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HEMANGIOBLASTOMA

This is a benign tumor arising from vascular endothelial cells, with a predilection for the posterior fossa. It is often found in middle-aged adults around 30–40 years old. The cerebellum is the most common location, either the vermis or a cerebellar hemisphere. The tumor may consist of a cyst with a mural nodule or a solid mass alone, but 90% of these tumors have an associated cyst.(122) Cerebellar hemangioblastomas may be solitary or multiple; the author has encountered as many as two lesions in one patient (Figure 7.122). Some patients also have hemangioblastomas elsewhere in the CNS, such as the spinal cord. Cerebral hemangioblastomas are very rare.

Associated conditions include syringomyelia and polycythemia or erythrocytosis. Syringomyelia occurs with spinal cord hemangioblastomas. Polycythemia is consistently associated with hemangioblastoma, regardless of location, and can aid clinical diagnosis. The tumor is believed to secrete erythropoietin, a hormone isolated from cyst fluid, tumor tissue, and the patient's plasma.(123) Erythrocytosis returns to normal after complete tumor removal, but may recur if residual tumor regrows after incomplete removal. Testing for erythrocytosis may therefore indicate whether removal was complete or whether the tumor has regrown.(124)

Cystic hemangioblastomas usually have a small nodule in the cyst wall, most often posteriorly (Figure 7.118). The cyst contains yellow fluid with a high protein concentration, which may clot on standing. A defining feature of the tumor nodule is its rich blood supply. Its feeding vessels are large, and its veins are consistently enlarged and contain arterialized blood, visible both on angiography and during surgery. This gives an appearance resembling an AVM, a feature not seen in other cerebellar tumors and therefore another aid to diagnosis.

Hemangioblastoma is a component of von Hippel–Lindau syndrome. This syndrome comprises a hemangioblastoma at some site in the CNS, accompanied by one or more of the following: retinal angiomatosis, hepatic and renal angiomas, renal cell carcinoma, pheochromocytoma, and pancreatic and renal cysts.(125)
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Symptoms and Signs

Because these tumors usually arise in the cerebellum, patients present with cerebellar manifestations: ataxia, incoordination on the side of the tumor, and nystagmus, together with symptoms of raised intracranial pressure caused by obstruction of CSF flow, including headache, vomiting, and papilledema. Headache is the earliest and most common symptom. These manifestations are not specific to any particular tumor, and further investigations are needed to establish its type. Some patients may develop sudden severe headache and lose consciousness. For example, a 35-year-old male engineer suddenly developed occipital headache and vomiting. Shortly afterward, he became drowsy and then unconscious, with rigidity of the limbs on both sides and hyperventilation. The history strongly suggested intracranial hemorrhage. Angiography, performed when CT was not yet available, showed a vascular cerebellar tumor (Figure 7.117) and signs of hydrocephalus. Ventriculostomy revealed blood in the CSF. After a period of CSF drainage, his condition improved and the tumor was removed. It proved to be a hemangioblastoma responsible for intraventricular hemorrhage. After surgery, he recovered sufficiently to return to desk work.

[image: Figure 7.117. A vascular cerebellar tumor in a patient who became unconscious because of intraventricular hemorrhage. Histological examination showed hemangioblastoma.]Figure 7.117. A vascular cerebellar tumor in a patient who became unconscious because of intraventricular hemorrhage. Histological examination showed hemangioblastoma.
[image: Figure 7.118. CT showing a cystic cerebellar tumor with a mural nodule (arrow). Histological examination showed hemangioblastoma.]Figure 7.118. CT showing a cystic cerebellar tumor with a mural nodule (arrow). Histological examination showed hemangioblastoma.
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Diagnosis

Cerebellar symptoms and signs alone cannot establish the diagnosis. A thorough examination of the rest of the body is also necessary, looking for components of von Hippel–Lindau syndrome, including retinal angiomatosis, pheochromocytoma, and pancreatic and renal cysts. Blood should also be tested for polycythemia, which is consistently associated with this tumor.

Radiological investigations are important for both diagnosis and treatment.

CT and MRI demonstrate both cystic and noncystic tumors. Contrast-enhanced CT clearly shows the cyst and the hyperdense mural nodule (Figure 7.118), providing valuable information for operative planning.

[image: Figure 7.119. Vertebral angiogram showing tumor staining associated with an avascular cystic component.]Figure 7.119. Vertebral angiogram showing tumor staining associated with an avascular cystic component.
[image: Figure 7.120. Vertebral angiogram showing abundant vessels confined to the tumor periphery. Histological examination showed hemangioblastoma.]Figure 7.120. Vertebral angiogram showing abundant vessels confined to the tumor periphery. Histological examination showed hemangioblastoma.
[image: Figure 7.121. A highly vascular solid cerebellar hemangioblastoma without a cyst.]Figure 7.121. A highly vascular solid cerebellar hemangioblastoma without a cyst.
[image: Figure 7.122. Multiple solid cerebellar hemangioblastomas.]Figure 7.122. Multiple solid cerebellar hemangioblastomas.
Vertebral angiography is very helpful in diagnosing hemangioblastoma and should be performed whenever this tumor is suspected. It demonstrates abnormal feeding arteries, tumor vascularity, and draining veins, all of which are important for successful surgery with minimal blood loss. Most hemangioblastomas show intense tumor staining and very well-defined margins. Four patterns have been observed: i) a stained mural nodule surrounded by an avascular cyst (Figure 7.119); ii) a tumor with no abnormal central vessels but abnormal vessels around its periphery, forming a vascular ring (Figure 7.120), indicating central degeneration or a cyst; iii) a solid tumor without a cyst (Figure 7.121); and iv) multiple foci of tumor staining (Figure 7.122)
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Treatment of Hemangioblastoma

Surgical removal is the best treatment. Complete removal cures the patient because the tumor is benign. Cystic tumors with a mural nodule respond well to removal of the nodule. In contrast, hemangioblastomas of the brainstem cannot be removed completely and will regrow.

[image: Figure 7.123. Surgery for a cerebellar hemangioblastoma with a mural nodule and cyst. A. A red tumor near the surface of the left cerebellar hemisphere, with a red draining vein. B. The cyst after removal of the tumor, showing no tumor tissue in its wall. C. The tumor and dark tea-colored fluid obtained from the cyst.]Figure 7.123. Surgery for a cerebellar hemangioblastoma with a mural nodule and cyst.
A. A red tumor near the surface of the left cerebellar hemisphere, with a red draining vein.
B. The cyst after removal of the tumor, showing no tumor tissue in its wall.
C. The tumor and dark tea-colored fluid obtained from the cyst.
Operative technique. For tumors in the posterior fossa, a suboccipital craniectomy is performed with the patient sitting or semiprone. A midline incision can be used for tumors of the vermis or cerebellar hemisphere; a paramedian incision is another option for a hemispheric tumor.

The principles of tumor removal are as follows:

1) For a cyst with a mural nodule, complete removal of the nodule alone is sufficient; the cyst need not be removed (Figure 7.123A–C). On opening the dura, the mural nodule is usually found adjacent to the cerebellar pia. Its red color indicates a rich blood supply. Surrounding yellow hemosiderin indicates previous tumor hemorrhage. The cortical vein contains bright red blood, reflecting drainage from a highly vascular tumor with shunting. Removal must not begin by dividing the cortical vein draining the tumor. First incise the cerebellar tissue immediately adjacent to the medial and superior tumor margins, allowing branches from the vermian and superior cerebellar arteries to be divided first and reducing blood loss. The vein will turn dark. The draining vein is divided close to the tumor only at the end. The cyst wall need not be dissected out because it contains no tumor cells and will not give rise to a recurrent mass. Attempting to remove it would damage the cerebellum. In this patient, only the mural nodule was removed; follow-up for 10 years showed no symptoms of recurrence. Other patients have had similar results.

2) A large, highly vascular solid tumor without a cyst should be removed using the same principles as an AVM. All or most of the surrounding arterial feeders must first be divided. The tumor is then gradually dissected out in one piece, leaving the venous drainage to be divided last. Biopsy or piecemeal debulking to make removal easier should not be attempted, because this may cause massive hemorrhage that is sometimes uncontrollable and fatal. Histologically, these tumors consist of a network of thin-walled vessels lined only by endothelial cells. These vessels cannot contract, making hemostasis difficult.

The following case illustrates removal of a highly vascular solid tumor. The patient presented with symptoms of raised intracranial pressure and mild gait ataxia. CT was not yet available, so carotid angiography was performed first. It showed hydrocephalus, suggesting a posterior fossa lesion. Ventriculography then demonstrated obstruction of the fourth ventricle (Figure 7.124). The posterior fossa was explored without preceding vertebral angiography. This was very risky because the tumor feeders and draining veins had not been studied before surgery. Opening the dura revealed a group of red vessels over the cerebellar tonsil, hemisphere, and lower vermis (Figure 7.125A). Dissection must not begin at these surface vessels: they are draining veins carrying arterialized blood, and injury would cause severe bleeding. Instead, the cerebellum should be incised and separated to expose the tumor margins. The ventriculogram showed a tumor obstructing the fourth ventricle, with its upper portion still visible, indicating the superior tumor margin and the appropriate point of approach. The vermis therefore had to be divided in the midline and separated to both sides, exposing the superior and bilateral lateral tumor margins (Figure 7.125B). Once the margins were clearly exposed, feeders from the posterior inferior and superior cerebellar arteries could be coagulated with bipolar forceps and divided. The tumor visibly shrank and could be turned to reveal additional branches that were easily coagulated and divided. Gradual retraction of the tumor from anterior to posterior allowed complete removal after division of the draining vein at the tonsil, without damage to the floor of the fourth ventricle (Figure 7.125C). The patient recovered and had no subsequent recurrence.

In this case, dissection from posterior to anterior, starting at the tonsil, would have made the tumor margins difficult to see. A draining vein crossed the approach and could have been dangerously torn.

For multiple posterior fossa hemangioblastomas, the same operative principles apply as for a solitary lesion. Identify the arterial feeders first, coagulate them with bipolar forceps, and divide them before removing the tumors.

[image: Figure 7.124. Contrast ventriculogram showing fourth ventricular obstruction and hydrocephalus. A. Frontal view. B. Lateral view.]Figure 7.124. Contrast ventriculogram showing fourth ventricular obstruction and hydrocephalus.
A. Frontal view.
B. Lateral view.
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Radiotherapy

For tumors that cannot be completely removed, or inoperable tumors located in the brainstem, radiotherapy at a dose of 5000 rad may reduce tumor size, slow growth, and decrease vascularity, prolonging survival.(126,127)

[image: Figure 7.125. Surgery for cerebellar hemangioblastoma. A. A highly vascular tumor in the lower vermis, with a very large draining vein resembling an AVM. B. Midline division of the lower vermis clearly exposes the margins of the highly vascular tumor. C. After complete removal, the fourth ventricle and brainstem remain intact.]Figure 7.125. Surgery for cerebellar hemangioblastoma.
A. A highly vascular tumor in the lower vermis, with a very large draining vein resembling an AVM.
B. Midline division of the lower vermis clearly exposes the margins of the highly vascular tumor.
C. After complete removal, the fourth ventricle and brainstem remain intact.
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CRANIOPHARYNGIOMA

Craniopharyngioma is a benign maldevelopmental tumor arising from squamous epithelial remnants of Rathke’s pouch. This pouch of buccal epithelium grows upward to join the downward extension of the diencephalon, forming the pituitary gland. Rathke’s pouch subsequently becomes the craniopharyngeal duct. The proximal duct later disappears, losing its connection with the buccal cavity, while its distal portion forms the anterior pituitary lobe, pars intermedia, and pituitary stalk. Residual duct cells anywhere along this course may develop into a craniopharyngioma. Other names include Rathke’s pouch tumor or cyst, suprasellar cyst, adamantinoma, and cholesteatoma.

Craniopharyngioma is not, strictly speaking, a true neoplasm, but a mass formed by epithelial proliferation and separation. Epithelial debris subsequently desquamates into the cyst and eventually breaks down into cholesterol ester crystals in the cyst fluid. Epithelial growth stimulates reactive tissue formation within the mass, and calcification is invariably present.(128)

Craniopharyngioma is the most common childhood tumor after tumors arising from glial cells, occurring particularly at about 10–20 years of age. It also occurs in adults, but less frequently.

The embryological development of the pituitary gland explains the relationship of craniopharyngioma to the sella turcica. Clinically, three locations can be distinguished: i) intrasellar, ii) suprasellar, and iii) intraventricular. Their symptoms and signs differ, and the operative techniques also vary somewhat.

[image: Figure 7.126. Intrasellar craniopharyngioma containing a cyst and calcification. The tumor compresses the anterior pituitary lobe; the optic chiasm and anterior cerebral artery are not compressed or displaced.]Image enhanced and colorized with AI · Switch to the original imageFigure 7.126. Intrasellar craniopharyngioma containing a cyst and calcification. The tumor compresses the anterior pituitary lobe; the optic chiasm and anterior cerebral artery are not compressed or displaced.
Intrasellar craniopharyngioma is a tumor arising within the sella turcica (Figure 7.126). It is less common than the suprasellar type. Compression of the pituitary causes early loss of function, producing symptoms similar to those of a pituitary tumor and enlargement of the sella turcica. Most patients present after the tumor has enlarged and extended through the diaphragma sellae into the suprasellar region, giving it a dumbbell shape. It may extend anterior or posterior to the chiasm, affecting both the clinical manifestations and the difficulty of removal. Prechiasmatic tumors are easier to remove than those extending posteriorly.

Suprasellar craniopharyngioma is the most common type. The tumor lies above the diaphragma sellae and usually expands anterior to the chiasm. It generally causes no sellar changes and does not compress the pituitary itself. The expanding mass may lie anterior to the chiasm (prechiasmatic), beneath it and displace it upward (subchiasmatic), or extend behind it (retrochiasmatic) (Figure 7.127A–C). Posterior and superior extension compresses the inferior third ventricle and hypothalamus and may obstruct the foramen of Monro, producing obstructive hydrocephalus and symptoms of raised intracranial pressure. Complete dissection in this situation is difficult and potentially fatal because it can damage the hypothalamus, which is often adherent to the tumor as a result of reactive gliosis. Extension into the retroclival and interpeduncular cisterns is very rare.

[image: Figure 7.127. Suprasellar craniopharyngioma. A. Suprasellar prechiasmatic craniopharyngioma lies anterior to the optic chiasm and expands beneath the frontal lobe and corpus callosum. B. Suprasellar subchiasmatic craniopharyngioma displaces the chiasm and foramen of Monro upward and the pituitary downward. C. Suprasellar retrochiasmatic craniopharyngioma extends behind the chiasm into the interpeduncular fossa, obstructing the foramen of Monro and aqueduct of Sylvius. The optic chiasm and anterior cerebral artery are displaced forward.]Image enhanced and colorized with AI · Switch to the original imageFigure 7.127. Suprasellar craniopharyngioma.
A. Suprasellar prechiasmatic craniopharyngioma lies anterior to the optic chiasm and expands beneath the frontal lobe and corpus callosum.
B. Suprasellar subchiasmatic craniopharyngioma displaces the chiasm and foramen of Monro upward and the pituitary downward.
C. Suprasellar retrochiasmatic craniopharyngioma extends behind the chiasm into the interpeduncular fossa, obstructing the foramen of Monro and aqueduct of Sylvius. The optic chiasm and anterior cerebral artery are displaced forward.
[image: Figure 7.128. Intraventricular craniopharyngioma displaces the floor of the third ventricle downward and the chiasm, lamina terminalis, and anterior cerebral artery forward. The foramen of Monro is obstructed.]Image enhanced and colorized with AI · Switch to the original imageFigure 7.128. Intraventricular craniopharyngioma displaces the floor of the third ventricle downward and the chiasm, lamina terminalis, and anterior cerebral artery forward. The foramen of Monro is obstructed.
Intraventricular craniopharyngioma arises within the third ventricle, a very rare location. It usually obstructs the foramen of Monro (Figure 7.128). It can be extremely difficult to distinguish this type from a suprasellar craniopharyngioma extending upward into the third ventricle. This distinction is important surgically: if a suprasellar tumor is approached intraventricularly, the inferior hypothalamus will be damaged before the tumor is reached.
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Symptoms and Signs

Craniopharyngioma does not produce hormones, invade brain tissue, or spread elsewhere. Symptoms result from expansion and compression of the adjacent brain, nerves, CSF pathways, and blood vessels. The principal manifestations are:

1) Visual loss from compression of the optic nerve, chiasm, or optic tract, together with involvement of other cranial nerves.

2) Pituitary and hypothalamic dysfunction, usually producing hypopituitarism and diabetes insipidus.

3) Raised intracranial pressure due to obstruction of CSF flow in the basal cisterns and at the foramen of Monro.

4) Frontal and temporal lobe signs when a large tumor extends into the posterior frontal and medial temporal regions.

The tumor grows slowly, so symptoms develop gradually. Children usually present with raised intracranial pressure because they are often unaware of visual abnormalities. Adults more often present with visual and hormonal symptoms.

Visual symptoms result from compression of the optic nerve, chiasm, or optic tract. Recognition is often delayed in children; some are identified only when they repeatedly bump into objects. Visual acuity and visual field impairment are usually unequal between the eyes, depending on the direction of tumor extension. Various field defects may occur, but because most tumors occupy the midline suprasellar region, temporal field loss is usually present. It may initially be asymmetric, but later progressive bitemporal hemianopia develops, ultimately leading to blindness. Rarely, posterior extension compresses an optic tract and produces homonymous hemianopia. Prolonged optic nerve compression causes primary optic atrophy, with a pale optic disc and progressive loss of acuity until vision is lost.

[image: Figure 7.129. A 16-year-old patient with craniopharyngioma, showing delayed growth and immature genitalia (hypogenitalism).]Figure 7.129. A 16-year-old patient with craniopharyngioma, showing delayed growth and immature genitalia (hypogenitalism).
Pituitary and hypothalamic symptoms. Compression of the pituitary causes hypofunction, with reduced secretion of growth hormone and thyrotrophic, adrenotrophic, and gonadotrophic hormones. Growth hormone deficiency is most conspicuous. Patients are short and fail to grow appropriately for their age. They are often tired and weak, with small, immature genitalia and absent pubic hair (Figure 7.129). The skin is dry and pale. Intelligence initially remains appropriate for age, but cognition gradually deteriorates late in the disease when intracranial pressure rises. Children with concomitant thyrotrophic hormone deficiency are often obese.

Upward extension of a suprasellar tumor against the third ventricle and hypothalamus produces symptoms and signs of diabetes insipidus or disturbances of fat metabolism, causing either obesity or emaciation. Damage to the posterior third ventricular region may disrupt central autonomic regulation, producing hypersomnia or insomnia, hyperthermia or hypothermia, hyperglycemia or hypoglycemia, and excessive or reduced sweating.(129)

Hydrocephalus. A craniopharyngioma extending into or arising within the third ventricle may obstruct CSF flow at one or both foramina of Monro. Some tumors obstruct the entrance to the aqueduct of Sylvius. Obstruction at either site causes raised intracranial pressure. Children develop headache and vomiting, and tumors in young children may cause head enlargement.

Other neurological symptoms. A large craniopharyngioma may extend beyond the sellar region along the skull base, compressing the frontal and temporal lobes, cranial nerves, and brainstem (Figures 3.103 and 3.104). Extension along the floor of the anterior cranial fossa may cause anosmia, occasionally the only finding. Compression of the medial temporal lobe may produce uncinate fits (see the chapter on symptoms and signs). Posterior extension may impair the oculomotor, trochlear, trigeminal, and abducens nerves, as well as the corticospinal tract in the brainstem.
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Diagnosis of Craniopharyngioma

The patient’s age, the visual and hormonal abnormalities described above, and radiological investigations together permit a high degree of diagnostic accuracy. Measurement of growth hormone, antidiuretic hormone, thyrotrophin, and ACTH supports the diagnosis, although abnormalities are not specific to craniopharyngioma and may occur with other tumors in this region. Preoperative hormone measurements also help assess operative risk: hypoadrenalism and hypothyroidism may cause serious problems during and after surgery.(130)

Radiological investigations are particularly useful and offer a high degree of diagnostic accuracy. They include:

1. Skull radiographs. This simple, inexpensive examination often reveals diagnostic changes. Intrasellar or suprasellar calcification is a particularly important finding. Calcification is seen in up to 85% of childhood craniopharyngiomas and 40% of adult cases.(131,132) It may appear as small scattered nodules in the sellar region (Figure 6.12C), or as an eggshell-like curved line in the cyst wall (Figure 6.12A). In some cases it is not visible radiographically, although it is invariably present histologically.

Changes in the sella turcica depend on tumor location and intracranial pressure. Intrasellar craniopharyngioma produces changes resembling a pituitary adenoma, with ballooning of the sella and possible destruction of its floor. Suprasellar extension widens the sellar opening, flattens the dorsum sellae backward, and thins the anterior clinoid processes. A purely suprasellar tumor may leave the sella unchanged. In young children, raised intracranial pressure may produce sutural separation on skull radiographs.

2) CT and MRI. These newer investigations provide excellent diagnostic information. CT distinguishes calcified, solid, and cystic components (Figure 6.112). Coronal and sagittal CT or MRI is particularly useful for establishing whether a tumor is intrasellar, suprasellar, or dumbbell-shaped (Figure 6.129).

3) Angiography. The main purpose is to establish the relationship of the tumor to the internal carotid, anterior cerebral, and basilar arteries, rather than to demonstrate tumor feeders or vascularity. The vessels supplying craniopharyngiomas are small and difficult to see angiographically. Angiography therefore does not diagnose craniopharyngioma more accurately than CT or MRI.(130,133) It does, however, help exclude an aneurysm in this region, improving operative safety.

The angiographic appearance varies with tumor location. In large intrasellar tumors, the intracavernous internal carotid artery appears normal but may lie relatively high above the sellar floor, because tumor expansion has displaced the floor downward. The carotid siphon may be displaced laterally on the anteroposterior view, while the anterior cerebral artery remains unchanged. In suprasellar tumors, or intrasellar tumors with suprasellar extension, the appearance varies according to whether growth is anterior, inferior, or posterior to the optic chiasm. Important signs of a suprasellar mass are elevation of the clinoid segment of the internal carotid artery, opening of the carotid siphon on the lateral view, and elevation of the anterior cerebral artery. When the tumor extends anterior to the chiasm into the posterior frontal region, the clinoid segment of the internal carotid artery is depressed, while the anterior cerebral artery is bowed upward and backward, resembling a subfrontal tumor. With posterior extension, the anterior choroidal and posterior communicating arteries are displaced laterally, while the internal carotid bifurcation and anterior cerebral artery are elevated and displaced forward.

[image: Figure 7.130. Contrast ventriculogram showing a suprasellar mass displacing the inferior third ventricle upward, with sellar calcification. Histology confirmed craniopharyngioma.]Figure 7.130. Contrast ventriculogram showing a suprasellar mass displacing the inferior third ventricle upward, with sellar calcification. Histology confirmed craniopharyngioma.
4. Ventriculography and pneumoencephalography. Air ventriculography or an opaque contrast medium can clearly demonstrate a suprasellar mass (Figure 7.130). Pneumoencephalography (PEG) also delineates suprasellar tumor margins. Both ventriculography and pneumoencephalography have now been discontinued.

Original printed pages 854–864
Treatment of Craniopharyngioma

Complete surgical removal is the best treatment because the tumor is benign and can be cured. Unfortunately, craniopharyngiomas lie among vital structures—the hypothalamus, pituitary gland, optic nerves, chiasm, and major blood vessels—which obstruct access and make surgery difficult and hazardous. The tumor is often adherent to the hypothalamus, pituitary, and optic nerves, and attempts to separate it from these structures frequently have poor results. Most patients also present with large tumors, making attempted total removal particularly dangerous. Partial removal is therefore often necessary.

Surgical approaches. Several routes are available, depending on tumor location and size, cystic components, calcification, and hydrocephalus. The approach must be selected individually.

Six approaches to craniopharyngioma are described below.

1) SUBFRONTAL APPROACH This is suitable for anterior suprasellar tumors or intrasellar tumors extending into the suprasellar region anterior to the optic chiasm (Figure 7.131). It offers good visualization of the optic nerves, chiasm, ipsilateral internal carotid artery, and anterior circle of Willis. Its disadvantages are poor visualization of tumor beneath the optic nerves and chiasm and inability to see a tumor within the third ventricle. Craniotomy is performed on the right, the nondominant side, which is also more convenient for the usually right-handed surgeon. A left frontotemporal craniotomy may nevertheless be used when the mass extends into the left temporal or frontal region. The opening should be low, close to the anterior cranial fossa floor, to expose the sellar region well. If hydrocephalus is present, frontal ventricular drainage should first reduce intracranial pressure, permitting easy frontal lobe retraction and clear sellar exposure. The olfactory nerve should be coagulated and divided to prevent avulsion of the olfactory bulb from the cribriform plate, which could cause CSF rhinorrhea. Once the anterior clinoid process is identified, the optic nerve lies just medial to it. Microsurgical assistance is then used. Incising the arachnoid to open the chiasmatic cistern provides wider visualization of the optic nerves, chiasm, internal carotid artery, and tumor.

[image: Figure 7.131. Trans-subfrontal approach to a suprasellar craniopharyngioma anterior to the optic chiasm (prechiasmatic extension).]Image enhanced and colorized with AI · Switch to the original imageFigure 7.131. Trans-subfrontal approach to a suprasellar craniopharyngioma anterior to the optic chiasm (prechiasmatic extension).
[image: Figure 7.132. Routes to craniopharyngioma through the subfrontal approach. 1. prechiasmatic route 2. opticocarotid route 3. lamina terminalis route]Figure 7.132. Routes to craniopharyngioma through the subfrontal approach.
1. prechiasmatic route
2. opticocarotid route
3. lamina terminalis route
[image: Figure 7.133. Subfrontal operative view of a craniopharyngioma extending anterior to a postfixed chiasm.]Figure 7.133. Subfrontal operative view of a craniopharyngioma extending anterior to a postfixed chiasm.
Several corridors are available and may be combined, depending on the size and direction of tumor extension (Figure 7.132)

1.1 PRECHIASMATIC ROUTE This route is frequently used because most craniopharyngiomas lie anterior to the chiasm, bowing it upward and backward (Figure 7.133). The tumor wall is approached between the two optic nerves. Coagulate and incise the wall to aspirate the fluid, which is usually brown with golden flakes of cholesterol crystals. An ultrasonic aspirator is then used to remove the solid component until the wall collapses and can be separated from adjacent structures. Separation from the optic nerves, chiasm, and internal carotid artery is usually easy. Tumor adherent to the hypothalamus should not be completely removed unless its wall separates readily. Firmly adherent portions should be left, otherwise the patient may die. The pituitary stalk, essential for pituitary function, must likewise be protected. Some craniopharyngiomas arise in the stalk, however, and division may be necessary for removal. With the operating microscope, the stalk can now be dissected free. If an intrasellar tumor has suprasellar extension, its intrasellar component must also be aspirated.

[image: Figure 7.134. Operative view of a craniopharyngioma posterior and superior to the chiasm. The chiasm is displaced against the tuberculum sellae, making the optic nerves appear short. The tumor was removed through the lamina terminalis route.]Figure 7.134. Operative view of a craniopharyngioma posterior and superior to the chiasm. The chiasm is displaced against the tuberculum sellae, making the optic nerves appear short. The tumor was removed through the lamina terminalis route.
With a prefixed chiasm and tumor extending beneath the tuberculum sellae, the interval between the chiasm and tuberculum is narrow. Drilling away the tuberculum sellae permits visualization of the tumor.

1.2 OPTICOCAROTID ROUTE The tumor is approached through the interval between the optic nerve and tract and the internal carotid artery. This is suitable for a prefixed chiasm or a chiasm displaced forward by tumor, making the optic nerves appear short. Combined with the first route, it permits more extensive removal beneath the optic nerve and chiasm.

1.3 LAMINA TERMINALIS ROUTE The lamina terminalis above the optic chiasm is opened. This route is suitable for tumors extending upward and behind the chiasm (Figure 7.134). After a midline opening in the lamina terminalis, the tumor wall is not yet visible because the thin floor of the third ventricle still covers it. The floor must be incised sagittally and separated to expose the tumor, which is then internally debulked. For an intraventricular craniopharyngioma, opening the lamina terminalis reaches the tumor directly.

This route provides good exposure of the anterior third ventricular tumor, but poor visualization of its lateral aspects. Dissection here carries a relatively high risk of hypothalamic injury.

The surgeon should always consider all three corridors on reaching the sellar region, selecting the one providing the widest view and greatest feasible removal. Tumor extension should first be studied on CT and MRI so that appropriate positioning can be planned.

2. PTERIONAL APPROACH This short route is suitable for retrochiasmatic (Figure 7.135) or parasellar craniopharyngiomas. Its disadvantage is poor visualization of the contralateral tumor wall and optic nerve. Positioning is similar to the subfrontal approach, but the craniotomy must reach the pterion, and the anterior temporal squama and greater sphenoid wing must be removed low down to expose the anterior temporal lobe and Sylvian fissure. Opening the anterior Sylvian arachnoid allows the frontal and temporal lobes to separate more widely from the sphenoid wing, exposing the optic nerve, chiasm, internal carotid artery, and its bifurcation. A retrochiasmatic tumor usually pushes the chiasm against the tuberculum sellae and bows the optic tract laterally. The tumor lies behind the internal carotid artery, close to the oculomotor nerve and posterior communicating artery, which must be protected. Incise the arachnoid between the optic nerve and internal carotid artery and separate the optic nerve and tract from the artery to expose the tumor. Remove the tumor through this interval (Figure 7.135), reducing its size by internal debulking. Complete removal through this corridor alone is usually impossible because of extension into the third ventricle; the lamina terminalis route described above must therefore be added. As the tumor becomes smaller, the optic chiasm recedes from the tuberculum sellae, unless it is prefixed, opening an interval between the two optic nerves that provides another route for removal.

[image: Figure 7.135. Approaches to suprasellar retrochiasmatic craniopharyngioma. 1. subfrontal approach, lamina terminalis route 2. Pterional approach: the Sylvian arachnoid is opened to separate the frontal and temporal lobes.]Image enhanced and colorized with AI · Switch to the original imageFigure 7.135. Approaches to suprasellar retrochiasmatic craniopharyngioma.
1. subfrontal approach, lamina terminalis route
2. Pterional approach: the Sylvian arachnoid is opened to separate the frontal and temporal lobes.
[image: Figure 7.136. Approaches to intraventricular craniopharyngioma. 1. Transventricular approach (transcortical or transcallosal). 2. trans-subfrontal, lamina terminalis route]Image enhanced and colorized with AI · Switch to the original imageFigure 7.136. Approaches to intraventricular craniopharyngioma.
1. Transventricular approach (transcortical or transcallosal).
2. trans-subfrontal, lamina terminalis route
[image: Figure 7.137. Transventricular operative view showing the craniopharyngioma cyst wall at an enlarged foramen of Monro (1). Note the choroid plexus at the edge of the foramen (2).]Figure 7.137. Transventricular operative view showing the craniopharyngioma cyst wall at an enlarged foramen of Monro (1). Note the choroid plexus at the edge of the foramen (2).
3. TRANSCORTICAL APPROACH The tumor is approached through an incision in the posterior middle frontal cortex into the frontal horn, providing a good view of the ipsilateral foramen of Monro (Figure 7.136). This is suitable for tumors within the third ventricle, which usually cause obstructive hydrocephalus. The foramen of Monro is enlarged, permitting clear visualization of the tumor wall (Figure 7.137). Greater hydrocephalus makes access easier and exposes more of the inner third ventricular wall. This route is therefore unsuitable without hydrocephalus, and the frontal cortical incision may cause postoperative seizures.

After entering the lateral ventricle, the choroid plexus, septal vein, thalamostriate vein, and fornix are seen. Following the choroid plexus forward leads to the foramen of Monro. In the example in Figure 7.137, the foramen is already very wide and requires no enlargement. The tumor wall is coagulated and incised. In this cystic case, drainage causes the wall to collapse, allowing separation from the foramen margin and third ventricular wall. The superior portion of a craniopharyngioma generally separates readily, whereas the inferior portion often adheres to the third ventricular wall because of gliosis. The surgeon must decide early whether further dissection is appropriate. My practice is to leave tumor that cannot be separated from the third ventricular wall, reducing tumor or calcification as much as possible and relieving the obstructive hydrocephalus so that a shunt is unnecessary. Attempts at complete removal often end in death. If the inferior tumor wall separates readily, however, it should be removed completely. Some calcification is extremely hard and cannot be fragmented even with biting instruments; it may be left because this component grows very slowly.

[image: Figure 7.138. Transventricular operative view showing a large craniopharyngioma displacing the third ventricular wall and obstructing the foramen of Monro. The tumor wall is not visible (1). The choroid plexus (2) lies at the margin of the foramen.]Figure 7.138. Transventricular operative view showing a large craniopharyngioma displacing the third ventricular wall and obstructing the foramen of Monro. The tumor wall is not visible (1). The choroid plexus (2) lies at the margin of the foramen.
When the foramen of Monro is not greatly enlarged, the narrow corridor can be widened by dividing only the ipsilateral anterior column of the fornix, which has been found not to cause functional loss. Both fornices must not be divided, because this causes memory loss.

A transcortical approach may sometimes be harmful. In Figure 7.138, the tumor was not within the third ventricle but outside it, displacing the ventricle upward until the foramen of Monro was obstructed. Brain tissue covered the mass. Incising this tissue to reach the tumor was an error in this patient. Even a small opening at the foramen for cyst drainage and biopsy caused drowsiness lasting several days, presumably from partial hypothalamic injury. The lesson from this case is that closure followed by a subfrontal or pterional approach would have been preferable.

[image: Figure 7.139. Approaches to intrasellar craniopharyngioma. 1. transsphenoid approach 2. Subfrontal approach (with a postfixed chiasm, identifiable on MRI).]Image enhanced and colorized with AI · Switch to the original imageFigure 7.139. Approaches to intrasellar craniopharyngioma.
1. transsphenoid approach
2. Subfrontal approach (with a postfixed chiasm, identifiable on MRI).
4. TRANSCALLOSAL APPROACH A third ventricular craniopharyngioma is approached by retracting the medial frontal lobe laterally and incising the corpus callosum to enter the lateral ventricle. The structures described under the transcortical approach are then seen (see the section on intraventricular tumors for operative details). The advantage is avoidance of a frontal cortical incision and thus of the associated risk of seizures. Both third ventricular walls can also be viewed through the two foramina. The disadvantage is division of the corpus callosum, which connects the hemispheres. Care is also required to avoid injuring both fornices, which lie close together here; bilateral injury causes memory loss.

5. TRANSSPHENOIDAL APPROACH This nasal approach reaches the sella turcica through the sphenoid sinus without a craniotomy. It is suitable for an intrasellar craniopharyngioma with an enlarged sella (Figure 7.139). It does not expose tumor extending into the suprasellar, parasellar, or retrosellar regions and is unsuitable for young children because their nostrils are small and the sphenoid sinus is not yet developed.

An intrasellar craniopharyngioma extending upward anterior to the optic chiasm may sometimes be completely removed by combining transsphenoidal and subfrontal approaches.(134,129) This is performed in two stages. The transsphenoidal approach first removes the intrasellar component while attempting to preserve pituitary tissue. Some suprasellar tumor may also be removed through this route, reducing the mass. A frontal craniotomy and subfrontal approach subsequently remove the remaining tumor. More than one month should separate the operations, allowing intrasellar postoperative inflammation to resolve and hormonal status to improve before the second stage.(134)

6. PALLIATIVE SURGERY A catheter is placed in the cyst and connected to a reservoir implanted in the temporal region. Cyst fluid can then be aspirated by inserting a needle into the reservoir. This is suitable for a large cyst whose wall is firmly adherent to vital surrounding structures, when dissection is considered dangerous. I have used this method and observed immediate improvement in vision and headache after aspiration in patients deteriorating from cyst-fluid accumulation. These patients return for aspiration when vision worsens again, approximately every 3–4 months. A disadvantage is eventual obstruction of the catheter tip within the cyst, preventing further aspiration.
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Postoperative Care

Patients with craniopharyngioma commonly have hormone deficiencies, usually including hypoadrenalism, and tolerate surgical stress and infection poorly. Corticosteroids are therefore required before and after surgery, followed by gradual reduction to a maintenance dose.

Attempted total removal of a craniopharyngioma causes diabetes insipidus in almost every case. Postoperative urine output generally follows three phases. During the first 12–18 hours, output is initially low. The second phase is true diabetes insipidus: polyuria usually begins 24–48 hours after surgery and lasts 2–3 weeks. In the third phase, urine output decreases; desmopressin acetate (1-deamino-8-D-arginine vasopressin, DDAVP) may or may not be required.

During the first 2–3 days, mild diabetes insipidus should initially be managed with adequate fluid replacement. If the patient is alert and able to drink, oral water may replace or supplement intravenous fluids. Excessive dextrose-containing fluid should be avoided because, together with steroids, it may raise blood glucose and cause osmotic diuresis, further increasing urine output. Persistent thirst, polyuria, or hypernatremia warrants short-acting aqueous Pitressin, 3–5 units every 4–6 hours in adults, or long-acting Pitressin in oil, 5 units every 18–24 hours. DDAVP is now given intranasally at 0.05–0.2 mg, or 0.05–0.2 cc, every 12–24 hours, a convenient method suitable for prolonged use. As noted above, diabetes insipidus usually lasts about 2–3 weeks and then gradually improves. When the pituitary stalk is divided to achieve total removal, however, more than 90% of patients develop permanent diabetes insipidus, controllable with DDAVP.(135) Fluid and electrolyte imbalance may be compounded by loss of the thirst mechanism, usually after anterior hypothalamic injury, making management still more difficult.(136) The hypothalamus must therefore be carefully protected during surgery. Fluid intake and output, urine specific gravity, and electrolyte levels require continual monitoring and correction to maintain normal values.

Other deficiencies, including thyroid hormone, growth hormone, and gonadotrophic hormone, require replacement when levels are found to be low.

Seizures are common after craniopharyngioma surgery and are probably related to frontal lobe retraction combined with osmotic, fluid, and electrolyte disturbances, particularly sodium imbalance. Dilantin and phenobarbital should therefore always be given prophylactically.
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Radiotherapy

It has long been recognized that radiation does not destroy craniopharyngioma and that only complete surgical removal can cure the patient. Total removal is difficult, however, and residual tumor often regrows after 3–5 years, creating a treatment problem. Studies of postoperative radiotherapy have shown prolonged survival and longer intervals before recurrence.(132,137–140) Results are better when as much tumor as possible is removed, leaving only a small residual component before radiotherapy.(141,142)I believe that radiotherapy does not destroy craniopharyngioma and have therefore never referred these patients for it. Instead, I attempt complete or maximal removal, then follow the patient with hormone measurements and repeat CT. Evidence of regrowth prompts reoperation. Another reason for avoiding radiotherapy is that these tumors often occur in children whose brains are still developing. Radiation has numerous adverse effects, including necrosis, endocrine deficiency, optic neuritis, dementia, and possible induction of tumors. In children in particular, it may impair intelligence.(143,130) Radiotherapy should therefore not be used in children.
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Dermoid and Epidermoid Tumors or Cysts

Dermoids and epidermoids are maldevelopmental tumors. At 3–5 weeks of embryonic development, the dorsal midline ectoderm folds inward and fuses to form the neural tube, which then separates from the surface ectoderm. Abnormal development during this process can leave ectoderm between the neural canal and the skin, termed ectopic epithelium.(144) This may later form a dermal sinus, dermoid or epidermoid cyst, or tumor. An epidermoid generally contains only dermal epithelium, whereas a dermoid also contains hair follicles and dermal glands, including sebaceous and sweat glands.

Both epidermoid and dermoid tumors are very rare. Epidermoids are generally about 10 times more common than dermoids.(145)

Epidermoid tumors occur at any age but are most common between 30 and 50 years.(146) Dermoids usually occur in younger patients, between 10 and 20 years. I have operated on three posterior fossa dermoids in older patients, aged 35, 40, and 56 years. Epidermoids grow much more slowly, expanding through epithelial desquamation and accumulation of cellular debris. Dermoids expand through sebaceous secretion of sebum together with epithelial desquamation.
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Locations

Epidermoids may occur in the skull diploë, cerebellopontine angle, parasellar region, optic chiasm region, fourth or lateral ventricle, cerebellum, or cerebrum. Dermoids are commonly found in the cerebellar midline and fourth ventricle and may also occur at the cauda equina, scalp, orbit, or paranasal region.

Epidermoids are usually unaccompanied by other anomalies. Dermoids often coexist with a dermal sinus, abnormal hair growth, localized skin discoloration such as a port-wine spot, or other malformations such as spina bifida.
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Symptoms and Signs

Because both tumors grow slowly, symptoms may evolve over years before medical attention is sought. Manifestations depend on location and reflect dysfunction of compressed brain tissue and cranial nerves, together with obstruction of CSF pathways. These tumors often occur in or near the midline and obstruct the ventricular system at the corresponding level. Cyst rupture may release keratin and cholesterol esters into the subarachnoid space or ventricles, producing chemical meningitis.(147) Patients with a dermoid cyst may present with bacterial meningitis repeatedly, with fever and neck stiffness. A dermal sinus and tract connecting to an intracranial or spinal dermoid allow microorganisms to enter the CSF. Recurrent bacterial meningitis should therefore always prompt a search for a midline dermal sinus over both the head and spine.

[image: Figure 7.140. Contrast-enhanced CT showing a low-density epidermoid cyst in the cerebellopontine angle.]Figure 7.140. Contrast-enhanced CT showing a low-density epidermoid cyst in the cerebellopontine angle.
[image: Figure 7.141. Operative view of the cerebellopontine angle showing the epidermoid cyst wall compressing cranial nerves.]Figure 7.141. Operative view of the cerebellopontine angle showing the epidermoid cyst wall compressing cranial nerves.
Suprasellar cysts produce visual manifestations by compressing the optic nerves and chiasm. Bitemporal hemianopia or optic atrophy may occur, with or without pituitary hormone deficiency. A large cyst extending laterally into the temporal lobe may present with seizures.

Cerebellopontine angle cysts cause local cranial nerve dysfunction, as do other tumors in this region. Enlargement produces corticospinal tract and cerebellar signs and eventually obstructive hydrocephalus. Some present with trigeminal neuralgia. For example, a 30-year-old patient developed sharp left facial pain and left tinnitus for 2 years and was treated medically for trigeminal neuralgia. Hearing subsequently declined and pain changed to numbness. Examination showed a diminished left corneal reflex and facial sensation, mild left facial weakness, and poorer hearing on the left than the right. CT showed a left cerebellopontine angle cyst compressing the pons (Figure 7.140). A suboccipital craniectomy approaching the left cerebellopontine angle revealed cranial nerves V, VII, and VIII compressed by an epidermoid cyst (Figure 7.141). This case illustrates the slow growth of epidermoids and their usually relatively mild compression of brain and nerves. Irritative symptoms often precede deficits: here, trigeminal neuralgia preceded facial numbness by 2 years. Relatively young patients with trigeminal neuralgia, hemifacial spasm, or tinnitus should therefore undergo detailed investigation of the cerebellopontine angle, where an epidermoid or another lesion may be found.

Intraventricular epidermoids and dermoids usually present with obstructive hydrocephalus. Headache is followed by vomiting and blurred vision associated with papilledema. Some patients have intermittent severe headaches. Most cysts are in the fourth ventricle, causing ataxia and nystagmus as well as raised intracranial pressure. Young children may develop head enlargement.

[image: Figure 7.142. CT showing a low-density epidermoid cyst without enhancement after contrast administration.]Figure 7.142. CT showing a low-density epidermoid cyst without enhancement after contrast administration.
Original printed pages 870–872
Diagnosis

Neurological symptoms and signs alone cannot establish the differential diagnosis, since they are the same as those of other expanding masses. Important diagnostic clues include a dermal sinus, a skin lump, a port-wine spot, or abnormal hair along the midline of the head, especially over the occiput, together with cerebellar signs and raised intracranial pressure.

Radiological investigations that may support the diagnosis include:

1. Skull radiographs may show a midline opening in the occipital bone through which a dermal tract passes. Lesions involving the skull produce an area of bone destruction with a clearly defined bony margin, and the affected region of the skull bulges outward.

2. CT is a very useful investigation. An epidermoid tumor appears as a low-density mass without enhancement after contrast injection(148,149) (Figure 7.142). This indicates that neither the wall nor the contents have a blood supply.

A dermoid tumor has the same CT appearance as an epidermoid tumor and cannot be distinguished from it on this basis. However, calcification or an associated dermal sinus may help differentiate them.

[image: Figure 7.143 Operative photographs of a dermoid cyst in the fourth ventricle A. Sebum within the dermoid cyst B. A tuft of hair within the cyst C. Sebum and the tuft of hair D. The dermoid cyst wall firmly adherent to the brain surface]Figure 7.143 Operative photographs of a dermoid cyst in the fourth ventricle
A. Sebum within the dermoid cyst
B. A tuft of hair within the cyst
C. Sebum and the tuft of hair
D. The dermoid cyst wall firmly adherent to the brain surface
3. ANGIOGRAPHY is not useful for establishing the diagnosis; it shows only an avascular mass.

4. Ventriculography can demonstrate obstruction of CSF flow and the extent of the tumor when it lies within a ventricle.
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Treatment

For intracranial epidermoid and dermoid tumors, treatment consists of surgical removal of the entire cyst wall and its contents. Whether complete removal is possible depends on the location, size, adherence to brain tissue, cranial nerves and blood vessels, and the presence of infection. In locations such as the fourth ventricle and cerebellopontine angle, the wall is often firmly adherent to brain tissue, nerves and vessels. Attempting to dissect it away may do more harm than good. I have removed all the contents and excised the portions of wall that could be separated, leaving portions firmly adherent to important brain structures. If obstructive hydrocephalus is present, a V-A or V-P shunt is inserted. For example, a 35-year-old Chinese woman who sold food presented with unsteady gait and blurred vision. Examination revealed cerebellar signs and papilledema. A right brachial angiogram in 1973 (B.E. 2516) showed a posterior fossa mass and hydrocephalus. Contrast ventriculography then demonstrated a mass obstructing the fourth ventricle. Posterior fossa exploration revealed a dermoid tumor in the fourth ventricle and cisterna magna. On opening the cyst wall, soft white material (sebum) was found in the fourth ventricular portion and a clump of black hair in the cisterna magna (Figure 7.143, A–D). After all the contents had been removed, with care to prevent their dispersal into the CSF, the anterior and lateral walls were found to be firmly adherent to the tonsils, cerebellar hemisphere, vermis, floor of the fourth ventricle, blood vessels and cranial nerves. The outlets of the fourth ventricle could not be seen. In these circumstances, attempting to dissect the wall from the fourth ventricular floor and the other structures would damage vital brainstem centers. I therefore decided to close the wound and insert a V-A shunt. The patient recovered and returned home. At follow-up 18 years later, no symptoms had recurred. Two subsequent patients with dermoid cysts in the fourth ventricle were treated in the same way, also with good results. I consider this method suitable for dermoid cysts adherent to the floor of the fourth ventricle. Although treatment consisted only of removing all the cyst contents and leaving some epithelium attached to the brain, none of these three patients developed chemical aseptic meningitis. Nevertheless, when an epidermoid or dermoid cyst can be completely dissected away without loss of brain function, it should be removed in its entirety to cure the disease. Care must be taken to prevent the contents from spreading through the CSF, which can cause chemical meningitis(150)

Complete removal of an epidermoid or dermoid cyst in the cerebellopontine angle, as in the first example, is likewise difficult. Cysts in the basal cisterns often extend their walls into spaces between the brain, nerves and vessels because they are soft rather than firm like a tumor. Some extend upward into the middle cranial fossa, making complete excision impossible. The operative principle is to use a microscope and first remove the contents so that the cyst collapses. The wall is then grasped and dissected from the brain, nerves and vessels, aiming to remove it completely. Previous meningitis makes this dissection more difficult because of firm adhesions. If any portion is firmly adherent to a vessel, nerve or the brainstem, a small remnant should be left. Attempts at total removal may impair the function of that structure.

The same principles apply to intraventricular epidermoid or dermoid cysts. They are often easier to remove than those in the cerebellopontine angle because nerves and vessels are not attached to their walls. However, a ventricular cyst may adhere to important brain centers, such as the floor of the fourth ventricle or the hypothalamus in a third ventricular cyst. Its wall should not be dissected from these structures.
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COLLOID CYST

A colloid cyst is a benign cyst that occurs specifically in the third ventricle. It is attached to the tela choroidea of the choroid plexus along the roof of the third ventricle, close to the posterior margin of the foramen of Monro. As it enlarges, it may obstruct one or both foramina of Monro, producing obstructive hydrocephalus.
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Symptoms and signs

Because the cyst obstructs CSF flow and causes hydrocephalus, most manifestations are the general symptoms of raised intracranial pressure: headache, vomiting and blurred vision (papilledema), without focal symptoms. Another important pattern may occur: very severe headache and vomiting followed by drowsiness or loss of consciousness, and even sudden death(152). These symptoms may improve after a change in head position. This can be explained by a stalked, mobile colloid cyst acting like a ball valve to open and close the foramen of Monro. In one head position, the cyst moves to obstruct CSF flow through the foramen, raising CSF pressure and producing severe headache. When the head position changes, the cyst moves away, CSF can flow out, and the headache subsides. Such episodes may recur. Similar manifestations may occur with tumors elsewhere within the ventricles, so they are not specific to a colloid cyst. Mechanistically, this pattern would be expected only with a small, mobile colloid cyst; a cyst filling the third ventricle would not produce it. Another possible explanation for improvement is that markedly raised pressure in the lateral ventricle displaces the cyst obstructing the foramen, opening the passage and allowing CSF to escape.

Weakness of both legs may accompany the headache. This results from hydrocephalus with markedly enlarged lateral ventricles compressing the corticospinal fibers to both legs, which lie close to the lateral ventricular walls.

In addition, longstanding, progressively worsening hydrocephalus may produce a syndrome resembling organic dementia, with unusual behavior and an unsteady gait resembling that caused by a posterior fossa tumor(153). This dementia is more likely to result from expansion of the lateral ventricles compressing cerebral hemispheric white matter than from compression of the anteroinferior hypothalamus by the cyst, since a colloid cyst lies above that region(154)
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Diagnosis

Symptoms and signs alone cannot establish the diagnosis of a third ventricular colloid cyst because there are no specific focal manifestations. Nevertheless, a colloid cyst should always be considered when a patient reports intermittent attacks of very severe headache with improvement related to head position. Before CT and MRI became available, diagnosing a colloid cyst was difficult.
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Radiological investigations

In the past, cerebral angiography was used together with ventriculography. Angiography demonstrated only the features of hydrocephalus, without outlining the mass or showing tumor staining. In the venous phase, the internal cerebral vein might be displaced upward in an arch. Angiography was therefore of limited usefulness, but was important when surgery was planned and a vascular lesion, such as a basilar tip aneurysm, was suspected.

Ventriculography could outline the mass and identify the site of CSF obstruction. However, when both foramina of Monro were obstructed, it could not show the extent of the mass within the third ventricle. At that time, pneumoencephalography (PEG) was performed by injecting air into the lumbar subarachnoid space with the patient sitting, after draining CSF through a ventriculostomy tube to lower intracranial pressure. The air rose into the third ventricle and outlined the cyst. PEG is no longer performed because it is cumbersome, distressing to the patient and highly hazardous.

CT is regarded as the best investigation for a colloid cyst(155). It shows a round mass at the foramen of Monro, obstructing the foramen and producing hydrocephalus. The cyst is homogeneously hyperdense and enhances after contrast injection. MRI also delineates the location of the cyst and its relationship to surrounding brain structures well, because it provides views in multiple planes: axial, coronal and sagittal.

[image: Figure 7.144 Approaches to a third ventricular colloid cyst and its excision]Image enhanced and colorized with AI · Switch to view the originalFigure 7.144 Approaches to a third ventricular colloid cyst and its excision
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Treatment of a colloid cyst

Surgical removal of the cyst is the best treatment and can provide a complete cure. However, the cyst lies in a difficult location to reach, and access may carry substantial risk. Fortunately, a colloid cyst has a stalk and its wall is not firmly adherent to the third ventricular wall, so complete removal is not particularly difficult with the aid of an operating microscope. The aims of surgery are to restore CSF flow and treat obstructive hydrocephalus, and to establish the tissue diagnosis, since radiological investigations cannot determine the tissue type.

There are two approaches to a colloid cyst (Figure 7.144):

1) Transcortical approach

2) Transcallosal approach

Both approaches enter the frontal horn of the lateral ventricle; see the section on craniopharyngioma for the technique. The transcortical approach is suitable when hydrocephalus is present, because the cortex is thin and the enlarged frontal horn makes ventricular entry easy. Its disadvantage is the possibility of postoperative seizures. The transcallosal approach is suitable when there is no hydrocephalus or the ventricles are small. It provides access to both foramina of Monro and does not cause seizures. However, both fornices may be injured during division of the corpus callosum, resulting in memory loss(156)

After entering the frontal horn, do not aspirate all the CSF, especially when the ventricles are very large. Leaving CSF within the ventricle prevents collapse, allowing the anatomy to be seen clearly, and also prevents acute subdural hematoma from tearing of bridging veins. The choroid plexus of the lateral ventricle leads to the foramen of Monro. In obstructive hydrocephalus, the foramen will be larger than normal. The colloid cyst has a pale green wall bulging at the foramen, with choroid plexus attached. First open the cyst wall and aspirate the thick, viscous fluid until the cyst collapses. Then grasp and turn the wall until its attachment to the choroid plexus is visible. Coagulate the attached portion of choroid plexus with bipolar coagulation and divide it. The cyst can then be removed easily. Finally, refill the ventricle with fluid and close the dura.

If the foramen of Monro is not sufficiently large, it may be enlarged by dividing the fornix on the operative side only. The veins around the foramen of Monro—the septal, thalamostriate and internal cerebral veins—should not be divided.
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STEREOTACTIC ASPIRATION

This technique was introduced after CT became available. CT guidance is used to aspirate the viscous fluid within the cyst. Because the procedure is not performed under direct vision, it carries considerable risk, such as intraventricular hemorrhage. The viscous contents are also difficult to aspirate; only part may be removed, requiring repeat aspiration. In some patients, hydrocephalus persists and surgery is ultimately required(152). I have never used this method.
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SHUNTING

Shunting treats only the hydrocephalus, not its cause, and has both advantages and disadvantages. It relieves raised intracranial pressure and reduces markedly enlarged ventricles, lowering the risk of subdural hematoma from tearing of bridging veins. A disadvantage is that a colloid cyst often obstructs both foramina. Inserting a shunt ventricular catheter on only one side may shift the opposite side of the brain toward the operated side and worsen the patient’s condition. This can be avoided by inserting ventricular catheters on both sides and connecting them to the shunt. In addition, prolonged shunting makes the ventricles small, making subsequent transcortical removal of the cyst difficult.
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Postoperative complications

With the operating microscope and microneurosurgical instruments, a colloid cyst can now be removed readily and successfully. Nevertheless, complications may occur: acute subdural hematoma from ventricular collapse and tearing of bridging veins; subdural hygroma when CSF escapes into the subdural space through the cortical or callosal opening; memory impairment from injury to the fornix; and seizures after a transcortical approach.
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PITUITARY TUMORS

These are tumors of the pituitary gland, most arising in the adenohypophysis, or anterior lobe, which contains several types of cells. Formerly, they were named according to the H & E staining of the tumor cells: chromophobe adenoma, in which cytoplasmic granules do not stain; acidophilic adenoma, in which the granules stain red; and basophilic adenoma, in which they stain purple. Some neurosurgeons still use this older nomenclature. Electron microscopy and immunoperoxidase staining now identify hormone secretory granules in the cytoplasm, allowing tumors to be named according to the hormone secreted or its function: growth hormone–secreting adenoma; prolactin-secreting adenoma (prolactinoma); ACTH-secreting adenoma; TSH-secreting adenoma; FSH- and LH-secreting adenoma; plurihormonal adenoma, secreting more than one hormone, usually growth hormone and prolactin; and, finally, adenoma that produces no hormone.

Pituitary adenomas can thus be divided into two groups: hormone-producing, or endocrine-active, adenomas and non-hormone-producing, or endocrine-inactive, adenomas. Hormone-producing adenomas tend to cause endocrine manifestations related to the type of tumor cell rather than neurological symptoms. By contrast, non-hormone-producing adenomas cause no noticeable hormonal disturbance. They become large, and patients commonly seek medical attention because of optic chiasm compression, sometimes accompanied by other neurological symptoms. Hormone tests in this group are within normal limits, although some patients show hypopituitarism.
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PITUITARY ADENOMA

This is a tumor of adults, most commonly encountered between 35 and 45 years of age. In general, hormone-producing adenomas occur in younger patients than nonsecreting adenomas because hormonal abnormalities produce recognizable manifestations earlier, as in gigantism.

Pituitary adenocarcinoma and glioma of the posterior lobe (neurohypophysis) are very rare.

For details of the pathology of pituitary adenoma, see Chapter 3.
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Symptoms and signs

Details have already been discussed under focal manifestations in Chapter 6. The principal manifestations of pituitary adenoma can be summarized as follows.

1. Manifestations of mass effect These result from expansion of the tumor compressing structures around the sella turcica. The symptoms depend on the direction of extension:

1.1 Upward extension

I. The optic chiasm is compressed first, producing abnormalities of the visual fields and visual acuity. Characteristic findings are bitemporal hemianopia and primary optic atrophy. Patients often report bumping into people or objects at their sides. If the compressing tumor is not removed, blindness in both eyes will result.

II. Compression of the pituitary gland, pituitary stalk and hypothalamus. Some large tumors not only fail to secrete hormones but also compress normal glandular tissue. The nonneoplastic cells lose their function, causing hypopituitarism, with fatigue and impotence. Tumors compressing the stalk and hypothalamus disturb eating, sleep, thirst, temperature regulation and fluid balance, and may cause inappropriate ADH syndrome and diabetes insipidus.

III. Obstruction of CSF flow. A large mass compresses the basal cisterns and foramen of Monro, causing obstructive hydrocephalus. Patients develop headache and vomiting. Blurred vision is due to primary optic atrophy from direct chiasmal compression, not papilledema. Headache can in fact occur before hydrocephalus develops. I frequently find that patients initially describe pain behind the eyes and over the forehead. I believe that the expanding tumor exerts pressure on the sellar dura, particularly the diaphragma sellae, which is supplied by sensory branches of the trigeminal nerve. Later, when obstructive hydrocephalus develops, the headache becomes severe and generalized.

IV. Frontal lobe compression causes a frontal lobe syndrome, loss of smell from olfactory nerve compression, and seizures.

1.2 Lateral extension impairs cranial nerves III, IV, V and VI. Third nerve dysfunction is the most common, so patients often have ocular deviation, diplopia, ptosis and a dilated pupil. All extraocular muscles supplied by the third nerve are affected. Facial pain also occurs from trigeminal nerve compression. Extension to the medial temporal lobe may produce uncinate fits.

1.3 Posterior extension compresses cranial nerves and the brainstem, particularly the cerebral peduncle, causing limb weakness together with manifestations of the affected cranial nerves.

1.4 Downward extension may cause CSF rhinorrhea or a nasopharyngeal mass. Both are very rare.

2. Endocrine manifestations (endocrinopathies) Both hyperpituitarism and hypopituitarism occur. Hyperpituitarism produces manifestations according to the hormone excessively secreted by the tumor cells. For example, excessive growth hormone from a growth hormone–secreting adenoma causes gigantism in children or acromegaly in adults. Excess prolactin from a prolactinoma causes galactorrhea, amenorrhea and infertility. When one cell type in the gland becomes neoplastic, it may compress other cell types and impair their function, producing deficiencies of their hormones.

For detailed symptoms and signs associated with each hormone, see Chapter 5.

3. Manifestations of pituitary apoplexy Pituitary apoplexy means hemorrhage within the pituitary gland, most often in a pituitary adenoma. It causes rapid onset of neurological symptoms and signs.The cause of the hemorrhage has not been established, but an enlarging mass may undergo ischemic necrosis followed by hemorrhage. It is often encountered after preoperative radiotherapy and during bromocriptine treatment. The tumor rapidly swells, compressing the optic nerves and chiasm, cranial nerves, cavernous sinus, internal carotid artery, hypothalamus and the pituitary gland itself. Patients may or may not have had previous manifestations of a pituitary adenoma. They suddenly develop headache, vomiting, loss of vision and deterioration of consciousness progressing to coma, with shock due to acute adrenal insufficiency. Some have neck stiffness and photophobia, indicating subarachnoid hemorrhage caused by rupture of the region of pituitary apoplexy.
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Diagnosis

The diagnosis of a pituitary tumor can be based on the following:

A. Symptoms and signs As described above, these include:

1. Manifestations of hyperpituitarism according to the hormone-secreting tumor cell type, such as prolactinoma (hyperprolactinemia), gigantism and acromegaly (elevated growth hormone), and Cushing’s disease (elevated ACTH); and manifestations of hypopituitarism or panhypopituitarism. The latter include fatigue, loss of libido, absence of pubic and axillary hair, poor tolerance of temperature changes, dry, coarse, cool skin, testicular atrophy, and possibly diabetes insipidus.

2. Chiasmal compression causing bitemporal hemianopsia, an important focal sign of pituitary adenoma.

B. Endocrine investigations Pituitary hormones are measured to identify the different tumor types.

1. The hormone excessively secreted by the cells of a hyperfunctional pituitary adenoma determines the endocrinopathy: for example, hyperprolactinemia, excess growth hormone (acromegaly or gigantism), or ACTH excess (Cushing’s disease).

2. Pituitary hormone reserve. In a patient with a pituitary adenoma, assessment of hormone deficiencies and the reserve function of both anterior and posterior lobes is important. These patients commonly have accompanying hypopituitarism that may not be clinically obvious, but becomes apparent during stress or surgery and may lead to failure and death. The various hormone deficiencies and the true residual function of the gland must therefore be assessed so that they can be corrected before and after surgery.(158,159) Important preoperative investigations include target-gland hormones such as cortisol (adrenal gland) and T4 and T3 (thyroid gland), together with urine output and serum electrolytes (ADH, posterior lobe).

Methods of hormone investigation can be found in endocrinology and physiology textbooks.

C. Radiological investigations These can delineate the size of the sella turcica, the size and type of tumor, and the positions of the optic nerves, chiasm and vessels in considerable detail.

1. Skull radiographs. A pituitary adenoma growing within the sella turcica produces important changes on the lateral skull film. The sella becomes enlarged and rounded, extending beneath the anterior clinoid or tuberculum sellae, an appearance called “ballooning of the sella” (Figure 6.18). The dorsum sellae is displaced backward and thinned, or may disappear entirely when the mass is large. The sellar floor may also be eroded away. In some cases, the anterior clinoid process is thinned and elevated. Unequal growth on the two sides of the sella often produces sellar floors at different heights, termed a “double sellar floor” (Figure 6.19). This appearance may also occur with a medial sphenoid wing meningioma or an intracavernous internal carotid artery aneurysm. These changes are most often seen with chromophobe adenomas. Acidophilic and basophilic adenomas usually produce little or no sellar change, because these functioning adenomas cause symptoms before the sella turcica changes. Calcification, although very rare, may also be seen, as may a tumor shadow within the sphenoid sinus

For a surgeon planning a transsphenoidal operation, the lateral skull radiograph is useful because it shows the size and position of the sphenoid sinus and whether its configuration is sellar, presellar or conchal(86). These configurations differ in the ease of access to the sellar floor. The film also shows the thickness of that floor.

2. POLYTOMOGRAPHY provides sectional radiographs showing greater detail of the sella. This investigation has been abandoned since CT became available.

3. ANGIOGRAPHY is performed to assess suprasellar or parasellar extension. The frontal view shows elevation of the anterior cerebral artery and lateral displacement of the carotid siphon. On the lateral view, the carotid siphon is widened because the clinoid segment of the internal carotid artery is elevated. Angiography also excludes aneurysms of the internal carotid and anterior communicating arteries, an essential consideration in surgery for sellar lesions. In the past, surgeons have inadvertently entered an aneurysm, resulting in death. CT and MRI now demonstrate the pathology and tumor so clearly that angiography is seldom performed.

4. PNEUMOENCEPHALOGRAPHY (PEG) clearly shows suprasellar tumor extension and its relationship to the optic chiasm and third ventricle. However, it cannot exclude an aneurysm, so angiography must always accompany it for this purpose (Figure 6.136). PEG is now obsolete and is no longer performed.

5. COMPUTED TOMOGRAPHY and MRI are the best investigations for pituitary tumors. They clearly show the margins, shape, composition and relationship to adjacent structures, rendering other investigations obsolete.
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Treatment of pituitary adenoma

Several methods are available:

1) Surgery

2) Drug treatment

3) Radiotherapy

The choice depends on several factors: the patient’s age, physical condition and medical illnesses, and the abnormalities caused by the tumor, such as optic chiasm compression, ocular palsy, extension into the frontal and temporal lobes, and the type of hyperpituitarism—acromegaly or gigantism, Cushing’s disease, or hyperprolactinemia—as discussed below.

There are four principal objectives in treating a pituitary adenoma:

i) Relieve compression of the optic pathways, other cranial nerves and adjacent brain.

ii) Reduce excessive endocrine activity to restore normal, or as nearly normal as possible, hormone secretion.

iii) Preserve normal function of both anterior and posterior pituitary lobes so that hormone replacement is unnecessary; and

iv) Prevent tumor recurrence.

These objectives can be achieved only by complete surgical removal of the tumor. This is generally possible only for a small tumor, termed a microadenoma, confined to the sella and removable through a transsphenoidal approach. By contrast, complete removal of a large tumor with suprasellar or parasellar extension without damaging other parts of the pituitary gland is difficult, and additional treatment may be needed. Drug treatment, such as bromocriptine for a prolactinoma, can reduce optic pathway compression and hormonal symptoms, but is effective only while the drug is being taken. If it is stopped, the symptoms recur. Such treatment is therefore not curative and must be continued for life.

Once a pituitary adenoma has been diagnosed, the treating physician must carefully consider and decide on a treatment plan. Some patients do not require immediate treatment, whereas others need urgent intervention. The first group comprises patients whose adenomas cause no neurological symptoms and show no intracranial extension. Headache or some hypopituitarism alone does not indicate an urgent need for surgery, since treatment may not improve the outcome and may cause complications. Such patients should be followed with neurological examinations, hormone measurements and repeat CT to detect changes. In some, the tumor may grow intracranially and require surgery.

The other group requires prompt surgery. It is generally accepted that surgery is necessary when the tumor causes progressive visual deterioration. Removal offers two benefits: immediate relief of optic pathway compression and determination of the tumor type.
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I. Surgical treatment

Surgery is considered the best treatment, especially for small adenomas, termed microadenomas, whether endocrine-active or endocrine-inactive. Using an operating microscope and microneurosurgical instruments, the surgeon can achieve complete removal while preserving the function of the normal gland, allowing normal hormone secretion after surgery.

No single operation is ideal for all pituitary adenomas. In general, there are two approaches:

i) Transcranial approach

ii) Trans-sphenoidal approach

The choice must take into account the size and shape of the tumor, suprasellar or lateral parasellar extension, visual pathway compression, the anatomy of the sella and sphenoid sinus, and the patient’s health, in order to obtain the best operative result. In some cases, both methods may be needed, using a transsphenoidal approach first and then a transcranial approach to remove the suprasellar component.
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1) TRANSCRANIAL APPROACH

The tumor is approached through a frontal or frontotemporal craniotomy. This is suitable for pituitary adenomas with suprasellar, parasellar or retrochiasmal extension, or a dumbbell configuration, especially a suprasellar tumor with a normal sella turcica or a very small sphenoid sinus. Tumors of these configurations cannot be completely removed by a transsphenoidal approach.

Several corridors can be used to reach and remove the tumor, depending on its location, the direction of extension and the position of the optic chiasm, as demonstrated by CT and MRI. Each has the following advantages and disadvantages.

1.1 Subfrontal approach The frontal lobe is elevated, providing three routes to the tumor (Figure 7.132):

i) Between the two optic nerves when the chiasm is postfixed.

ii) Between the optic nerve and internal carotid artery, suitable for a prefixed chiasm with lateral tumor extension.

iii) Through the lamina terminalis when the tumor is retrochiasmal or within the third ventricle.

The subfrontal approach has the advantage of displaying both optic nerves, the chiasm, the internal carotid artery and its branches, and the pituitary stalk. It is therefore suitable for an adenoma extending into the anterior suprasellar region with a postfixed chiasm, allowing extensive visualization of the tumor (Figure 7.133). Its disadvantage is poor tumor exposure when the chiasm is prefixed.

Technique of the subfrontal approach For frontal craniotomy, see the beginning of Chapter 7. Good exposure of the sellar region requires the anterior edge of the craniotomy to be low, close to the orbital ridge or roof, minimizing frontal lobe retraction. After opening the dura, a tense brain can be relaxed by draining CSF from the subarachnoid space at the chiasmatic cistern or by frontal ventriculostomy. Retract the lateral portion of the frontal lobe to expose the lesser sphenoid wing, then follow it medially to the anterior clinoid process. Open the subarachnoid space between the optic nerve and internal carotid artery, allowing CSF to flow slowly while continuously aspirating it. After a short wait, the brain relaxes considerably and the frontal lobe can be elevated readily. Divide the olfactory nerve, leaving the bulb attached to the cribriform plate to prevent CSF rhinorrhea. If the nerve is not divided, tearing often causes bleeding. Elevation and retraction of the posterior frontal lobe first expose the internal carotid artery, right optic nerve and chiasm. Wide division of the arachnoid around the chiasm allows further frontal retraction, clearly revealing the left optic nerve and chiasm. With a postfixed chiasm, the tumor wall is clearly visible between the two optic nerves, with the chiasm behind and tuberculum sellae in front (Figure 7.145)

[image: Figure 7.145 Subfrontal operation for a pituitary adenoma, showing the tumor (1), both optic nerves (2), and the internal carotid artery (3)]Figure 7.145 Subfrontal operation for a pituitary adenoma, showing the tumor (1), both optic nerves (2), and the internal carotid artery (3)
[image: Figure 7.146 The same operation as Figure 7.145 after tumor removal]Figure 7.146 The same operation as Figure 7.145 after tumor removal
Next, puncture the tumor wall with a needle and aspirate its contents to ensure that it is not an aneurysm. Coagulate the vessels on the adenoma surface between the two optic nerves, excise a circular opening in the wall, and aspirate or curette the tumor internally to reduce its size (Figure 7.146). Control bleeding within the tumor with bipolar coagulation. The wall adjacent to the left optic nerve is readily seen and easily dissected away. Continue toward the chiasm, but do not pull the wall away from the chiasm or hypothalamus, as this may tear their supplying vessels. Hemostasis is difficult behind the obscuring chiasm and often endangers the patient. Leaving a small portion of wall attached to the chiasm or hypothalamus may be safer. Avoid damage to the pituitary stalk and normal gland. Tumor on the right, usually hidden by the right optic nerve and chiasm, may be exposed by placing a cotton pledget between the optic nerve and internal carotid artery and pushing the tumor wall medially. It can then be grasped and excised while its vessels are coagulated. If a bleeding point is poorly seen and cannot be treated with bipolar coagulation, cover it with Gelfoam and apply pressure until bleeding stops. Hemostasis must be certain; otherwise, an expanding hematoma may cause postoperative loss of vision and, in most cases, death. During tumor dissection, avoid traction on the optic nerves and chiasm, as this may further impair vision. Preserve their supplying vessels, most of which lie on the undersurface.

[image: Figure 7.147 Frontotemporal approach to a pituitary adenoma with lateral (parasellar) extension. The tumor is clearly visible (arrow).]Figure 7.147 Frontotemporal approach to a pituitary adenoma with lateral (parasellar) extension. The tumor is clearly visible (arrow).
1.2. fronto-temporal approach This approach is suitable for a prefixed chiasm and parasellar tumor extension, exposing tumor in both the anterior and middle fossae. A disadvantage arises when the face is turned too far to the opposite side, obscuring the contralateral optic nerve.

Perform a frontotemporal craniotomy with a low temporal opening to expose the anterior temporal lobe and Sylvian fissure widely. Retract the frontal and temporal lobes apart to reveal the parasellar tumor, optic nerve, chiasm, optic tract and internal carotid artery (Figure 7.147). If greater separation of the lobes is required, divide the arachnoid at the anterior Sylvian fissure.

In this region, the optic nerve lies medial to the anterior clinoid process and the internal carotid artery lies below and lateral to the optic nerve. Behind the internal carotid artery is the margin of the tentorial notch. The posterior communicating and anterior choroidal arteries and the oculomotor nerve are generally seen lateral or posterior to the tumor.(161) Remove the tumor through the interval between the optic nerve and chiasm on one side and the internal carotid artery on the other, or lateral to the artery. Debulk it internally to reduce its size, then separate the wall from the optic nerve, chiasm, oculomotor nerve, internal carotid artery and its branches. However, the intrasellar component is relatively difficult to remove. Because the tumor is often large, attempts at complete removal may endanger the patient’s life. The surgeon must decide during the operation when to stop. If further removal appears hazardous, do not attempt total excision; use additional treatment afterward.

1.3. subtemporal approach This approach elevates the temporal lobe and is suitable for an adenoma extending behind the chiasm (retrochiasmal suprasellar extension)(162). The craniotomy must extend down to the floor of the temporal fossa, and CSF must be drained to relax the brain. This facilitates temporal lobe retraction and tumor exposure. Remove the tumor internally with suction and a curette to reduce its size and relieve compression of the optic chiasm and hypothalamus. I consider this sufficient, since this approach cannot completely remove tumor occupying both the sella and retrochiasmal region. Attempts at total removal often damage the hypothalamus, leaving the patient unconscious and ultimately resulting in death.
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2. TRANSSPHENOIDAL APPROACH

This operation passes through the sphenoid sinus into the sella turcica without a craniotomy. It has been performed since Cushing’s time, but initially was not very popular because the tumor and surrounding structures were poorly visualized. It is now gaining considerable popularity thanks to aids such as operating microscopes providing good magnification and illumination, microneurosurgical instruments, and televised fluoroscopy for intraoperative guidance, making surgery faster and more successful. Its advantages are:

i) There is no externally visible wound, and the operation is less traumatic than a craniotomy.

ii) Once the pituitary gland is reached, the adenoma can be distinguished from normal glandular tissue, particularly in microadenomas. Complete tumor removal is possible while preserving normal hormone-secreting tissue, making hormone replacement unnecessary.(163)

iii) After complete removal, radiotherapy is unnecessary, so the patient avoids the hazards of irradiation.(164)

iv) The risk of injury to the optic nerves, chiasm and olfactory nerves is low.

Indications for the transsphenoidal approach include:

i) An intrasellar microadenoma, still small and confined to the sella, or with suprasellar extension that does not extend beyond the optic chiasm.

ii) An adenoma projecting into the sphenoid sinus and extending laterally toward the cavernous sinus.

iii) A prefixed chiasm, now identifiable with CT and MRI.

iv) A tumor associated with CSF rhinorrhea; the transsphenoidal route allows closure of the leak at the sphenoid sinus.

v) Poor general health that is considered incompatible with tolerating a craniotomy.

vi) Other lesions, such as an intrasellar craniopharyngioma, nasopharyngeal carcinoma, or a sphenoid mucocele or cyst.

vii) When hypophysectomy is required.

Contraindications to the transsphenoidal approach include:

i) Extensive suprasellar growth with a dumbbell configuration, or parasellar extension, for example into the frontal, temporal or retrochiasmatic regions.

ii) Infection of the sphenoid sinus.

iii) A normal-sized sella turcica with a conchal sphenoid sinus, making access to the pituitary fossa difficult. Some surgeons do not consider this a contraindication(162) because a bone drill can be used.
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Technique of the transsphenoidal approach

There are several routes to the sphenoid sinus, but the simplest and most popular is the sublabial rhinoseptal transsphenoidal approach. General anesthesia is used. Position the patient supine with the head of the table slightly elevated, the neck flexed approximately 20°, and the head turned to the right. A right-handed surgeon enters through the left nostril. Position a C-arm fluoroscope to obtain a lateral skull view with the sphenoid sinus centered. Prepare the mouth, nose and lower abdomen with antiseptic solution and drape them. The abdominal site is used to obtain fat for packing the sellar region.

Begin by elevating the upper lip and making a transverse incision approximately 3 inches long at the junction of the gingival and labial mucosa. Elevate the submucosal tissue to expose the nasal apertures. Separate the nasal mucosa from both maxillary fossae and from the left side of the nasal septum. Detach the base of the septum from the maxilla and dissect the mucosa along the vomer toward the sphenoid sinus until its anterior wall is reached (Figure 7.148, A and B). Insert a nasal speculum between the nasal septum and vomer on one side and the nasal mucosa on the other. Opening it exposes the left half of the anterior sphenoid sinus wall. Fracture the vomer at its attachment to that wall to allow further opening of the speculum, exposing both halves of the anterior wall while displacing the nasal septum to the right (Figure 7.148, C). During the dissection, use brief intermittent C-arm fluoroscopic views on the television monitor to improve confidence and speed. Once the sinus is reached, use the operating microscope. Remove the anterior sphenoid sinus wall with a rongeur, making the opening wide enough to allow easy removal of the sellar floor. Remove all sphenoid sinus mucosa and advance the speculum tip into the sinus. Once an adequate bony opening has been made, do not forcibly widen the speculum further, as this may fracture the bone. After identifying the sellar floor, confirm its position with C-arm fluoroscopy before removing it (Figure 7.149). In some patients the floor is very thin, or tumor may already protrude into the sphenoid sinus. Laterally, stop removal of the sellar floor at the cavernous sinus wall; superiorly, extend to the intercavernous sinus. Extending too high to the diaphragma sellae may cause CSF rhinorrhea. Then open the dura. A large adenoma is readily seen, whereas a microadenoma may be difficult to identify. CT or MRI may be needed to locate it before incising the gland to reach the tumor. Before opening the tumor wall, puncture it with a needle and aspirate to ensure that it is not an aneurysm. Dissect the adenoma from the normal gland. Its color and appearance are clearly different from normal pituitary tissue. It can be removed readily with blunt ring curettes, an enucleator (Figure 7.150) and suction. Secure hemostasis with Gelfoam or bipolar coagulation to prevent a hematoma, which could impair vision and be fatal. Pack the sellar cavity with the fat previously obtained from the abdomen to prevent CSF rhinorrhea. Reinforce the sellar floor with nasal cartilage. Remove the speculum and pack both nostrils with Vaseline gauze to restore the nasal mucosa and align the septum in the midline. Close the gingivolabial incision with catgut. Remove the Vaseline gauze after 24–48 hours.

[image: Figure 7.148 A]Image enhanced and colorized with AI · Switch to view the originalFigure 7.148 A
[image: Figure 7.148 B]Image enhanced and colorized with AI · Switch to view the originalFigure 7.148 B
[image: Figure 7.148 Sublabial rhinoseptal transsphenoidal approach for a pituitary tumor A. Incision at the junction of the lip and gingival mucosa. B. Elevate the submucosal tissue to expose the nasal apertures and separate the mucosa from the nasal septum and maxillary sinus wall. C. Insert the nasal speculum and fracture the vomer at its attachment to the sphenoid sinus wall.]Image enhanced and colorized with AI · Switch to view the originalFigure 7.148 Sublabial rhinoseptal transsphenoidal approach for a pituitary tumor
A. Incision at the junction of the lip and gingival mucosa.
B. Elevate the submucosal tissue to expose the nasal apertures and separate the mucosa from the nasal septum and maxillary sinus wall.
C. Insert the nasal speculum and fracture the vomer at its attachment to the sphenoid sinus wall.
[image: Figure 7.149 Removal of the anterior sphenoid sinus wall and sellar floor, with the speculum tip within the sphenoid sinus.]Image enhanced and colorized with AI · Switch to view the originalFigure 7.149 Removal of the anterior sphenoid sinus wall and sellar floor, with the speculum tip within the sphenoid sinus.
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Preoperative and postoperative care of patients with pituitary tumors

Pituitary hormone deficiency in patients with pituitary tumors may be life-threatening and requires treatment before, during and immediately after surgery, as well as in the long term. Important deficiencies to investigate and correct before surgery include adrenal hormones, thyroid hormones and posterior pituitary vasopressin. Vasopressin deficiency is particularly important immediately after surgery, because fluid and electrolyte balance can change rapidly. Failure to correct these hormonal deficiencies may cause circulatory failure and death in the early postoperative period. Gonadotropin and growth hormone deficiencies are less important initially, since these hormones are not essential for survival under stress, but they require attention in long-term care.

[image: Figure 7.150 Opening the dura and removing the adenoma.]Image enhanced and colorized with AI · Switch to view the originalFigure 7.150 Opening the dura and removing the adenoma.
1) Preoperative care Every patient undergoing pituitary surgery must undergo assessment of ACTH reserve, adrenal function, thyroid function and electrolyte balance. Abnormalities commonly take the form of hypopituitarism, hypothyroidism and adrenal insufficiency. Patients must also be investigated for diabetes mellitus, diabetes insipidus and hypertension, which may accompany a pituitary tumor. These abnormalities must always be treated with hormone replacement and appropriate medication before surgery.

STEROIDS must be given before surgery in every case, even when pituitary and adrenal hormone investigations are normal, because some pituitary damage almost always occurs during the operation. The steroid administered should be a target-gland hormone. Hydrocortisone is preferred, replacing deficient adrenal corticosteroids, at a total dose of 200–300 mg/day in divided doses. In practice, 100 mg is given intravenously on the night before surgery, followed by another 100 mg on the morning of surgery, mixed with 1,000 cc of intravenous fluid and infused throughout the operation and over a total of 24 hours. The dose is gradually reduced over subsequent days and discontinued approximately 4–5 days after surgery. Patients with preoperative adrenal insufficiency require continued maintenance treatment. Prednisolone is commonly used because it is readily available and inexpensive, at 5 mg orally every morning.

Dexamethasone or prednisolone may be substituted for hydrocortisone at equivalent doses. In practice, dexamethasone 5 mg intravenously every 6 hours is given for at least 24 hours before surgery and continued through postoperative day 4–5, with gradual dose reduction until it is stopped or a maintenance dose is reached.

Thyroid hormones. Patients with hypothyroidism require thyroid hormone treatment for 3–4 weeks before surgery. Adrenal reserve must always be assessed before thyroid hormones are administered. If reserve is abnormal, corticosteroids must be given for 2–3 days before starting thyroid hormones to prevent adrenal crisis, because thyroid hormones increase metabolism and adrenal activity.(165) Thyroid hormone treatment must begin at a low dose and gradually increase to 0.1–0.2 mg/day. Starting immediately with a high dose may cause angina pectoris, arrhythmia or heart failure.(166)

Patients with diabetes mellitus require individualized insulin treatment before, during and after surgery. They are at risk of hyperglycemia because steroids, hyperosmolar agents and phenytoin are used relatively frequently. Hyperglycemia causes osmotic diuresis, worsening neurological symptoms and hypovolemia.

In patients with diabetes insipidus, dehydration must likewise be corrected with Pitressin or the desmopressin analogue DDAVP (1-deamino-8-D-arginine vasopressin), both before and after surgery.

2) Postoperative care Treatment can be divided into immediate postoperative treatment and long-term postoperative treatment.

2.1 Immediate postoperative treatment This is the most critical period: part of the pituitary gland may have just been damaged during surgery, and the patient is under stress. Adrenal hormone (cortisol) requirements increase, particularly during the first 24 hours, then decrease over subsequent days. Hydrocortisone must therefore be administered promptly and in adequate amounts to replace the deficiency and meet increased needs. Three major conditions requiring immediate postoperative correction are pituitary or adrenal insufficiency, hypothyroidism and diabetes insipidus.

adrenal insufficiency For adrenal insufficiency, hydrocortisone must be given before, during and after surgery as described above. When preoperative pituitary–adrenal function is normal, as in a microadenoma, complete tumor removal without damage to the pituitary gland usually leaves this function normal after surgery.(167,168) Steroids are therefore given for only 3–4 days, and the patient can go home without replacement medication. Patients with preoperative pituitary–adrenal insufficiency, however, require adequate postoperative steroid replacement and a maintenance dose after discharge. They must be told that the dose may need to be increased during stress or illness.

hypothyroidism In patients who are euthyroid before surgery, pituitary surgery may cause thyroid-stimulating hormone (TSH) deficiency. This is of limited importance in the immediate postoperative period because circulating thyroxine has a plasma half-life of up to 7 days.(165) In contrast, patients with preoperative hypothyroidism who have not received adequate thyroxine replacement may develop worsening thyroid deficiency immediately after surgery, causing drowsiness and eventually unconsciousness. Such patients therefore require thyroid hormones both before and after surgery. In practice, sodium L-thyroxine is given at 50–200 micrograms/day, starting low and gradually increasing. Elderly patients and those with coronary artery disease must start at a very low dose, increased very slowly. A high dose or rapid escalation may precipitate angina. The dose is individualized according to symptoms and serum thyroxine (T4).

diabetes insipidus This is an important and common complication of pituitary surgery, with variable severity. If diabetes insipidus was absent before surgery and neither the pituitary stalk nor the posterior lobe was damaged, postoperative diabetes insipidus is usually transient, lasting approximately 2–3 weeks before gradually resolving. This may be explained by the sensitivity of the hypothalamic–neurohypophyseal unit, including the pituitary stalk, to changes in local blood flow, traction on the stalk during surgery and postoperative local swelling. In patients with preexisting diabetes insipidus, the condition usually worsens after surgery and requires lifelong treatment, because the neurohypophysis and stalk have been damaged by a large tumor and by the surgeon’s efforts to remove it.

Diabetes insipidus usually becomes apparent 12–24 hours after pituitary surgery. Diagnostic findings include urine output exceeding 150 cc/hour, specific gravity below 1.005, urine osmolarity below 200 mOsm/kg, serum osmolarity above 300 mOsm/kg or serum sodium above 145 mEq/L. Accurate diagnosis and prompt treatment prevent dehydration and electrolyte disturbances. Untreated diabetes insipidus causes hypovolemia, hyperosmolarity and dehydration, leading to fever, hyperpnea, progressive drowsiness, unconsciousness and ultimately death. Urine output and fluid intake must therefore be measured carefully throughout, initially perhaps hourly, then every 4 hours as the patient improves. Serum electrolytes and osmolarity should be measured, with a urine sample sent simultaneously for osmolarity.

Treatment of diabetes insipidus Once diabetes insipidus has been diagnosed, several treatments are available, selected according to the individual patient’s condition. An alert postoperative patient with mild diabetes insipidus, an intact thirst mechanism and no contraindication to oral intake should drink enough water to replace urinary losses. If polyuria and polydipsia prevent sleep, or consciousness is impaired and the thirst mechanism is defective, other treatment is required, such as intravenous fluid and appropriate medication.

Intravenous hydration. Intravenous fluid should be given as 5% D/W because diabetes insipidus causes predominantly water loss, with very little Na+ loss. Nevertheless, saline should also be given at approximately 75 mEq/day (equivalent to 500 cc of normal saline). The fluid volume for each 6-hour period is calculated from the urine output during the preceding 6 hours plus 6 hours of insensible loss (12.5 cc/kg/24 hours divided by 4).

ADH should be considered when urine output exceeds 4,000 cc/day. Several preparations are currently available:

i) Aqueous Pitressin is suitable for the first postoperative days. It acts rapidly but has a short duration of approximately 3–6 hours. The dose is 2–5 units subcutaneously every 3–6 hours. Its disadvantages are frequent injections and continual fluctuations in water and sodium balance. It also causes vasoconstriction, which may precipitate angina in patients with preexisting coronary artery disease.

ii) Pitressin tannate in oil acts slowly but lasts 24–72 hours. The dose is 5–10 units intramuscularly once daily or on alternate days, individualized for each patient. Correct preparation before injection is essential; otherwise treatment will be ineffective. Warm the ampoule for approximately 15 minutes to facilitate suspension, then immediately shake it vigorously until the drug particles are completely suspended in the oil. This ensures that the required amount of active drug is withdrawn. Because this preparation is long-acting, excessive oral or intravenous fluid intake may cause water intoxication, and caution is required.

iii) DDAVP is a synthetic vasopressin with a duration of approximately 12–24 hours. Start at 2.5 micrograms by nasal insufflation and increase in 2.5-microgram increments until the desired effect is achieved. Give the first dose at night so that the patient can sleep without getting up to urinate. Repeat during the day when the night-time dose wears off. DDAVP is easy to administer and has no cardiovascular effects at therapeutic doses, so it is now preferred over other drugs for long-term treatment of diabetes insipidus(169), although its high cost is a disadvantage.

iv) Other drugs, such as chlorpropamide and clofibrate, have been used for mild diabetes insipidus in patients who can replace losses by drinking and retain some ADH-producing tissue. In the author’s experience, they are ineffective in severe diabetes insipidus.

Chlorpropamide stimulates ADH release and potentiates the effect of the ADH already present. The dose is 100–500 mg/day, with an effect apparent after 1 week of treatment. As chlorpropamide is an antidiabetic drug, hypoglycemia must be watched for.

Clofibrate also stimulates ADH release from the neurohypophysis but does not potentiate ADH action. It is therefore useful only when some ADH-producing tissue remains. The dose is 500 mg three times daily. Combining it with chlorpropamide improves the response.

2.2 Long-term postoperative treatment Conditions requiring continued treatment include pituitary–adrenal insufficiency, hypothyroidism, diabetes insipidus, hypogonadism and growth hormone deficiency.

Hypothalamic–pituitary–adrenal function must be reassessed 4–6 weeks after surgery, withholding steroids for 48–72 hours before testing. Patients with low cortisol and an inadequate response to testing require steroid replacement. Reassess glandular function after approximately 6–12 months; if it has improved, the steroid dose may be reduced or stopped. Patients with hypothalamic–pituitary–adrenal dysfunction who have undergone removal of a large tumor often have permanent hypopituitarism and require lifelong steroid replacement.

Prednisolone 5 mg/day generally provides adequate replacement. The dose may need to increase during stress. With severe stress, such as injury or surgery, intravenous steroids are required: hydrocortisone 100 mg every 8 or 6 hours. Patients with preoperative hypothyroidism require postoperative thyroid hormone replacement with sodium L-thyroxine 0.1–0.2 mg/day, adjusted for body size and blood T4 and T3 levels.

Preoperative or postoperative hypogonadism does not require immediate hormone replacement. Wait another 3–6 months to allow gonadal function to recover spontaneously; this delay does not harm the patient. Amenorrhea–galactorrhea syndrome likewise may take several months, or even a year, to return to normal, so hormones should not be given during this period.

If hormone replacement is necessary in men, testosterone propionate is given at 200–300 mg intramuscularly every 2–3 weeks.(170) In women, give ethinyl estradiol 10–15 micrograms/day or conjugated estrogens 0.625–1.25 mg/day for 25 days each month, followed by oral medroxyprogesterone 5–10 mg/day for the remaining 5 days to induce menstruation.

Growth hormone deficiency does not require replacement in adults who have reached full body size. In growing children, however, if growth is less than 4.5 cm/year and bone age is 2 years below normal or less, hormone treatment is required until full height for age is reached.(171)
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II Drug treatment

Drug treatment of pituitary tumors is used mainly for functioning tumors, which overproduce prolactin, growth hormone or ACTH according to tumor type. The aim is to reduce or eliminate excessive hormone secretion by tumor cells, restoring normal levels so that the resulting systemic abnormalities resolve. These drugs are generally used together with other treatments, such as surgery or radiotherapy. Medication alone cannot eradicate the tumor, although some drugs may temporarily shrink it while treatment continues. If treatment is stopped, excessive hormone secretion and tumor growth may recur. Furthermore, tumor shrinkage does not occur in every patient, even when hormone secretion is reduced, and the drugs may cause adverse effects.

There is no drug treatment for nonfunctioning pituitary tumors, except that patients with hypopituitarism caused by compression of the gland require hydrocortisone, thyroxine and vasopressin to replace their deficiencies.

Individual drugs are discussed below under the treatment of each type of functioning pituitary tumor.
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III Radiotherapy

See the sections on the individual types of pituitary tumor.
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FUNCTIONAL PITUITARY TUMORS

In order of frequency, the common types are prolactin-secreting adenoma, growth hormone-secreting adenoma and ACTH-secreting adenoma (Cushing’s disease).
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A. PROLACTIN-SECRETING ADENOMA

Also called a “prolactinoma,” this is the most common hyperfunctioning pituitary tumor. It causes hyperprolactinemia, producing amenorrhea and galactorrhea in women, and impotence and hypogonadism in men, sometimes with gynecomastia and galactorrhea.

Prolactin secretion into the bloodstream is controlled by hypothalamic neurohormones that stimulate or inhibit secretion (releasing and inhibiting factors)(172), although their predominant action is to inhibit prolactin secretion(170). The term prolactin inhibition factor (PIF) is therefore used. PIF is necessary to prevent unrestricted excessive prolactin secretion by the adenohypophysis. It passes through the pituitary stalk to regulate the adenohypophysis. Consequently, damage to the stalk or hypothalamus reduces PIF production or delivery to the anterior lobe, allowing serum prolactin to rise(173). PIF acts like dopamine(174,175), and there are reasons to believe that PIF is dopamine(175). Dopamine or dopamine agonists stop prolactin secretion; this action is used to treat prolactin-secreting tumors. The hypothalamic hormone that stimulates the anterior pituitary to secrete prolactin is called prolactin releasing factor (PRF).

Hypothalamic thyrotropin releasing hormone (TRH) is another PRF that stimulates prolactin secretion. Patients with low TRH or hypothyroidism also have low prolactin.

Although prolactinoma is the main cause of hyperprolactinemia, several other causes are possible:

Physiological states: pregnancy, early lactation, stress, sexual intercourse and sleep.

Pituitary tumors: prolactinoma, acromegaly and Cushing’s disease.

Lesions damaging the hypothalamus and pituitary stalk, such as craniopharyngioma, Rathke’s pouch cyst, germinoma, astrocytoma, meningioma, aneurysm and brain injury.

Drugs, including monoamine-depleting drugs (reserpine, methyldopa); dopamine-blocking drugs (haloperidol, phenothiazine, chlorpromazine, pimozide); histamine 2 blockers (cimetidine); and opiates (morphine, methadone).

primary hypothyroidism

“Empty sella” syndrome

Other causes, such as renal failure, polycystic ovary syndrome and chest injury.

In practice, there are four common causes: i) prolactin-secreting tumors; ii) drugs, particularly phenothiazines; iii) primary hypothyroidism; and iv) lesions damaging the hypothalamus and pituitary stalk(176,177). Distinguishing causes of hyperprolactinemia that produce similar signs and symptoms is sometimes difficult, particularly with a microadenoma and a serum prolactin level that is not markedly elevated.
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Diagnosis of prolactinoma

Diagnosis is based on:

1. Signs and symptoms of endocrinopathy due to hyperprolactinemia, mass effect, or both. Mass effect produces symptoms similar to those of other nonfunctioning pituitary tumors. In particular, compression of the remaining pituitary gland and optic chiasm causes hypopituitarism and bitemporal hemianopia. A large mass may compress the hypothalamus and cause raised intracranial pressure by obstructing the foramen of Monro.

The manifestations of hyperprolactinemia differ somewhat between the sexes. Women have oligomenorrhea or amenorrhea, galactorrhea and infertility. Amenorrhea is the principal presenting complaint in all cases. Among these patients, 95% of those with hyperprolactinemia have a prolactinoma(178). The tumors are usually not very large because hormonal symptoms appear earlier and are more conspicuous than in men. Men experience loss of sexual potency. In the absence of clear early warning symptoms, most present with mass effects, including hypopituitarism and chiasmal compression, and their tumors are usually large. Galactorrhea is much less common in men than in women(179)

. These manifestations suggest prolactinoma but are not specific to it. Only immunocytochemical analysis of tumor tissue provides a definitive diagnosis(180)

2. Persistently marked elevation of serum prolactin. Although serum prolactin may rise in several conditions listed above, levels in conditions other than prolactinoma are usually only moderately elevated, generally not exceeding 150 ng/ml. Persistent levels above 200 ng/ml are almost invariably due to prolactinoma. The larger the tumor, the greater the prolactin level. Modest elevations may be difficult to interpret and require other supporting evidence. If tumor size does not correlate with the prolactin level—for example, a large tumor with only a modest elevation—a prolactin-secreting adenoma is unlikely; compression of the pituitary stalk or hypothalamus is more likely. Failure of the mass to shrink with bromocriptine also argues against prolactinoma. This criterion is not invariably reliable, because some prolactinomas do not shrink during bromocriptine treatment.

3. Radiological investigation. High-resolution CT and MRI are now extremely useful for diagnosing pituitary tumors and perisellar lesions, even small tumors. Coronal CT sections show tumor size, shape and suprasellar or parasellar extension well. When CT demonstrates a pituitary tumor together with hyperprolactinemia above 200 ng/ml, the lesion is invariably a prolactinoma.

MRI is particularly suitable for large tumors extending beyond the sella. It shows their relationship to nearby brain structures and is therefore useful for surgery.

Plain skull radiographs are now rarely obtained because CT and MRI demonstrate tumors better. Pituitary adenomas may produce erosion, a double floor and ballooning of the sella turcica.

Carotid angiography is also no longer necessary except when an intracranial aneurysm extending into the sella is suspected and serum prolactin is only modestly elevated (below 150 ng/ml). This suggests a pseudoprolactinoma—a mass compressing the pituitary stalk, such as an aneurysm or craniopharyngioma—rather than a true prolactinoma.
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Treatment

Although prolactinoma is the most common pituitary tumor, its treatment remains controversial, because both medication and surgery give good results when appropriately selected. Current options include drug treatment, usually bromocriptine, surgery and radiotherapy, as this tumor is radiosensitive. Some patients do not yet require treatment. Important considerations include sex, age and tumor size: a microadenoma is smaller than 10 mm, whereas a macroadenoma is larger than 10 mm and may extend to compress adjacent structures.

As with other pituitary tumors, treatment aims to: i) preserve vision; ii) restore normal serum prolactin; iii) remove the tumor completely or prevent further growth; and iv) preserve normal pituitary function.

macroadenoma These tumors exceed 10 mm. A very large tumor extending to compress nearby structures, particularly the optic chiasm, requires immediate surgical removal to relieve chiasmal compression. Either a transfrontal or transsphenoidal approach may be used, depending on tumor size and extension. If all macroscopically visible tumor is removed but prolactin does not normalize, continue bromocriptine after surgery; radiotherapy is unnecessary. When a large tumor cannot be completely removed, postoperative radiotherapy should be given, possibly with bromocriptine to lower serum prolactin.

Women with a macroadenoma who wish to become pregnant should undergo surgery first, because without bromocriptine the tumor enlarges during pregnancy and may threaten vision(181,182,183). If prolactin normalizes after surgery and pregnancy occurs, bromocriptine is unnecessary. Persistent postoperative hyperprolactinemia should be treated with bromocriptine to permit conception and prevent regrowth during pregnancy. During this period, CT or MRI should be repeated periodically, because the tumor has an approximately 25–75% chance of regrowth within 5 years(184,185)

. If the tumor enlarges during pregnancy and threatens vision, one of three treatments may be used(186): i) bromocriptine to shrink the tumor and prevent further enlargement; ii) termination of pregnancy or premature delivery to stop tumor enlargement; or iii) tumor removal during pregnancy, with the attendant operative risks. On balancing these options, bromocriptine appears most appropriate, with surgery considered after delivery. Bromocriptine cannot eradicate the tumor, and growth resumes when treatment is stopped.

microadenoma These tumors are smaller than 10 mm and do not extend beyond the sella. Some physicians initially prescribe bromocriptine, reserving surgery for failure of medication. This approach seems questionable, because CT and MRI can now identify and locate small adenomas well. In experienced hands, transsphenoidal microsurgery has very low morbidity and mortality. Complete removal cures the disease while preserving pituitary function and avoids lifelong medication. Bromocriptine, in contrast, requires lifelong treatment, is expensive and cannot eradicate the tumor; it grows again when the drug is stopped. Reports also indicate that microadenomas treated with bromocriptine for more than 6–12 months before surgery have a lower surgical cure rate than tumors not treated beforehand(187, 188), because bromocriptine produces fibrosis within the tumor(189). Surgical removal of a microadenoma therefore appears preferable. If CT or MRI cannot clearly demonstrate the microadenoma, however, bromocriptine should be given to normalize prolactin, with clinical observation and periodic repeat CT to assess tumor changes.

A patient with a microadenoma who wishes to become pregnant but declines surgery should receive bromocriptine to reduce serum prolactin, allowing menstruation, ovulation and conception. During pregnancy, the risk that a microadenoma will enlarge enough to impair vision is low, and bromocriptine provides an additional means of controlling growth. Weiss M.H.(190) reported 35 patients who received bromocriptine during pregnancy, all of whom delivered healthy infants. Bromocriptine is therefore considered safe for the fetus.

Start bromocriptine at a low oral dose of 1.25 mg/day for 1 week. If there are no adverse effects, increase the daily dose by 1.25 mg each week until 7.5 mg/day is reached, divided into three doses of 2.5 mg. Once serum prolactin has normalized, continue this dose. Some patients require up to 30 mg/day; treatment must be individualized. At these doses, menstruation returns in 85% of treated women(191), and appreciable tumor shrinkage occurs within approximately 4–6 weeks. Stopping treatment leads to recurrent hyperprolactinemia and tumor regrowth(192)

. The tumor-shrinking effect of bromocriptine is useful as an adjunct to surgery. Give it for 3–4 weeks before surgery, then repeat CT. Once substantial shrinkage has occurred, the tumor can be removed more easily and completely.
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Radiotherapy

Radiotherapy should supplement other treatments rather than serve as the initial treatment, particularly for microadenomas, which can be completely removed and cured without irradiation. It should be used for large tumors with mass effects that cannot be completely removed, or for recurrent tumors.
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B. GROWTH HORMONE-SECRETING ADENOMA

This tumor causes excessive growth hormone secretion by somatotrophs. If it occurs at a young age before epiphyseal plate closure, longitudinal bone growth produces extreme height, termed “gigantism.” If it occurs after adolescence, when the epiphyseal plates have closed, the body enlarges in breadth, producing the characteristic appearance of “acromegaly.” Growth hormone hypersecretion beginning before epiphyseal closure and persisting afterward produces “acromegalic gigantism.”

Both pituitary acromegaly and gigantism are uncommon and occur more often in men than in women. Bodily changes develop slowly, so patients generally seek medical advice only once acromegaly is conspicuous. Tumors may be small (less than 10 mm), or large enough to compress adjacent structures or destroy the sella turcica. The signs and symptoms of acromegaly can be divided into two groups:

1. Signs and symptoms caused by elevated circulating growth hormone, with changes in tissues, bones and organs that shorten life expectancy.

1.1 Abnormal soft-tissue and bone growth. Before epiphyseal closure, growth hormone accelerates longitudinal bone growth; the hands, arms and legs become abnormally long, and the patient is very tall (Figure 5.25). After epiphyseal closure, bones become wider and thicker throughout the body, most conspicuously in the hands, arms, legs and face. The hands and feet become large and thick, with stubby digits. Facial features include a protruding forehead, prominent brow ridges and cheekbones, a large nose, an enlarged thick mandible with prognathism and widely spaced teeth, and thick lips (Figure 5.26). Abnormal growth of vertebrae and articular cartilage can compress spinal nerves, causing back pain, limb numbness and weakness. Hand numbness is common, typically involving the thumb, index and middle fingers as part of carpal tunnel syndrome; some patients also have muscle weakness. These manifestations result from median nerve compression at the wrist. Arthritic pain results from bony overgrowth, irregular articular surfaces and thickening of periarticular tissues.

1.2 Skin changes. The skin becomes thick and coarse. Increased sweat and sebaceous gland activity produces hyperhidrosis, oily skin and often an unpleasant odor.

1.3 Enlargement of organs, including the heart, liver, spleen, kidneys, thyroid, tongue and salivary glands. In addition to cardiomegaly, patients may develop hypertension, coronary artery disease and heart failure. Some attribute this to myocardial abnormalities termed acromegalic cardiomyopathy(193,194)

1.4 Endocrine abnormalities include diabetes mellitus, glucose intolerance and reduced sexual potency. Some patients have galactorrhea and amenorrhea because growth hormone-secreting adenomas often secrete other hormones as well. The most important and commonly associated hormone is prolactin.

2. Local signs and symptoms caused by tumor expansion include retro-orbital headache due to displacement of the diaphragma sellae. Large tumors cause visual loss, as described earlier, and hypopituitarism through compression of other pituitary cell types.
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Diagnosis

Diagnosis depends on three types of abnormality:

1. Clinical signs and symptoms characteristic of acromegaly and gigantism, as described above. Advanced disease has a striking, recognizable appearance that is similar in all patients. In early disease, when bodily changes are subtle, radiological and endocrine investigations are particularly important.

2. Radiological investigation

2.1 Plain skull radiographs demonstrate the sellar changes described earlier, but these are not specific to a GH-secreting adenoma, so such radiographs are now rarely obtained. The skull is generally thicker than normal, with loss of the diploic space. Enlargement of the paranasal sinuses is consistently conspicuous, particularly the frontal sinus, which may become very large and impede a frontal surgical approach. The mandible is enlarged.

2.2 Hand and foot radiographs show mushroom-shaped distal phalanges. The joints may show osteoarthritic changes. Soft-tissue shadows are also markedly thickened, especially at the heel.

2.3 CT and MRI best demonstrate small tumors and extrasellar extension. MRI shows the relationship between the tumor, optic chiasm and blood vessels particularly well.

3. Assessment of abnormal growth hormone secretion, either by direct GH measurement or by measuring somatomedin C (SmC). In normal individuals, the upper limit of basal serum GH is 5 ng/ml(195). In acromegaly, GH exceeds this level. An important diagnostic test is suppression of GH secretion by hyperglycemia during an oral glucose tolerance test (OGTT). In normal individuals, 100 g of oral glucose suppresses GH below 5 ng/ml within 90–180 minutes. In acromegaly, GH is not suppressed and remains elevated(159). An additional test measures the GH response to thyrotropin releasing hormone (TRH). TRH has no effect on GH secretion in normal individuals but raises serum GH in acromegaly.

The principal hormonal diagnostic criteria for acromegaly are therefore: i) basal GH above 5 ng/ml; ii) failure of hyperglycemia to suppress GH; iii) elevated somatomedin C; and iv) a rise in GH after TRH.
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Treatment

Treatment of GH-secreting adenomas follows the same principles as treatment of other pituitary adenomas, but should begin early because acromegaly shortens life expectancy. Studies indicate that untreated patients over 40 years of age have a mortality rate up to 50% higher than people of the same age(239). Excess GH affects multiple systems, particularly the cardiovascular system, with hypertension, diabetes and organ enlargement. Changes in the limbs, face, joints and soft tissues cause persistent discomfort. Tumor growth may also threaten vision. Early treatment can prevent these harmful consequences. Treatment must be individualized, aiming to normalize GH, prevent the effects of hormone excess, remove the tumor to relieve optic chiasmal compression and preserve normal function of the remaining pituitary gland. Three forms of treatment are available:

1. Surgery Surgery offers the possibility of cure by rapidly lowering GH and improving clinical manifestations. It also immediately relieves tumor compression of surrounding structures. Success depends on tumor size, direction of extension and surgical expertise. Small tumors with only moderately elevated basal GH have better surgical outcomes(196,197). Outcomes are less favorable for large tumors with very high GH, which require additional radiotherapy or medication.
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Two surgical approaches are used

1.1 The transfrontal approach is suitable for a large tumor extending into the suprasellar region, compressing the optic chiasm, with a postfixed chiasm. Surgery in acromegaly is somewhat more difficult than in other conditions because the skull is very thick and the frontal sinus is large. Extending the craniotomy down to the orbital ridge opens the frontal sinus, creating a risk of CSF rhinorrhea or meningitis. Outcomes are less favorable than with other approaches because these patients usually have large tumors and high GH levels.

1.2 The transsphenoidal approach is suitable for small intrasellar tumors, with cure rates of up to 80% for microadenomas(198,199,200). It is now a widely favored approach because hormonal investigations, CT and MRI identify tumors while they are still small, and the enlarged sphenoid sinus facilitates access.

GH falls immediately after surgery. Soft-tissue signs and symptoms improve: the hands and feet gradually become smaller, excessive sweating and headache disappear, and paresthesia gradually improves. Changes in facial appearance and bony abnormalities are less conspicuous. Associated diabetes improves, sometimes eliminating the need for insulin or allowing a very small dose(200)

2. Drug treatment Drugs that lower GH include dopamine agonists. Several are available, but bromocriptine, an ergot derivative that reduces GH secretion, is currently the most widely used and effective(201,202). It can also shrink GH-secreting adenomas, particularly tumors that cosecrete prolactin, which shrink more conspicuously than tumors secreting GH alone(203). Approximately 95% of patients receiving bromocriptine improve clinically(204). It should not, however, be the initial treatment, because GH is then very high and large doses of 20–60 mg/day are required; some patients cannot tolerate the adverse effects. It is preferable as an adjunct to surgery or radiotherapy. Surgery lowers GH immediately, so if bromocriptine is needed for residual postoperative elevation, a low dose is sufficient.

3. Radiotherapy Several methods are available:

i) Conventional irradiation, approximately 4,000–5,000 rads.

ii) Proton beam or heavy-particle irradiation.

iii) Intrasellar implantation of radioisotopes, such as yttrium or Au (gold).

With any radiation technique, the response is delayed. GH begins to fall approximately 6 months to 2 years after treatment, and normalization may take about 10 years. If normal GH is defined as below 5 ng/ml, 69–75% of patients reach this level 10 years after treatment(205,206). Because of this delay and the risk of complications, including hypopituitarism, optic nerve injury and brain necrosis, radiotherapy should supplement other treatment. Examples include incomplete tumor removal with persistently elevated GH, or recurrence indicated by a gradual rise in GH and enlargement on repeat CT.
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Selection of treatment

Because the treatments for acromegaly described above have differing results, the physician must select the best method for each patient.

1. In a previously untreated patient whose CT shows an intrasellar tumor, complete removal by a transsphenoidal or transfrontal approach is the best treatment. It rapidly lowers GH and can cure the disease without additional treatment, but should be performed by an experienced surgeon.

2. A large tumor extending beyond the sella turcica should be removed through a transfrontal approach to relieve compression of nearby structures, especially the optic chiasm, and simultaneously lower GH. These patients are generally not cured, so postoperative irradiation should destroy the remaining tumor.

3. Patients in poor health who are unsuitable for general anesthesia and surgery should receive radiotherapy. Because a fall in GH may take years, bromocriptine should also be given.
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C. ACTH-SECRETING PITUITARY ADENOMA (Cushing’s disease)

This pituitary tumor secretes excessive adrenocorticotropic hormone (ACTH), causing hypercortisolism or Cushing’s syndrome. Cushing’s syndrome has several causes: an ACTH-secreting pituitary adenoma; an adrenocortical tumor; an ectopic ACTH-secreting neoplasm, such as oat-cell carcinoma of the lung, thymoma or pancreatic cancer; and treatment with ACTH or glucocorticoids. Cushing’s syndrome of pituitary origin is termed “Cushing’s disease.” It is the major cause, accounting for up to 80% of cases; the remainder are due to adrenocortical tumors and ectopic ACTH-secreting neoplasms(207). Nelson’s syndrome also results from excessive ACTH secretion by a pituitary adenoma, developing 1–16 years after bilateral adrenalectomy(208). It comprises progressive hyperpigmentation after adrenalectomy, elevated ACTH and sellar mass effects caused by tumor enlargement. In addition to the history of adrenalectomy and these manifestations, CT helps establish the presence of a pituitary adenoma.
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Signs and symptoms

Hypercortisolism produces similar manifestations regardless of its cause. In Cushing’s disease, signs and symptoms may be divided into three groups:

1. Manifestations of hypercortisolism These include:

1.1 Increased appetite and obesity, with fat accumulation on the trunk and face. The face becomes round, full and red (“moon face”), with acne and increased hair on the upper lip, chin and sideburn areas. Fat accumulates at the nape as a “buffalo hump” and increases in both supraclavicular regions.

1.2 Pink-purple striae on the abdomen, thighs and posterior shoulders. The skin is thin, bruises easily after minor trauma, and heals slowly.

1.3 Bone pain from osteoporosis, sometimes with easy fractures, kyphosis and associated back pain.

1.4 Muscle weakness and wasting, usually proximal myopathy. Patients have difficulty rising from a squatting position unaided and climbing stairs.

1.5 Emotional disturbances are common.

2. Manifestations of dysfunction of other hormones These include amenorrhea or oligomenorrhea, reduced sexual potency in men and often hirsutism in women.

3. Mass effects These result from tumor growth compressing adjacent structures, particularly the optic chiasm. In the author’s experience these tumors are usually small, so chiasmal compression is uncommon.

4. Other manifestations include hypertension due to salt retention together with increased plasma renin substrate caused by excessive glucocorticoids(209,210). Diabetes occurs in approximately 25%, and more than half of patients have abnormal glucose tolerance. Infections, particularly fungal infections, are also common.
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Diagnosis

Diagnosis is based on:

1. The signs and symptoms described above. Advanced disease can be recognized on sight because the features are conspicuous and similar in all patients.

2. Elevated cortisol and metabolite levels in blood or urine. Normal plasma cortisol follows a daily rhythm: it is high on waking in the morning, falls toward bedtime and reaches its lowest level during sleep. In Cushing’s syndrome, plasma cortisol remains high throughout the day.

Measurement of 24-hour urinary free cortisol is a very useful assessment of cortisol secretion because urinary free cortisol is directly proportional to cortisol production. Values above normal, particularly at least twice normal, indicate Cushing’s syndrome.

The best diagnostic method is the dexamethasone suppression test, of which several variants exist (see endocrinology textbooks). The principle is that dexamethasone, a glucocorticoid given at bedtime, suppresses ACTH secretion and lowers morning blood cortisol. Failure of plasma cortisol to fall below 5 micrograms/dl suggests Cushing’s syndrome.

3. Radiological investigation. CT or MRI of the sellar region should be obtained in axial, coronal and sagittal planes. ACTH-secreting pituitary adenomas are usually small and cannot be demonstrated in every patient. CT detects adenomas in 60%, while MRI detects them in 80(211). An adenoma may be hypodense, isodense or hyperdense relative to pituitary tissue. Most macroadenomas are clearly visible. Failure of CT to demonstrate a microadenoma does not exclude one. If sellar CT does not clearly show an adenoma, CT of the abdomen, including the adrenals and pancreas, and of the chest should be obtained to seek other causes of Cushing’s syndrome.
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Treatment

An ACTH-secreting pituitary adenoma requires prompt treatment because mortality may reach 50% within 5 years(212). Causes of death include infection, heart failure, myocardial infarction and cerebrovascular accidents. As with other adenomas, three treatments are available: surgery, medication and radiotherapy.

1. Surgery Surgery is the best initial treatment for both macroadenomas and microadenomas because it immediately resolves hypercortisolism while preserving other pituitary functions.

A microsurgical transfrontal approach is suitable for large tumors with suprasellar extension. Complete removal is impossible, so cure rates are lower than for microadenomas and recurrence rates are higher.

The microsurgical transsphenoidal approach is now widely used and gives excellent results for microadenomas in experienced specialist hands. If the microadenoma can be seen and completely removed without damaging the remaining gland, the patient is cured without losing other pituitary functions. Surgical cure rates for microadenomas range from 87–96%(213,214,215)

. Occasionally, no definite pituitary abnormality is visible during surgery. The surgeon has three options: i) total hypophysectomy; ii) medication and radiotherapy; or iii) adrenalectomy. Before hypophysectomy, investigations must establish that the cause lies in the pituitary gland, and the postoperative consequences must be clearly explained and accepted by the patient. This is suitable for adults who do not wish to have children. Hypophysectomy should not be performed in children or young people who still wish to have children; medication and radiotherapy should be used instead(207, 211)

. Bilateral adrenalectomy was formerly popular. I believe it should be the last resort after pituitary surgery, radiotherapy and medication have failed. It rapidly resolves hypercortisolism but requires lifelong glucocorticoid and mineralocorticoid replacement. Nelson’s syndrome may also develop later, necessitating subsequent pituitary surgery. The pituitary adenoma of Nelson’s syndrome grows rapidly like a carcinoma, invading the skull base and compressing the optic chiasm and other cranial nerves(159)

2. Drug treatment Because the manifestations of Cushing’s disease result from excessive ACTH and adrenal steroid secretion, medication aims to reduce pituitary ACTH secretion or inhibit adrenal steroid synthesis.

Cyproheptadine and bromocriptine reduce ACTH secretion. Cyproheptadine is a serotonin antagonist; at 24 mg/day it normalizes serum cortisol and ACTH and resolves symptoms in 50% of patients(216). Symptoms recur immediately when treatment stops. Common adverse effects include drowsiness, increased appetite and weight gain.

Drugs that inhibit adrenal cortisol synthesis by blocking the necessary enzymes include aminoglutethimide, metyrapone and mitotane (O,P-dichlorodiphenyl dichloroethane; O,P-DDD). Their usefulness is limited because a fall in serum cortisol increases ACTH secretion, overcoming the enzyme blockade.

Drug treatment of Cushing’s disease should accompany radiotherapy or be used when surgery and radiotherapy have failed. It is also useful before surgery, restoring abnormalities to normal and improving the patient’s fitness for the operation.

3. Radiotherapy Although surgery is the best treatment, radiotherapy is sometimes necessary, either initially or as an adjunct, for example after incomplete removal or when the patient’s health precludes surgery. Conventional radiation or heavy-particle irradiation may be used. Both have similar complications, including hypopituitarism and cranial nerve palsies, and require 6 months to 1 year before a response becomes apparent. Reports of conventional radiation indicate cure rates as high as 80% in children(217,218), but lower rates of 25–50% in adults.

All patients with Cushing’s disease should therefore initially undergo pituitary microsurgery by an experienced surgeon, unless surgery is contraindicated, in which case radiotherapy or medication is used. Severe hypercortisolism should first be treated medically until the patient improves, followed by surgery. Radiotherapy and medication should serve as adjuncts to surgery.
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METASTATIC BRAIN TUMORS

These tumors arise in brain tissue through spread from cancers in other organs. They are common brain tumors and an important cause of disability and death. Autopsies of patients who die of cancer reveal brain metastases in up to 25%; two-thirds of these patients had neurological symptoms during life(219,220,221)

. Tumor cells reach the brain through arteries and lodge at the ends of small arterial vessels. Most metastases therefore lie near the surface, in the subcortical region at the gray–white matter junction; some are visible on the brain surface. Their frequency in the cerebrum, cerebellum and brainstem varies with regional blood flow and tissue volume. Normally approximately 60% of blood flow passes through the internal carotid arteries, while the vertebrobasilar arteries carry 40%. Metastases are consequently more common in the cerebrum than the cerebellum and least common in the brainstem. In the cerebral hemispheres, they often occur near the central fissure in the middle cerebral artery territory. Another route is direct extension from the skull base into the base of the brain, commonly from nasopharyngeal carcinoma.

Lesions may be solitary or multiple, but approximately two-thirds of patients have multiple tumors, an important diagnostic feature. Before CT, angiography and radioisotope scanning had difficulty demonstrating multiple lesions, especially small ones, so apparently solitary tumors were reported more often than multiple tumors. CT and MRI now readily demonstrate multiple lesions, even when small, and show tumors of varying sizes. The proportion of patients classified as having a solitary tumor is therefore lower.

Lung cancer is generally accepted as the most common source of brain metastases, followed by breast, colon, kidney and uterine cancers, in that order. Melanoma has a marked tendency to metastasize to the brain, but because this skin tumor is uncommon, cerebral melanoma metastases are seen less frequently. When present, they are usually multiple and prone to intratumoral hemorrhage. Another group of patients presents with a metastatic brain tumor whose primary site is unknown.

Both solid and cystic metastases are well circumscribed and consistently accompanied by marked surrounding brain edema, regardless of tumor type. The degree of edema does not correlate with tumor size: a small tumor may produce extensive edema, an important characteristic. Possible contributing factors include tumor vascularity, vascular permeability, metabolism and fluid production by tumor cells(222). Peritumoral edema facilitates surgical removal because the soft edematous brain separates clearly from the firmer tumor margin. However, edema also has harmful effects, causing relatively rapid loss of function in the affected region and raising intracranial pressure.
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Symptoms and Signs

The neurological symptoms and signs of metastatic brain tumors cannot be clearly distinguished from those of other intracranial expanding lesions, because their manifestations are similar. Common important features include headache, papilledema, vomiting, focal seizures, monoparesis or hemiparesis, and a gradually deteriorating level of consciousness.

Patients presenting with these manifestations may be divided into two groups according to the course of their symptoms.

1. Gradual onset. Symptoms begin with headache, often worse in the morning, which subsequently becomes more severe as cerebral edema increases. Other manifestations of raised intracranial pressure follow, including vomiting, papilledema, and gradually deteriorating consciousness. Marked papilledema does not necessarily indicate a large tumor: a small tumor with extensive surrounding edema may also cause severe papilledema. In the author's experience, marked papilledema is often associated with multiple metastatic lesions.

Monoparesis or hemiparesis is another common manifestation, because most tumors arise in regions supplied by the middle cerebral artery. Speech impairment may occur when the tumor is in the dominant hemisphere. These symptoms gradually worsen as edema compresses the surrounding brain, but gradually improve with dexamethasone treatment or complete surgical removal of the tumor.

Example of a progressive neurological deficit A 75-year-old male merchant developed headache 3 weeks before admission. The headache progressively intensified. Two weeks before admission, he began giving inappropriate answers to questions and repeatedly miscalculating change. He developed blurred vision in both eyes and vomiting. Subsequently, he became unable to speak and developed progressively worsening weakness of the right arm and leg. On examination, he was conscious but unable to speak. Fundoscopy showed papilledema, and he had right hemiplegia and right hemianopia. CT demonstrated a tumor in the left posterior parieto-occipital region, with extensive edema involving all lobes of the left hemisphere (Figure 7.151). Investigation did not identify a primary cancer elsewhere. He received dexamethasone, and the tumor was completely removed. Histological examination showed adenocarcinoma. After surgery, the headache resolved and he was able to speak and walk normally.

This example illustrates relatively rapid deterioration over approximately 2 weeks. Most of the neurological deficits resulted from edema compressing the surrounding brain, because the tumor itself was not situated in the speech or motor areas. Once the tumor causing the edema had been removed and dexamethasone had been given to reduce the swelling, neurological function returned to normal.

[image: Figure 7.151. CT showing a metastatic brain tumor in the posterior part of the left parietal lobe. Note the extensive hypodense area of cerebral edema.]Figure 7.151. CT showing a metastatic brain tumor in the posterior part of the left parietal lobe. Note the extensive hypodense area of cerebral edema.
Metastatic brain tumors in certain locations that cause monoplegia, particularly of the leg, may be mistaken for nerve root compression, as illustrated below.

Example of left foot drop A 45-year-old man who had smoked heavily since youth presented with weakness of the left leg for 1 week. His toes dragged along the ground when walking, requiring him to lift the leg high to avoid tripping, and his foot slapped the ground when placed down. He had neither numbness in the leg nor low back pain. Examination showed distal weakness of the left leg, a foot-drop gait, and an absent left ankle jerk. The first examining physician diagnosed lumbar nerve root compression and requested lumbosacral spine radiographs and a lumbar myelogram, both of which were normal. A neurosurgical consultation elicited a history of occasional headache and progressively worsening leg weakness without numbness. Fundoscopy showed engorgement of the central retinal vein. Together with the absence of dermatomal sensory loss in the leg, these findings suggested a lesion in the cerebral motor leg area. CT demonstrated a tumor with surrounding edema in the medial part of the posterior frontal lobe (Figure 7.152 A). A chest radiograph revealed lung cancer, making a brain metastasis from the lung highly likely. The brain tumor was completely removed (Figure 7.152 B), and leg strength improved after surgery. The patient subsequently underwent removal of the lung tumor but died 6 months later from multiple brain metastases. This example shows that a rapidly growing tumor with extensive edema in the motor leg area, such as a metastatic brain tumor, may cause flaccidity of the leg and foot and be mistaken for a peripheral nerve disorder in the lumbar region. A thorough neurological history and examination should prevent such a diagnostic error.

For a cerebellar metastasis, the principal symptoms are headache and unsteadiness toward the side of the tumor. The headache often increases rapidly because these tumors cause hydrocephalus more readily than tumors elsewhere. Examination reveals papilledema, nystagmus, gait ataxia, and incoordination.

[image: Figure 7.152. A small metastatic brain tumor in the motor leg area causing foot drop. A. CT showing hypodense edema surrounding the tumor (small arrow).]Figure 7.152. A small metastatic brain tumor in the motor leg area causing foot drop. A. CT showing hypodense edema surrounding the tumor (small arrow).
[image: Figure 7.152 B. Operative view showing the removed tumor placed on the brain surface.]Figure 7.152 B. Operative view showing the removed tumor placed on the brain surface.
2. Acute onset. Common manifestations include the following:

2.1 Seizures. These are usually focal and may spread to other parts of the body, a pattern termed marching or Jacksonian epilepsy. Some patients develop generalized seizures with loss of consciousness. After a seizure, weakness may affect the limbs involved in the seizure (Todd's paralysis or postictal paralysis). Seizures are common in patients with multiple brain metastases.

2.2 Stroke-like symptoms. Hemiplegia develops suddenly, with or without loss of consciousness, although drowsiness is common. This presentation generally results from hemorrhage into the tumor, particularly in choriocarcinoma and malignant melanoma. Subarachnoid hemorrhage may also occur. These patients often deteriorate rapidly: the substantial edema already associated with such tumors is compounded by bleeding, causing a rapid rise in intracranial pressure. Delayed diagnosis and treatment often result in death, as illustrated below.

Example of hemorrhage into a brain metastasis from choriocarcinoma A 28-year-old woman developed headache and sudden weakness of the left arm and leg 3 hours before admission. On arrival, she had a focal seizure of the left arm that spread to the face and left leg, followed by a generalized seizure and loss of consciousness. After the seizure, she had flaccid left hemiplegia and did not answer questions. Right carotid angiography was performed because a ruptured arteriovenous malformation was suspected in view of her young age. Instead, it demonstrated a tumor in the right posterior frontal region with marked edema and midline shift. Craniotomy revealed a hemorrhagic tumor on the cortical surface in the motor area, surrounded by subarachnoid hemorrhage. The brain was markedly swollen and bulged beyond the skull margins (Figure 7.153 A). The tumor was completely dissected out (Figure 7.153 B). Histological examination showed hemorrhagic choriocarcinoma. After surgery, she remained hemiplegic and unconscious and died 3 days later from cerebral edema and raised intracranial pressure.

[image: Figure 7.153. A metastatic brain tumor presenting like a hemorrhagic stroke. A. Operative view showing hemorrhage into a tumor on the cortical surface. Note the associated cerebral edema and subarachnoid hemorrhage.]Figure 7.153. A metastatic brain tumor presenting like a hemorrhagic stroke. A. Operative view showing hemorrhage into a tumor on the cortical surface. Note the associated cerebral edema and subarachnoid hemorrhage.
[image: Figure 7.153 B. The completely excised tumor.]Figure 7.153 B. The completely excised tumor.
This example illustrates an acute presentation of a metastatic brain tumor with both seizures and features resembling a hemorrhagic stroke. Deterioration is relatively rapid, neurological deficits are often permanent, and mortality is high because of cerebral edema.
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Diagnosis

Symptoms and signs alone cannot reliably distinguish the pathology of an intracranial tumor, because different expanding lesions produce similar manifestations. Imaging is therefore required for differentiation. Nevertheless, when the course is characterized by i) relatively rapid neurological deterioration, ii) progressively severe headache, and iii) deterioration in consciousness over a short period—all three resulting from marked cerebral edema—metastatic brain tumors should be considered first and distinguished from glioblastoma multiforme.

CT and MRI are the best investigations, clearly demonstrating multiple tumors and their surrounding edema. On contrast-enhanced CT, the tumor is hyperdense, with an extensive hypodense area of surrounding edema. Central hypodensity may be present because of central tumor necrosis. Important diagnostic features of brain metastases are i) multiple lesions of different sizes and ii) extensive surrounding hypodense edema, even around a small tumor. However, a brain metastasis may be solitary and sometimes difficult to distinguish from glioblastoma multiforme or a brain abscess. Finding a primary cancer elsewhere aids the diagnosis. If cancer is found in the lung, breast, or another organ, an intracranial mass is more likely to be metastatic than another type of lesion.

Besides showing the number of lesions, CT or MRI demonstrates hydrocephalus and various mass effects. These findings help determine the best method of treatment for the patient and are also useful in monitoring the response to treatment.

Cerebral angiography can show the tumor's location, but is less effective than CT at demonstrating multiple lesions and may fail to reveal small tumors. It is now performed infrequently. Findings used to diagnose a metastatic brain tumor include i) a single large feeding artery, in which an embolus of malignant cells has lodged and developed into a tumor, and ii) tumor staining and early venous drainage.
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Treatment

In general, treatment of metastatic brain tumors is regarded as palliative, intended to relieve symptoms and prolong life for a time. Ultimately, patients die from cancer spreading to other organs. Available treatments include surgery, corticosteroids, radiotherapy, and chemotherapy. One method may be used alone or several may be combined, according to the individual case. Important factors in choosing treatment to obtain the best outcome include:

1. The number of tumors: whether the lesion is solitary or multiple.

2. Whether the tumor is situated where surgery would be hazardous or cause loss of brain function.

3. The extent of neurological impairment before treatment.

4. The patient's age and medical illnesses.

5. The severity of the primary cancer and the extent of spread to other organs.

6. The type of cancer, including whether it is radiosensitive or radioresistant.

7. The interval between treatment of the primary cancer and development of brain metastasis.
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Surgical Treatment

In appropriately selected patients, surgery offers several benefits:

1. It immediately relieves compression of the brain by a large tumor, which may cause acute deterioration through raised intracranial pressure and cerebral herniation.

2. It removes the cause of cerebral edema, allowing the swelling to subside rapidly and avoiding prolonged corticosteroid use.

3. It establishes the tumor type, guiding subsequent additional treatment.

4. Complete removal of the tumor avoids the potential for extensive radiation damage to the brain.
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Indications for Surgery

After considering the factors and benefits discussed above, the following criteria may be used to select patients suitable for surgery.

1. A solitary brain metastasis in a location where surgery is unlikely to cause further neurological impairment or readily endanger life, and where relieving compression by the tumor and edema would improve neurological symptoms. Even a solitary tumor, however, may be difficult to locate if it is small and not visible on the cortical surface; attempted removal may sometimes increase disability. In one of the author's cases, CT showed a small solitary metastasis in the medial posterior frontal lobe, causing only slight leg weakness. At craniotomy the tumor could not be found, and the operation was abandoned. The leg weakness increased afterward, indicating additional neurological impairment caused by the operation. This example illustrates the difficulty of locating a small subcortical tumor. The leg weakness was caused by edema. The author therefore considered that treatment should begin with dexamethasone to reduce the edema, followed by waiting for the tumor to enlarge enough to become readily visible at the cortical surface, so that removal would be more reliable. CT or MRI performed with markers attached to the scalp to indicate the tumor's position is another method currently available to assist the surgeon.

In some patients with more than one lesion, tumors situated close together can be removed through a single craniotomy without increasing neurological impairment. In such cases, the tumors should be removed together.

2. When a patient has a solitary brain tumor and the primary site of cancer is unknown, the tumor type cannot be determined. Complete removal for histological diagnosis should therefore be performed, simultaneously providing treatment. If the tumor lies in a critical or deep location, such as the thalamus, stereotactic or CT-guided biopsy may be used.(223)

A solitary brain tumor may not be metastatic. Every effort should therefore be made to establish its type, because treatment differs according to pathology. Identifying the type of tumor in the brain also facilitates the search for the primary cancer.

3. A large brain tumor may cause mass effect, rapidly rising intracranial pressure, and progressive deterioration in consciousness. Radiotherapy or dexamethasone will not act quickly enough. Surgical removal should be performed to relieve mass effect and raised intracranial pressure immediately, allowing the patient to recover.

Some patients deteriorate acutely during radiotherapy, with CT showing increased edema and midline shift. Complete surgical removal of the tumor is necessary in such cases for the patient to recover.

4. When histological examination of cancer elsewhere in the body establishes that it is radioresistant, surgical removal is the only means of eliminating the brain tumor.
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Contraindications to Surgery

The purpose of removing a metastatic brain tumor is to improve symptoms and reduce suffering for a period of time. Several factors, however, may prevent surgery from producing the expected improvement, and in some patients it may cause further deterioration. Surgery is therefore contraindicated in the following circumstances.

1. Multiple brain tumors of varying sizes in several lobes. In fact, the number of tumors visible on CT may underestimate the true number, because smaller lesions may remain undetectable. Surgery therefore cannot remove them all. Even after a large lesion has been removed, symptoms may recur within a few days. These patients should receive another form of treatment, such as radiotherapy.

2. A metastasis in a deep location, such as the thalamus (Figure 7.154), basal ganglia, or brain stem. Surgery causes further neurological impairment and carries a high mortality rate.

3. Patients with systemic metastases, for example in the liver, lungs, bone marrow, spine, and brain, together with impaired brain function, have a very short life expectancy. Surgery or any other form of treatment is inappropriate because the cancer cannot be arrested. The physician's role is to improve comfort and relieve suffering at the end of life.

[image: Figure 7.154. CT showing metastatic tumors in the thalamus and basal ganglia on both sides.]Figure 7.154. CT showing metastatic tumors in the thalamus and basal ganglia on both sides.
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Operative Technique for Metastatic Brain Tumors

Cancer impairs organ function both at its primary site and at other sites to which it spreads. Before surgery, a comprehensive physical examination, laboratory investigations, radiographs, and assessment of organ function are therefore required to establish the extent of cancer, since these factors are important causes of death outside the brain. For example, in a patient with a brain metastasis from lung cancer and no other metastases, if pulmonary function remains good and the lung cancer is resectable, the brain metastasis should be removed first, followed by removal of the lung tumor within 2–3 weeks. If pulmonary function is poor, anesthesia is likely to be hazardous, and the lung tumor cannot be removed, another form of treatment should be used.

Because a metastatic brain tumor may produce extensive edema even when small, dexamethasone should be given for 2–3 days before surgery to reduce swelling. This helps prevent brain herniation through the dural opening and facilitates access to the tumor.

Mannitol may be necessary if the patient deteriorates acutely before surgery, followed by urgent removal of the causative tumor.

The operative principles do not differ from those for other brain tumors. Most metastases are subcortical, with only a few visible on the cortical surface. Subcortical lesions may be difficult to reach because a small tumor can be accompanied by marked swelling. The cortical opening may therefore miss the tumor, and attempts to locate it may cause further neurological impairment. To avoid additional brain injury, the precise location should be established before surgery using coronal MRI or CT with scalp markers. Ordinary axial CT may not localize the lesion precisely. Previously, angiography could also localize small tumors by comparing cortical veins and arteries seen on the angiogram with those visible on the cerebral cortex during surgery. Intraoperative ultrasound(224) is another method of locating the tumor. Accurate localization by these methods reduces both operating time and functional loss by limiting brain injury. In some cases, tumors can be removed from the dominant hemisphere near the speech and motor areas without additional impairment; many patients improve.

In the author's experience, complete removal of the tumor as a whole prevents recurrence at the same site or makes it very uncommon. The surgeon should therefore aim for complete removal. The outcome of leaving residual tumor in the hope that radiotherapy will control it remains uncertain. Another important consideration is that partial removal or biopsy alone often leads to postoperative intratumoral hemorrhage and deterioration. The feasibility of complete removal, however, depends on the tumor's size, location, and characteristics.

For a subcortical tumor, the craniotomy should be centered where the lesion lies closest to the cortical surface, as determined by MRI or CT, preferably with preoperative markers. After the dura is opened, a superficial lesion may be indicated by pale, thinned cortex; a deeper lesion produces no visible cortical change. A Cushing cannula is passed through the cortex to identify the tumor's precise location. The tumor feels more springy than the edematous brain. Withdrawal of the cannula after entering the tumor often releases bright red blood, usually indicating penetration of its vascular wall. If the cortex is thin, considered nonfunctional, and outside the motor and speech areas, the thinned portion may be excised to expose the tumor wall widely. This facilitates removal of the whole tumor without excessive cortical retraction, which can cause postoperative edema. A fine suction tip is used to aspirate the edematous brain around the tumor wall, and cotton patties are used to separate the brain from the tumor progressively at greater depth. Separation is generally easy because the edematous brain is soft, ultimately allowing removal of the entire tumor.

For some deep tumors, there is no clearly visible cortical change. The same approach is used, but if the tumor proves large once its wall is reached, en bloc removal should not be attempted because it would cause extensive brain injury. An ultrasonic aspirator should be used to remove the tumor internally, leaving a thin wall. Folding this wall toward the center permits its separation from the surrounding edematous brain. The operative field should then be thoroughly irrigated. Some large tumors have central necrosis: opening the wall releases cloudy white-yellow fluid resembling the pus of a brain abscess, but Gram staining shows neither bacteria nor polymorphonuclear cells. The entire wall must also be removed in these cases, using the same method.

A transcortical incision should run along the middle and length of a gyrus. In critical regions, the incision should be as small as possible, and deeper dissection should proceed carefully, with the presumed direction parallel to important fiber tracts. An incision across a gyrus should be avoided because it may damage blood vessels and cause extensive brain injury.

For a tumor visible on the cortical surface, the small vessels and adjacent brain around the exposed tumor are coagulated and divided. The tumor is then dissected free from the surrounding brain as described above. If it adheres to the dura, the involved dura must be excised around the attachment. After complete tumor removal, the dura is repaired with fascia or pericranium.
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Results of Surgery

Results are currently good for a solitary metastatic brain tumor in a noncritical location. Most can be completely removed without increasing disability, while the patient's general condition remains good. Sound technique, together with the operating microscope, ultrasonic aspirator, and CT or MRI localization, increases the likelihood of complete removal. Recurrence at the operative site is therefore uncommon, and survival is prolonged. When the only metastasis is a solitary brain lesion, with no spread to other organs, most patients survive approximately 1 year. If the cancer spreads to other organs and to new sites in the brain, survival is only 3–5 months.
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Medical Treatment

corticosteroids are very useful in metastatic brain tumors because they effectively reduce tumor-related cerebral edema. Dexamethasone is given at a dose of 10 mg intravenously, followed by 5 mg intravenously every 6 hours. Headache, level of consciousness, and hemiparesis improve within 2–3 days. Surgery is then easier because intracranial pressure has decreased. Corticosteroids are also useful for reducing postoperative cerebral edema and edema during radiotherapy. Very high doses of corticosteroids may themselves cause seizures.(225)

anticonvulsants are necessary because these tumors are usually subcortical and sometimes involve the cortical surface, making seizures likely. Multiple tumors increase this likelihood considerably. The drugs used are Dilantin 100 mg three times daily after meals together with phenobarbital 30 mg three times daily after meals. Higher doses may be required when corticosteroids are given. Blood anticonvulsant levels must be measured after tumor removal while steroids are being tapered; otherwise, Dilantin intoxication may occur.(222)

chemotherapy has not produced satisfactory results in the treatment of metastatic brain tumors. This lack of effectiveness is attributed to the drugs' inability to penetrate the blood–brain barrier.
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Radiotherapy

This is another form of palliative treatment and is suitable in the following circumstances.

1. Radiosensitive metastatic brain tumors, such as lymphoma, germ cell tumors, and oat cell carcinoma of the lung.

2. A solitary tumor that cannot be completely removed surgically and is highly or moderately radiosensitive should be irradiated in the hope of destroying the residual tumor.

Whether radiotherapy should be given after complete removal of a solitary tumor remains controversial. Those who favor radiotherapy argue that fragments of tumor may remain at the operative site and that small tumors elsewhere may not yet be visible on CT. They also argue that radiotherapy prolongs survival. Those opposed believe that the tumor has been removed as an intact mass and that there may be no metastases elsewhere in the brain. They therefore regard irradiation as causing brain damage without benefit and potentially making the patient feel unwell. The author bases the decision on the patient's symptoms and CT findings. After complete removal of a solitary tumor, serial CT examinations are performed. If no new brain metastasis is found, radiotherapy is withheld. During this period, the patient feels better than during a course of radiotherapy. If CT subsequently reveals a new solitary brain metastasis in a location where removal would not impair brain function, the patient is offered a choice between another operation, as before, and radiotherapy, provided that the previous histological findings indicate moderate radiosensitivity. The rationale and benefits of a second operation are the same as for the first: immediate reduction of intracranial pressure and mass effect, and cessation of cerebral edema. In the author's opinion, repeat surgery is appropriate because operative mortality in the hands of an experienced surgeon is now very low. If the patient declines surgery, radiotherapy is used. If CT after the first operation reveals multiple tumors elsewhere, radiotherapy is given without further surgery.

If, after the first operation, the primary cancer and disease at other metastatic sites are advanced and the patient is expected to survive no longer than 2–3 months, radiotherapy should not be given because it does not help the patient.

3. Surgery is considered contraindicated when multiple brain metastases are present; radiotherapy should therefore be given.

4. Surgical removal of deeply situated tumors, such as those in the thalamus or basal ganglia, is also considered contraindicated. If needle biopsy shows a radiosensitive metastatic brain tumor, radiotherapy is required.

5. Radiotherapy should be used when the patient's physical condition is unsuitable for anesthesia and surgery. However, radiotherapy should not be given if the cancer is in its terminal stage.
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Results of Radiotherapy

As already stated, radiotherapy is only a palliative measure to prolong life. Patients with radiosensitive tumors survive longer than those with other tumors, sometimes for more than 1 year. In general, patients receiving radiotherapy survive approximately 3–9 months and die from widespread systemic cancer or new brain metastases. It is accepted that radiotherapy after removal of a solitary metastatic brain tumor prolongs survival.

Possible Complications Following Radiotherapy include hemorrhage within the tumor and cerebral edema. Both may cause clinical deterioration or brain herniation. Intratumoral hemorrhage requires urgent tumor removal for the patient's condition to improve. Radiotherapy invariably produces accompanying cerebral edema, so dexamethasone must be given each time. In some patients, however, edema develops rapidly and is so severe that dexamethasone cannot control it. Tumor removal is then required to eliminate the cause of the edema before the patient's condition can improve.

Another complication, occurring approximately 2 years or more after irradiation, is brain necrosis or leukoencephalopathy.(226) This is seldom observed because most patients have already died of their cancer.
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GLOMUS JUGULARE TUMOR

A glomus jugulare tumor arises from a cluster of cells in the outer wall (adventitia) of the jugular bulb, called the glomus jugulare.(227) These cells resemble those of the carotid body and chemoreceptors elsewhere. They also occur at several sites in the petrous bone, including beneath the mucosa of the medial wall of the middle ear, along the tympanic nerve, and in the submucosa of the promontory.(228)

A glomus jugulare tumor spreads locally. While it is still small, it may be seen in the middle ear. Otoscopy reveals a reddish-gray mass bulging the tympanic membrane. Alternatively, the tumor may lie in the jugular foramen and extend into the lumen of the jugular bulb and dural sinuses without initially destroying the jugular foramen. As it enlarges, it destroys the jugular foramen and the wall separating it from the middle ear, then spreads into the mastoid and petrous portions of the temporal bone. Eventually, the tumor enters the posterior fossa at the medial margin of the jugular foramen or the cerebellopontine angle, sometimes appearing at several nearby sites,(229) depending on the direction of its destructive expansion. Glomus jugulare tumors extend into the posterior fossa by two distinct routes,(230) a distinction important in surgery. The more common route involves bone destruction followed by displacement of the dura into the posterior fossa. The other is herniation of the tumor through the dura at the jugular foramen. Most of the tumor is therefore extradural. During surgery, every effort must be made to preserve the dura to prevent CSF otorrhea. When the tumor extends intradurally, surgery carries a greater risk of CSF otorrhea.(231) Tumor extension within the petrous bone impairs cranial nerve function to varying degrees depending on its location, involving cranial nerves IX, X, XI, VII, VIII, and V or XII. The tumor may also extend into the neck anterior to the mastoid or into the pterygoid fossa. These tumors grow very slowly, but complete removal is difficult because of their inaccessible location.

Glomus jugulare tumors occur most often between 40 and 50 years of age and are more common in women than in men.

Original pages 941–942
Symptoms and Signs

Because the tumor may arise in the middle ear or the jugular foramen, its symptoms and signs can be divided into two groups.

1. Otological symptoms include pulsatile tinnitus in the ear on the side of the tumor, owing to its abundant blood supply. Ear pain is another presenting symptom. Eventually, conductive hearing loss develops.(232–234) Some patients have bleeding from the ear. Otoscopy reveals a reddish-gray mass bulging the tympanic membrane. Biopsy of this tumor may cause severe hemorrhage and can be dangerous.

2. Neurological symptoms usually result from cranial nerve compression. Extension into the posterior fossa produces symptoms of cerebellar and brainstem compression. Hydrocephalus and raised intracranial pressure develop later.

A tumor arising in the jugular foramen produces jugular foramen syndrome, characterized chiefly by loss of function of cranial nerves IX, X, and XI. The patient has hoarseness, choking on swallowing, and wasting and weakness of the sternocleidomastoid and trapezius muscles. Additional cranial nerves that may be affected are VII, VIII, V, and XII, depending on the direction of tumor extension. Destruction of nerves VII and VIII causes lower motor neuron facial palsy involving the entire side of the face and sensorineural hearing loss. Cranial nerve deficits do not imply that a large tumor mass is present in the posterior fossa; they result from tumor compression of the nerves along their extradural course through the skull foramina.

Tumor extension into the posterior fossa causes an unsteady gait, nystagmus, hemiparesis, and papilledema associated with raised intracranial pressure.
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Diagnosis

Diagnosis is based on the otological and neurological symptoms and signs described above, together with radiological changes.

Skull radiographs show enlargement of the jugular foramen and destruction of the inferomedial portion of the petrous bone (Figure 7.156)

CT and MRI are currently the best examinations for demonstrating changes in the jugular foramen and petrous bone. They also show the tumor within the foramen and its extension into the posterior fossa or the neck.

ANGIOGRAPHY is important and must be performed before surgery because these tumors are highly vascular. Four-vessel angiography combined with digital subtraction clearly demonstrates tumor vascularity and feeding vessels. The principal supply is the ascending pharyngeal artery, a branch of the external carotid artery, with collateral anastomoses to the vertebral artery (Figure 7.157). Additional supply may arise from the intrabony portion of the internal carotid artery or the meningohypophyseal trunk. Angiography is also useful for tumor embolization(235) to reduce the blood supply, making surgery easier and reducing blood loss.

Imaging should include the transverse sinus and internal jugular vein, with digital subtraction to assess tumor extension into the veins and occlusion of the sinus or vein. This information helps determine whether the sinus or vein can be ligated and divided during surgery, and at what level.
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Treatment

There are three treatment methods: surgery, radiotherapy, and embolization. Surgery is considered the best treatment because complete removal can cure the patient. Unfortunately, this location makes surgical access difficult and places several cranial nerves at risk, potentially causing postoperative disabilities such as dysphagia, choking, hoarseness, and facial palsy. Surgery also entails substantial blood loss because the tumor is highly vascular, and postoperative CSF otorrhea may occur. Radiotherapy and embolization provide symptomatic relief only and are used in conjunction with surgery.

embolization Selective embolization before surgery is very useful in reducing operative blood loss and producing tumor necrosis.(236,237) It is suitable for large tumors supplied by large vessels that can be selectively embolized. Embolization must be performed as close to the tumor as possible, selecting only the vessels that supply it. Vessels anastomosing with intracranial vessels—the vertebral and internal carotid arteries—should not be embolized because cerebral ischemic complications may occur. These vessels should instead be coagulated and divided surgically. Even after embolization, bleeding may still occur from areas supplied by other vessels. The surgeon should therefore always identify, coagulate, and divide feeding vessels before cutting into the tumor.

It is recognized that embolization of tumors in the posterior fossa may cause not only partial tumor infarction and swelling but also infarction of the brainstem and cerebellum. An infarcted, swollen tumor may compress vital centers and cause death. Before embolization, the angiogram must therefore be examined carefully to determine which vessels should and should not be embolized.
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Radiotherapy

Opinions about radiotherapy remain divided: some consider it ineffective because of radioresistance, whereas others consider it beneficial. Radiotherapy has been used as an adjunct both before and after surgery. Cole(238) reported treating 20 patients with glomus jugulare tumors using 4,000–5,000 rads and found that the tumors remained unchanged for several years. Radiotherapy is therefore suitable for elderly patients and those with medical conditions that make surgery unsuitable. It is also used for residual tumor after surgery.
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Surgical Treatment

With the surgical techniques and instruments now available, surgery is the best treatment. Complete tumor removal can cure the patient. Several surgical approaches are available, depending on the tumor's location. Some cases require cooperation between a neurosurgeon and an otolaryngologist.
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Surgical Approaches

1) The mastoidectomy approach is suitable for tumors confined to the ear that have not extended elsewhere. The operation is performed by an otolaryngologist.

2) Suboccipital craniectomy is suitable for tumors extending into the posterior fossa at the cerebellopontine angle and causing compression of the brainstem and cerebellar hemisphere, with hydrocephalus. The aim is to relieve compression of the brain and cranial nerves. However, this approach cannot achieve complete removal because the tumor originates extradurally and extends into the posterior fossa. Its marked vascularity also causes substantial operative bleeding, making safe removal without injury to brain tissue, cranial nerves, or vessels difficult. Results are therefore less satisfactory, and residual tumor must be left in the petrous bone, internal jugular vein, and below the jugular foramen. Pursuing tumor in the jugular foramen from the posterior fossa often further impairs cranial nerves IX, X, and XI.

3) Combined craniectomy and mastoidectomy is a useful approach that provides access to both extracranial and intracranial tumor. It also permits division of branches of the ascending pharyngeal artery, vertebral artery, and other branches of the external carotid artery, substantially reducing tumor blood supply and making removal easier. This approach requires cooperation between a neurosurgeon and an otolaryngologist.
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Operative Technique

Position the patient on the side with the tumor uppermost and the head slightly elevated. Before positioning, insert a central venous catheter with its tip in the right atrium so that air can be aspirated if air embolism occurs. Make a question-mark incision starting above the ear, curving posteriorly and downward through the midpoint between the midline and mastoid process, then continuing into the neck anterior to the anterior border of the sternocleidomastoid muscle. This permits exposure, ligation, and division of the external carotid and ascending pharyngeal arteries. Detach the temporalis and sternocleidomastoid muscles from the temporal bone, mastoid process, arch of the atlas, and occipital bone to expose the vertebral artery and its tumor-feeding branches. Ligate and divide these branches. Next, perform a suboccipital craniectomy to expose the transverse sinus, extending above it so that the upper margin reaches the level of the posterior portion of the middle cranial fossa floor. Extend the inferior margin of the suboccipital craniectomy almost to the foramen magnum, or anterior to the arch of the atlas and vertebral artery. Laterally, extend to the mastoid process. Removing bone inferiorly along the sigmoid and superior petrosal sinuses exposes more of the dura of the temporal and posterior fossae. Removing the petrous bone around the jugular foramen reveals the vascular tumor. At this stage, if the tumor extends into the middle ear, an ENT surgeon should assist. The following case illustrates the operative method and complications.

Case example: A 47-year-old woman presented with a 5-year history of a blocked sensation and loss of hearing in the left ear, together with dizziness. A tumor had been found in the left ear and surgery recommended, but she declined. She subsequently developed progressively worsening unsteadiness and facial asymmetry, hoarseness, and occasional choking on food. On this examination, the vascular tumor in the left ear had enlarged. She had left lower motor neuron facial palsy (Figure 7.155), left deafness, a reduced left gag reflex, and ataxia toward the left. Skull radiographs showed destruction of the jugular foramen and petrous bone (Figure 7.156). Selective external carotid angiography showed a large vascular tumor, mostly extracranial, with a smaller component in the posterior fossa. The medial two-thirds of the tumor were supplied by the ascending pharyngeal artery; the remaining supply came from the posterior auricular and internal maxillary arteries (Figure 7.157 A, B). After embolization of the ascending pharyngeal and internal maxillary arteries, the tumor vascularity disappeared. Suboccipital craniectomy, mastoidectomy, and labyrinthectomy were then performed, the latter procedures by the ENT surgeon. The craniectomy must expose the point where the superior petrosal sinus drains into the lateral sinus as it becomes the sigmoid sinus. This is important when ligating the lateral sinus: ligation and division must be below the superior petrosal sinus, toward the sigmoid sinus. The lateral sinus and superior petrosal sinus should not be ligated and divided. After extending the craniectomy inferiorly to expose the tumor at the jugular bulb, a high-speed drill is used to remove mastoid and petrous bone inferiorly along the sigmoid sinus and tumor margin. During mastoidectomy, care must be taken to protect the facial nerve as it runs posteriorly and inferiorly to emerge from the stylomastoid foramen. In this case, radical mastoidectomy extending to the labyrinth exposed a large tumor destroying the petrous bone and jugular foramen. Feeding vessels were coagulated and divided. The dura of the posterior and middle fossae was then opened to ligate and divide the lateral sinus below the superior petrosal sinus, improving access to the inferior part of the tumor. The posterior fossa dura should be opened widely enough to provide a good view of the tumor within the posterior fossa. In this patient, the tumor had penetrated the dura at the internal acoustic meatus and jugular foramen. The extradural component was removed first to interrupt its blood supply, followed by the intradural component. There was very little bleeding, demonstrating the benefit of preoperative embolization. Tumor adjacent to the internal carotid artery had to be removed rapidly using suction and bipolar coagulation to expose the artery, after which its small tumor-feeding branches could be coagulated. Tumor at the jugular foramen had to be carefully separated from cranial nerves IX, X, and XI, situated anteromedially in the foramen. In this patient, cranial nerves VII and VIII had already lost all function and therefore required less caution. The inferior tumor extension was followed to the internal jugular vein, which was ligated and divided. The tumor and vein could then be removed. The dura was sutured closed, but a defect remained where dura had been lost through tumor involvement and dissection. A piece of muscle was used to cover this gap.

[image: Figure 7.155 A patient with a glomus jugulare tumor presenting with facial palsy, left deafness, hoarseness, and choking on swallowing.]Figure 7.155 A patient with a glomus jugulare tumor presenting with facial palsy, left deafness, hoarseness, and choking on swallowing.
[image: Figure 7.156 Skull radiograph showing destruction of the jugular foramen and petrous bone.]Figure 7.156 Skull radiograph showing destruction of the jugular foramen and petrous bone.
[image: Figure 7.157 External carotid angiogram showing a highly vascular tumor. Histological examination confirmed a glomus jugulare tumor. A. Appearance before embolization.]Figure 7.157 External carotid angiogram showing a highly vascular tumor. Histological examination confirmed a glomus jugulare tumor. A. Appearance before embolization.
[image: Figure 7.157 B. Appearance after embolization.]Figure 7.157 B. Appearance after embolization.
The major complication in this patient was CSF leakage, requiring reoperation and repair of the dura with fascia using a continuous suture. The leakage resolved. The patient has remained free of recurrent symptoms for 10 years.
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