyngiomas occur between the ages of 10 and 20 years.(46)

Pathology

Most tumors are suprasellar; fewer are intrasellar(47) or intraventricular. Craniopharyngioma is well demarcated but is often firmly adherent to the brain because of reactive gliosis. Small tumors lie near the chiasm or tuber cinereum. Larger tumors tend to extend upward into the third ventricle (Figure 3.101), obstructing CSF flow and causing hydrocephalus. In some cases, the mass may expand into the region anterior to the pons or into the temporal lobe (Figure 3.102). A tumor arising within the sella may extend through the diaphragma sellae and enlarge in the suprasellar region, producing a dumbbell shape and symptoms of hypopituitarism.
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[image: Figure 3.101 Suprasellar craniopharyngioma extending into the third ventricle and obstructing the foramen of Monro.]

Figure 3.101 Suprasellar craniopharyngioma extending into the third ventricle and obstructing the foramen of Monro.
[image: Figure 3.102 Craniopharyngioma enlarging in the temporal lobe and clival regions. Note the multiple cysts in the suprasellar portion of the tumor.]Figure 3.102 Craniopharyngioma enlarging in the temporal lobe and clival regions. Note the multiple cysts in the suprasellar portion of the tumor.
On section, the solid portion is pale and irregular because of scattered areas of hard calcification. Other portions form cysts of varying size. The cysts contain yellowish-brown fluid resembling machine oil, with small, golden-yellow cholesterol flakes (Figure 3.103) floating in it. This is an important diagnostic feature of the tumor.
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[image: Figure 3.103 A midline section of the brain showing a large craniopharyngioma. The cut surface is irregular, with scattered areas of calcification. A large cyst contains brown fluid and golden cholesterol flakes.]

Figure 3.103 A midline section of the brain showing a large craniopharyngioma. The cut surface is irregular, with scattered areas of calcification. A large cyst contains brown fluid and golden cholesterol flakes.
Viewed from the undersurface of the brain, a craniopharyngioma has an irregular surface with nodules of various sizes. It extends laterally and compresses the internal carotid artery. The mass obscures the optic nerves and chiasm. It also extends into the interpeduncular fossa, compressing cranial nerves and the posterior cerebral artery (Figure 3.104). These anatomical relationships are important in surgery.

HISTOLOGY

Craniopharyngioma consists of stratified squamous epithelium. The epithelium lining the microcysts is composed of columnar cells resting on a collagen basement membrane. Some areas of the stratified squamous epithelium contain pointed cells termed “prickle cells” (Figure 3.105 A, C). Other areas undergo keratinization or calcification (Figure 3.105 B).
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[image: Figure 3.104 Inferior view of the brain showing a craniopharyngioma with an irregular surface. The tumor displaces the internal carotid artery and obscures the optic nerve and chiasm. Note the small collections of white keratin sheets at the posterior aspect of the tumor (arrow).]

Figure 3.104 Inferior view of the brain showing a craniopharyngioma with an irregular surface. The tumor displaces the internal carotid artery and obscures the optic nerve and chiasm. Note the small collections of white keratin sheets at the posterior aspect of the tumor (arrow).
[image: Figure 3.105 A. Characteristic appearance of craniopharyngioma: stratified squamous epithelium covering a connective tissue core. B. Craniopharyngioma showing keratin (arrow) and inflammatory cells intermingled with epithelium and connective tissue.]Figure 3.105 A. Characteristic appearance of craniopharyngioma: stratified squamous epithelium covering a connective tissue core.
B. Craniopharyngioma showing keratin (arrow) and inflammatory cells intermingled with epithelium and connective tissue.
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[image: Figure 3.105 C. Microcysts lined by columnar cells. Some areas contain pointed cells termed “prickle cells”.]

Figure 3.105 C. Microcysts lined by columnar cells. Some areas contain pointed cells termed “prickle cells”.
Craniopharyngioma grows very slowly and shows no mitoses.

Original pages 151–155
DERMOID AND EPIDERMOID CYSTS

These cysts arise from non-neuroepithelial cells and occur both intracranially and in the spinal canal. Both types result from heterotopia of ectodermal elements that come together in the midline during closure of the neural groove. Incomplete closure may leave a skin opening called a dermal sinus, often associated with a dermoid cyst along the sinus. This always occurs in the midline of the body. Intracranial dermoid cysts are less common than spinal dermoid cysts. They favor the posterior fossa, particularly the vermis and fourth ventricle, but may also occur in the frontal or occipital regions near the vertex. Spinal cysts are common in the lumbosacral region and may be extramedullary or intramedullary. They are often associated with other congenital abnormalities, such as diastematomyelia, syringomyelia, and Arnold–Chiari malformation.

Intracranial epidermoid cysts are more common than dermoid cysts, whereas spinal epidermoid cysts are less common. Their location is usually away from the midline.

Although epidermoid and dermoid cysts differ clinically and in their sites of occurrence, they are generally grouped together as “pearly tumors”.(48)

DERMOID CYST

Intracranial dermoid cysts are very rare. They tend to occur in the midline of the posterior fossa, especially the vermis and fourth ventricle, causing obstructive hydrocephalus. The most common age at presentation is between 10 and 20 years.

Pathology These are well-demarcated cysts of varying size. Externally, they appear pale pink mixed with opaque white. On section, their characteristic contents are sticky yellowish-white material derived from sebaceous gland secretions and epithelial breakdown. Hair or calcification may also be present (Figure 3.106). The cyst wall is usually firmly adherent to the surrounding brain and has a sparse blood supply.
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[image: Figure 3.106 Operative view of the cerebellum showing a dermoid cyst in the fourth ventricle. The cyst has a wall and contains fat, with a tuft of hair inferiorly (arrow).]

Figure 3.106 Operative view of the cerebellum showing a dermoid cyst in the fourth ventricle. The cyst has a wall and contains fat, with a tuft of hair inferiorly (arrow).
Another important diagnostic clue is a dermal sinus in the occipital or lumbosacral region, which often leads to a dermoid cyst of the cerebellum. In some patients, this sinus provides a route for infection, causing meningitis.

HISTOLOGY The cyst is lined by stratified squamous epithelium and contains hair follicles, sebaceous glands, and sweat glands. Bone or cartilage may be seen in some cases.

EPIDERMOID CYST

Also called cholesteatoma, an epidermoid cyst occurs intracranially more often than a dermoid cyst. It usually arises away from the midline of the brain and may also occur in the diploic space of the skull. The most common site is the cerebellopontine angle (Figure 3.107), followed by the parapituitary region, the middle fossa (temporal lobe), and the paratrigeminal region. At the latter site, destruction of the petrous apex is common. Occasionally, an epidermoid cyst may arise within a cerebral hemisphere.
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[image: Figure 3.107 Epidermoid tumor at the cerebellopontine angle (arrow).]

Figure 3.107 Epidermoid tumor at the cerebellopontine angle (arrow).
Pathology Epidermoid cysts are well demarcated. Their surface consists of small, rounded nodules of varying size, with a smooth, lustrous appearance resembling pearls, hence the name “pearly tumor” (Figure 3.108). Inside is white fatty material containing cholesterol crystals, derived from breakdown of keratin from the epithelium of the cyst wall. Calcification may be found in parts of the wall.
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[image: Figure 3.108 The characteristic pearly appearance of an epidermoid tumor, also known as a “pearly tumor”.]

Figure 3.108 The characteristic pearly appearance of an epidermoid tumor, also known as a “pearly tumor”.
[image: Figure 3.109 The cyst wall of an epidermoid tumor, showing epithelium resting on collagenous tissue and laminated keratin.]Figure 3.109 The cyst wall of an epidermoid tumor, showing epithelium resting on collagenous tissue and laminated keratin.
HISTOLOGY The cyst wall consists of stratified squamous epithelium resting on a layer of collagenous tissue. Laminated keratinous material extends inward into the cyst (Figure 3.109).

Original pages 155–156
COLLOID CYST

This cyst occurs specifically in the anterior part of the third ventricle and is also called a paraphyseal cyst or neuroepithelial cyst. Its origin remains disputed. Those who believe it arises from the paraphysis—an embryonic projection of the telencephalon lying anterior to the diencephalon and subsequently disappearing—call a cyst in this region a paraphyseal cyst.(49) Others believe that a colloid cyst arises from the epithelium of the choroid plexus.(50)

Most colloid cysts are found in people aged 30–40 years.

Pathology The cyst is round and may have a stalk attached to the velum interpositum or choroid plexus of the third ventricle. Because it arises close to the foramen of Monro, it frequently obstructs that foramen and causes obstructive hydrocephalus (Figure 3.110). A large cyst may compress the walls of the third ventricle and the pillars of the fornix. The cyst wall is thin, and the contents are soft, grayish, gelatin-like material characteristic of a colloid cyst.

[image: Figure 3.110 A colloid cyst in the third ventricle obstructing the foramen of Monro and causing hydrocephalus.]Figure 3.110 A colloid cyst in the third ventricle obstructing the foramen of Monro and causing hydrocephalus.
Cyst wall From outside inward, there is an outer layer of connective tissue, with lymphocytes and plasma cells in some areas. The inner surface is lined by epithelial cells, mostly cuboidal or low columnar, with cilia in some places. The epithelial cells often contain mucin (Figure 3.111 A). The center of the cyst contains amorphous material derived from mucus. In some cases, the cyst contents have an appearance termed pseudo-actinomycosis (Figure 3.111 B).
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[image: Figure 3.111 A. Wall of a colloid cyst. B. Pseudo-actinomycosis appearance encountered in a colloid cyst.]

Figure 3.111 A. Wall of a colloid cyst.
B. Pseudo-actinomycosis appearance encountered in a colloid cyst.
Original pages 157–158
LIPOMAS

Lipomas are very rare tumors that may occur both intracranially and in the spinal canal. Intracranial lipomas usually lie in the midline of the brain, most commonly at the corpus callosum, where they are often associated with partial or complete agenesis of the corpus callosum (Figure 3.112). Other sites include the tegmentum of the midbrain (Figure 3.113), infundibulum, choroid plexus, cerebellopontine angle, thoracic cord, and cauda equina.
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[image: Figure 3.112 Lipoma of the corpus callosum associated with agenesis of the corpus callosum.]

Figure 3.112 Lipoma of the corpus callosum associated with agenesis of the corpus callosum.
These tumors may occur at any age, but are most commonly found between 20 and 40 years.

Pathology Lipomas are well demarcated but are often firmly adherent to the surrounding brain. Their characteristic feature is the yellow color of body fat (Figure 3.112). Most have a sparse blood supply, although some are richly vascular and are called angiolipomas. Calcification may occur in the wall of the mass. Lipomas at the cerebellopontine angle often extend between cranial nerves, making dissection difficult and leading to loss of cranial nerve function.
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[image: Figure 3.113 Lipoma on the upper aspect of the midbrain and pons.]

Figure 3.113 Lipoma on the upper aspect of the midbrain and pons.
HISTOLOGY Lipomas consist of fatty tissue. In angiolipomas, numerous blood vessels are interspersed within the fatty tissue.

Original pages 158–167
TUMORS OF THE PITUITARY GLAND

These tumors belong to the group located outside the brain substance and extending directly into the brain, without hematogenous dissemination. Most arise in the anterior lobe of the pituitary gland, or adenohypophysis. Two tumor types occur there: pituitary adenoma and pituitary adenocarcinoma. The former is by far the most common; the latter is very rare (the author has encountered only one case). Tumors arising from the neurohypophysis, namely gliomas, are even rarer.

PITUITARY ADENOMAS

These are benign tumors arising from the cells of the adenohypophysis, which are divided into three types according to their staining characteristics:

Chromophobe cells are the most numerous cells in the pituitary gland and show no secretory granules with ordinary staining.

Acidophilic cells (eosinophils or alpha cells) are the second most numerous. Their cytoplasmic granules take up acid dyes and appear pink-red with hematoxylin and eosin (H & E).

Basophilic cells (beta cells) are the least numerous. Their cytoplasmic granules take up basic dyes, appearing purple, and stain blue with AF–AB.

For many years, pituitary adenomas were divided into three types according to their staining with H & E and named after the cell type forming the tumor:

	Chromophobe adenoma, believed not to produce hormones.
	Acidophilic adenoma, secreting growth hormone and prolactin and producing gigantism and acromegaly.
	Basophilic adenoma, secreting ACTH and melanin-stimulating hormones and causing Cushing’s disease.


In the author’s surgical experience, chromophobe adenoma is the most common type, accounting for approximately 80–90%, whereas basophilic adenoma is the least common.

The classification described above is now considered outdated because classification by tumor-cell staining does not correlate sufficiently with hormone secretion and cytogenesis. A new classification of pituitary adenoma was therefore developed following the introduction of electron microscopy and immunocytochemistry, which provide information about cellular hormone secretion, ultrastructure, and cytogenesis. Immunocytologic techniques demonstrate the types of hormones produced in the cytoplasm, while electron microscopy demonstrates the ultrastructure of different cell types, whose intracellular details differ and help distinguish adenoma types. Pituitary adenomas are accordingly classified by hormone secretion and function as follows:(51,52)

	Growth hormone cell adenoma (excessive GH secretion).
	Prolactin cell adenoma (excessive prolactin secretion).


	Corticotropic cell adenoma (excessive ACTH secretion).
	Thyrotropic cell adenoma (excessive TSH secretion).
	Gonadotropic cell adenoma (excessive FSH/LH secretion).
	Plurihormonal adenoma (secreting more than two hormones, usually growth hormone cells together with prolactin cells).
	Null cell adenoma (no hormone production).


This new classification can be divided into two groups. The first comprises tumors that do not produce hormones (endocrine-inactive adenomas), namely null cell adenomas, which have no clinical hormonal manifestations. The other group comprises hormone-producing tumors (endocrine-active adenomas), including all the remaining adenoma types. Patients exhibit manifestations corresponding to the hormones produced by the tumor.

Age Pituitary adenoma is a tumor of adults, most frequently encountered between 35 and 45 years. In general, hormone-producing adenomas that cause hormonal manifestations occur at a younger age than non-hormone-producing adenomas. For example, acidophilic adenomas producing growth hormone tend to occur in younger people than chromophobe adenomas and cause gigantism. Pituitary adenocarcinoma also occurs in young people.

Pathology A pituitary adenoma arises within the sella turcica and expands in all directions. The tumor is demarcated but has no capsule. As it enlarges, compressed sellar bone is resorbed and reformed, producing the appearance called ballooning of the sella. With a very large tumor, the bone may disappear entirely and the tumor extends into the sphenoid sinus (Figure 3.114). Lateral expansion pushes the medial wall of the cavernous sinus laterally; the internal carotid siphon becomes elevated and displaced farther from the midline, as seen on carotid angiography. At the same time, the remaining pituitary gland is flattened, with a portion still connected to the pituitary stalk; the surgeon must try to preserve this during surgery. Upward expansion elevates and markedly thins the diaphragma sellae until it resembles a capsule over the upper surface of the tumor. Compressed bone of the anterior clinoid process is resorbed, becoming thin and elevated or disappearing. When the mass extends above the sella turcica, the optic chiasm is compressed (Figure 3.115) and usually displaced backward, because in most cases the optic chiasm lies relatively posteriorly, termed a postfixed chiasm. The adenoma is then seen between the two optic nerves. Both optic nerves and the chiasm become thin and pale. With a prefixed chiasm, the tumor grows upward behind the chiasm, compressing the floor of the third ventricle or enlarging to replace the third ventricle and obstruct both foramina of Monro, causing obstructive hydrocephalus. In some cases, the tumor extends into the interpeduncular fossa, anterior to the pons, and onto the medial aspect of the temporal lobe (Figure 3.116). Such extensive spread usually occurs with chromophobe adenomas. The tumor may also extend beneath the frontal lobe, causing anosmia, confusion, and seizures. Acidophilic and basophilic adenomas seldom grow beyond the sella.
[image: Figure 3.114 Pituitary adenoma destroying the sella turcica and growing into the sphenoid sinus. Note extension of part of the tumor into the suprasellar region.]Figure 3.114 Pituitary adenoma destroying the sella turcica and growing into the sphenoid sinus. Note extension of part of the tumor into the suprasellar region.Identifying personal text has been concealed in this digital edition while retaining the medical image.
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[image: Figure 3.115 Pituitary adenoma compressing the optic chiasm.]

Figure 3.115 Pituitary adenoma compressing the optic chiasm.
[image: pathology268 · Enhanced image]
AI-enhanced image · Compare details and arrows with the book image

[image: Figure 3.116 Pituitary adenoma extending into the interpeduncular fossa, anterior to the midbrain and pons, and to the temporal lobe. This pattern usually occurs with chromophobe adenoma.]

Figure 3.116 Pituitary adenoma extending into the interpeduncular fossa, anterior to the midbrain and pons, and to the temporal lobe. This pattern usually occurs with chromophobe adenoma.
In some cases, the tumor extends laterally through the cavernous sinus into the middle cranial fossa (Figure 3.117), causing ophthalmoplegia and facial numbness in the territories of the ophthalmic and maxillary nerves.

Spontaneous hemorrhage into the tumor occurs in a few cases and is fatal in nearly all such patients.

The tumor is gray-pink, demarcated, moderately vascular, and soft, so it can be readily aspirated or excised during surgery. Some tumors undergo necrosis; when the capsule is incised, cream-like tumor material flows out. Some form cysts containing straw-colored or brown fluid, the latter indicating previous hemorrhage.

[image: Figure 3.117 Chromophobe adenoma extending through the cavernous sinus into the middle cranial fossa, causing facial numbness and ophthalmoplegia.]Figure 3.117 Chromophobe adenoma extending through the cavernous sinus into the middle cranial fossa, causing facial numbness and ophthalmoplegia.
HISTOLOGY As stated above, histologic examination with H & E staining and ordinary light microscopy is insufficient to identify tumor-cell ultrastructure and hormones produced within the cells. Electron microscopy and immunocytochemistry are required. Readers interested in tumor-cell ultrastructure may consult reference (51).

In institutions without these special investigative facilities, ordinary staining and light microscopy remain usable, dividing adenomas into three types according to staining: chromophobe, acidophilic, and basophilic adenomas. These names are still used by most neurosurgeons.

The cellular patterns of each tumor type are as follows:

CHROMOPHOBE ADENOMA

These tumors consist of chromophobe cells in which hormone-secretory granules are not visible. Histologically, the cells are arranged in three patterns.

Type 1, the diffuse pattern, is the most common. It consists of polygonal cells of uniform size with pale-staining cytoplasm. Groups of cells are separated by connective tissue stroma. Sometimes the cytoplasm is clear, producing a space around the nucleus (Figure 3.118).

[image: Figure 3.118 Chromophobe adenoma with uniformly sized cells and pale-staining cytoplasm in a diffuse pattern. Cell groups are separated by connective tissue. Note the resemblance of the cells to oligodendroglioma.]Figure 3.118 Chromophobe adenoma with uniformly sized cells and pale-staining cytoplasm in a diffuse pattern. Cell groups are separated by connective tissue. Note the resemblance of the cells to oligodendroglioma.
Type 2, the sinusoid pattern, has cells arranged around blood vessels (Figure 3.119), resembling an ependymoma or astroblastoma.
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[image: Figure 3.119 Sinusoid pattern of chromophobe adenoma, with cells arranged around blood vessels.]

Figure 3.119 Sinusoid pattern of chromophobe adenoma, with cells arranged around blood vessels.
Type 3, the papillary pattern, has cells arranged around connective tissue cores containing blood vessels (Figure 3.120).

Several cellular patterns may be present within the same tumor.
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[image: Figure 3.120 Papillary pattern of chromophobe adenoma, with cells arranged around connective tissue cores containing blood vessels.]

Figure 3.120 Papillary pattern of chromophobe adenoma, with cells arranged around connective tissue cores containing blood vessels.
ACIDOPHILIC ADENOMA

The tumor cells are relatively densely packed without a specific pattern. Only a small amount of connective tissue stroma lies between cell groups, and blood vessels are seen in some areas. The important feature is the presence of cytoplasmic granules staining pink-red with H & E (Figure 3.121). Chromophobe cells are usually also present in acidophilic adenomas.
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[image: Figure 3.121 Acidophilic adenoma composed of cells with cytoplasmic granules staining pink-red (H & E).]

Figure 3.121 Acidophilic adenoma composed of cells with cytoplasmic granules staining pink-red (H & E).
BASOPHILIC ADENOMA

These consist of cells resembling the beta cells of the pituitary gland, with round, pale nuclei and purple-staining cytoplasm.

PITUITARY ADENOCARCINOMAS

This is a carcinoma of the anterior pituitary cells, occurring more often in chromophobe cells than in other cell types, and is very rare. The tumor has high mitotic activity and malignant features: (1) local infiltration into the dura, bone, brain substance, and sinuses, unlike adenomas, which expand by compressing adjacent structures; (2) dissemination through the CSF; and (3) metastasis to other organs. The author has encountered only one pituitary adenocarcinoma, in a 13-year-old boy who presented with headache and blurred vision for four months. Examination showed bitemporal hemianopia and early optic atrophy. CT demonstrated a sellar tumor extending into the suprasellar region. The tumor was removed, and histology showed pituitary adenocarcinoma. Two months after surgery, the patient developed paraparesis. Investigation revealed compression of the upper thoracic cord by a tumor. Laminectomy disclosed a tumor in the subarachnoid space compressing the spinal cord. It was soft and gray-brown (Figure 3.122). The tumor was dissected out, and histology again showed pituitary adenocarcinoma, identical to the tumor in the sella turcica.
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[image: Figure 3.122 Spinal subarachnoid pituitary adenocarcinoma. Note the gray-brown tumor. The patient underwent removal of a pituitary adenocarcinoma two months earlier.]

Figure 3.122 Spinal subarachnoid pituitary adenocarcinoma. Note the gray-brown tumor. The patient underwent removal of a pituitary adenocarcinoma two months earlier.
Original pages 167–168
GLOMUS JUGULARE TUMORS

These tumors arise from small cell clusters (glomus bodies), composed of non-chromaffin paraganglioma cells belonging to the chemoreceptor system, like the carotid and aortic bodies. These cells lie within the petrous portion of the temporal bone, attached to the adventitia of the jugular bulb and adjacent to the floor of the middle ear,(53) or the tympanic branch of the glossopharyngeal nerve. Alternative names include chemodectomas and nonchromaffin paragangliomas. They are very rare, slow-growing tumors, usually occurring in middle age.

Pathology These tumors are highly vascular and reddish. They receive blood from the ascending pharyngeal artery, sometimes supplemented by branches of the posterior auricular, occipital, and internal maxillary arteries. Most begin in the adventitia of the jugular bulb and extend into the middle ear, bulging the tympanic membrane or perforating into the external auditory canal, where they can be seen with an otoscope. Some patients have bleeding from the ear. As the tumor enlarges, it destroys the petrous temporal bone and enters the posterior fossa at the jugular foramen, forming a mass in the cerebellopontine angle and compressing cranial nerves IX, X, and XI. Other manifestations of a cerebellopontine-angle tumor occur as described earlier. In some cases, the mass grows downward to lie beside the pharynx, and it may extend into the internal jugular vein.

The histology is characteristic: clear cells with central nuclei and fine cytoplasmic granules are arranged in clusters separated by thin-walled blood vessels and fibrous tissue (Figure 3.123).
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[image: Figure 3.123 Glomus jugulare tumor. Histology shows cells with fine, pale-staining cytoplasmic granules, arranged in clusters separated by fibrous tissue and blood vessels.]

Figure 3.123 Glomus jugulare tumor. Histology shows cells with fine, pale-staining cytoplasmic granules, arranged in clusters separated by fibrous tissue and blood vessels.
Original pages 168–171
CHORDOMA

This is another tumor arising outside the brain and enlarging to compress the brain and nerves. It arises from remnants of the notochord within midline bones, from the skull base at the sella and clivus down the vertebral column to the coccyx.

Abnormalities of the notochord usually occur at its cranial and caudal ends; chordomas are therefore most frequently found at the clivus and sacrococcygeal region.

Intracranial chordomas accounted for 0.2% of a series of 6,000 intracranial tumors.(54) They occur at all ages, but most commonly at approximately 35–40 years.(55)

The favored sites are the clivus and beneath the sella turcica. As the tumor grows, it destroys bone, enters the epidural space, and then penetrates the dura to lie anterior to the brainstem. It compresses the brainstem, cranial nerves according to the direction of spread, and vessels at the base of the brain.

Pathology Chordomas are soft, gelatinous, gray-white tumors with a nodular surface and foci of hemorrhage. In addition to compressing the pons and medulla, they may extend laterally into the middle fossa (Figure 3.124), cavernous sinus, and cerebellopontine angle. Some extend downward, forming a bulge in the nasopharynx.
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[image: Figure 3.124 Chordoma of the clivus, with a soft, gelatinous consistency and nodular surface, extending into the cavernous sinus and middle cranial fossa.]

Figure 3.124 Chordoma of the clivus, with a soft, gelatinous consistency and nodular surface, extending into the cavernous sinus and middle cranial fossa.
HISTOLOGY The cells have a characteristic large cytoplasmic vacuole, giving a bubbly appearance termed “physaliphorous.”(56) They are similar in size and appearance and form clusters separated into compartments by fibrous tissue (Figure 3.125 A, B). Abundant mucin lies between the cells,
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[image: Figure 3.125 A. Chordoma composed of cells with large cytoplasmic vacuoles, giving a sponge-like (physaliphorous) appearance. Cell clusters are separated by fibrous tissue. B. Chordoma cells with a bubbly (physaliphorous) appearance.]

Figure 3.125 A. Chordoma composed of cells with large cytoplasmic vacuoles, giving a sponge-like (physaliphorous) appearance. Cell clusters are separated by fibrous tissue.
B. Chordoma cells with a bubbly (physaliphorous) appearance.
which can be demonstrated with a mucin stain. Chordoma is a benign tumor, so mitotic figures are not found. However, because it extends in all directions and lies in a location where complete surgical removal is very difficult, recurrence is frequent.

Original pages 171–172
CARCINOMAS OF THE NASOPHARYNX

In addition to the chordomas and glomus jugulare tumors described above, tumors arising at the skull base and extending intracranially include carcinomas of the nasopharynx and paranasal sinuses. Nasopharyngeal carcinoma is common among Thai people of Chinese ancestry, whereas carcinoma of the paranasal sinuses is less common.

As a nasopharyngeal tumor grows, it extends into the sphenoid and ethmoid sinuses and through the skull-base foramina transmitting cranial nerves, destroying the surrounding bone. Skull radiographs show loss of the air shadow in the sphenoidal sinus, replaced by soft-tissue density, together with loss of portions of bone. Further enlargement destroys the sellar bone and surrounding areas, ultimately forming a mass in the sellar region (Figure 3.126). The nearby optic, oculomotor, trigeminal, trochlear, and abducens nerves are compressed and lose function. Cranial nerves VII through XII are seldom affected unless the mass is very large and extends to the pons and medulla.

Usual manifestations include epistaxis, facial numbness or pain, ophthalmoplegia, and loss of vision. In some cases, in addition to destroying the sellar bone, the tumor extends into the orbit, producing exophthalmos on that side (Figure 3.127).

Transitional cell carcinoma is the most common type of nasopharyngeal tumor extending intracranially. Other types include malignant papilloma and fibroepithelioma.

[image: pathology284 · Enhanced image]
AI-enhanced image · Compare details and arrows with the book image

[image: Figure 3.126 Nasopharyngeal carcinoma extending into the skull base and destroying the medial sphenoid wing. Note encasement of the right optic nerve, oculomotor nerve, and internal carotid artery by tumor.]

Figure 3.126 Nasopharyngeal carcinoma extending into the skull base and destroying the medial sphenoid wing. Note encasement of the right optic nerve, oculomotor nerve, and internal carotid artery by tumor.
[image: Figure 3.127 Nasopharyngeal carcinoma destroying the left sellar bone and extending into the orbit, causing unilateral exophthalmos.]Figure 3.127 Nasopharyngeal carcinoma destroying the left sellar bone and extending into the orbit, causing unilateral exophthalmos.
Original pages 172–179
METASTATIC BRAIN TUMORS

These brain tumors result from spread of cancer elsewhere in the body. Reported frequencies vary considerably, depending on whether the report comes from a neurosurgeon or a neuropathologist. The most frequent primary is lung cancer, followed by breast cancer. Primaries in the kidney, prostate gland, and gastrointestinal tract are very uncommon. Cutaneous melanoma and chorioepithelioma have a strong tendency to spread to the brain, but fortunately these tumors are rare. The third most common group, after breast cancer, comprises cancers whose primary organ cannot be identified. These patients present with manifestations of a malignant brain tumor, and surgery establishes that the brain lesion is metastatic from another organ. Various investigations fail to locate the primary. Thyroid and prostate cancers tend to metastasize to the skull; the author has never encountered direct metastasis to the brain from either.

Children differ from adults because lung and breast cancers are not encountered in children. Instead, there are other rare tumors, including neuroblastoma, rhabdomyosarcoma, and Wilms tumor. Among these, Wilms tumor metastasizes to the brain two to five times more frequently than neuroblastoma and rhabdomyosarcoma.(57)

Age The age at which these brain tumors occur corresponds to that of the underlying cancer and varies with tumor type. Most patients are approximately 40–60 years old.

Pathogenesis There are two principal routes by which cancer reaches the brain: the bloodstream and direct extension into the cranial cavity, as with nasopharyngeal carcinoma described earlier. This section deals only with hematogenous spread. Spread through lymphatic vessels is not possible because the human brain has no lymphatic vessels.

Most cancer cells detach and reach the brain through arteries. The likelihood of tumor formation differs between brain regions according to their unequal blood flow. Regions supplied by the internal carotid artery receive more blood than those supplied by the vertebrobasilar arteries. Metastatic brain tumors therefore occur more often supratentorially than infratentorially, most commonly in the middle cerebral artery territory.

Pathology
Cancer spreading into the cranial cavity may occur at the following sites:

1) The dura, from which it enlarges into the subdural space and compresses the cortical surface, producing focal manifestations when large. In the author’s experience, these are usually small, round nodules. Tumors may also grow in the epidural space (Figure 3.128). Some may become very large, as in Figure 3.129. This patient was admitted to the psychiatry department with psychiatric symptoms and deterioration in personality. Two months later, the patient died from raised intracranial pressure. Examination of the brain revealed a large extradural mass over the left frontal lobe. Its surface was irregular and its color was green, resembling bile. Histology showed hepatoma. This is the only case of metastatic brain tumor from hepatoma encountered by the author.
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[image: Figure 3.128 Metastatic tumor in the epidural space.]

Figure 3.128 Metastatic tumor in the epidural space.
[image: Figure 3.129 Large metastatic tumor in the epidural space over the frontoparietal lobe, with an irregular surface and a bile-green color. Histology showed hepatoma.]Figure 3.129 Large metastatic tumor in the epidural space over the frontoparietal lobe, with an irregular surface and a bile-green color. Histology showed hepatoma.
2) The leptomeninges. Cancer cells disseminate throughout the leptomeninges, subarachnoid space, and Virchow–Robin spaces, usually without a visible mass; thus this should not be termed a tumor mass. Grossly, the arachnoid membrane is thickened, cloudy, and grayish. The ventricles are often enlarged because of hydrocephalus. Histology shows numerous cancer cells in the subarachnoid space (Figure 3.130).

[image: Figure 3.130 Dense dissemination of cancer cells in the subarachnoid space.]Figure 3.130 Dense dissemination of cancer cells in the subarachnoid space.
3) The brain substance. This is the most common type and forms a distinct mass, usually at the junction of white and gray matter (Figure 3.131). This is because that region is the junction between capillaries and venules, where cancer cells lodge and then grow inward or toward the cortical surface. The vessel containing the cancer cells becomes a feeding vessel for the tumor and enlarges and becomes more tortuous, as seen on angiography. This appearance is used in angiographic diagnosis of the tumor type.
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[image: Figure 3.131 Metastatic brain tumors at the junction of white and gray matter. Note the multiple lesions, an important diagnostic feature.]

Figure 3.131 Metastatic brain tumors at the junction of white and gray matter. Note the multiple lesions, an important diagnostic feature.
There may be a solitary mass or multiple masses (Figure 3.131), occurring simultaneously in the cerebral hemispheres, cerebellum, and brainstem of the same patient. When multiple lesions occur, they vary in size (Figure 3.132) because they reach the brain at different times. The masses are well demarcated. Larger masses tend to extend medially into white matter and often show cystic degeneration or necrosis. During surgery, aspiration of a cyst before tumor dissection may yield thick whitish-pale-yellow fluid resembling pus, raising suspicion of a brain abscess. However, the clinical history and a mass on chest radiography should suggest metastasis. Intraoperative frozen section can distinguish the two clearly. A mass close to the cortical surface and dura may cause a dural reaction and adhere to the dura, resembling a meningioma at surgery.

[image: Figure 3.132 Multiple metastatic brain tumors of different sizes, an important diagnostic feature. Note solid, cystic, and hemorrhagic lesions.]Figure 3.132 Multiple metastatic brain tumors of different sizes, an important diagnostic feature. Note solid, cystic, and hemorrhagic lesions.
An important feature of metastatic brain tumors is cerebral edema, which may be severe and unrelated to the size of the mass. Even a small tumor may cause extensive edema (Figure 3.133), clearly visible on CT. This can cause rapid deterioration through raised intracranial pressure and herniation. The softness of the surrounding brain, however, facilitates dissection and removal of the tumor.

[image: Figure 3.133 Metastatic brain tumor with marked surrounding cerebral edema unrelated to the size of the mass.]Figure 3.133 Metastatic brain tumor with marked surrounding cerebral edema unrelated to the size of the mass.
The cut surface is gray-pink. Some tumors are solid, whereas others are cystic. Mucin-producing tumors may contain pale-green, gelatinous fluid within the cyst. Cyst fluid may also be brown because of previous hemorrhage.

A metastatic brain tumor may destroy brain substance, dura, and skull at the same site. The patient in Figure 3.134 had breast cancer with multiple brain metastases and metastases in both lungs. Biopsy of a swelling on the forehead showed breast cancer. At surgery, the skull was found to have been destroyed by the tumor. Edema surrounding the frontal-lobe mass suggested a tumor within the brain substance, but it was difficult to determine whether the lesion began in the brain, dura, or skull before extending into and destroying the other structures. Nevertheless, this example demonstrates that a metastatic tumor may destroy the brain, dura, and skull in the same region.

[image: Figure 3.134 Metastatic brain tumor destroying the brain, dura mater, and skull. Note another lesion in the occipital lobe. This patient had breast cancer.]Figure 3.134 Metastatic brain tumor destroying the brain, dura mater, and skull. Note another lesion in the occipital lobe. This patient had breast cancer.Identifying personal text has been concealed in this digital edition while retaining the medical image.
HISTOLOGY
The histology follows that of the cancer in the primary organ and need not be described here.
Original pages 179–181
METASTATIC MELANOMA

Melanoma most often arises in the skin and has a very strong tendency to metastasize to the brain. The primary lesion should therefore receive attention and treatment at an early stage. Fortunately, this tumor is very rare.

Pathology
Like other cancers, melanoma spreads through the bloodstream. It may form a solitary brain lesion or multiple lesions, but usually occurs at multiple sites, both superficially and deep within the brain. Marked edema surrounds the tumors, as with other cancers. The distinctive gross feature of melanoma is its black color (Figure 3.135). The masses are well demarcated (Figure 3.136), with a homogeneous black-brown cut surface and a soft consistency.

[image: Figure 3.135 Metastatic malignant melanoma in the brain. Note the multiple black tumors.]Figure 3.135 Metastatic malignant melanoma in the brain. Note the multiple black tumors.
[image: Figure 3.136 Surgical specimen showing a well-demarcated black malignant melanoma.]Figure 3.136 Surgical specimen showing a well-demarcated black malignant melanoma.
HISTOLOGY
The tumor consists of small melanotic cells with round nuclei and prominent nucleoli. Its characteristic feature is melanin pigment within the cytoplasm (Figure 3.137).

[image: pathology299 · Enhanced image]
AI-enhanced image · Compare details and arrows with the book image

[image: Figure 3.137 Malignant melanoma. Note cytoplasmic melanin pigment and mitosis.]

Figure 3.137 Malignant melanoma. Note cytoplasmic melanin pigment and mitosis.
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