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Case 3: Cystic astrocytoma in the motor area of the dominant hemisphere

A 43-year-old man employed by the electricity authority had seizures involving the right arm and right side of the face, with inability to speak during the seizures. He subsequently developed headache, difficulty speaking, and weakness of the right arm and leg. Examination showed motor dysphasia and mild weakness of the facial muscles and right arm; the arm was weaker than the leg. C.T. demonstrated a cystic tumor in the left frontal lobe adjacent to the motor and speech areas.

A craniotomy was performed. After the dura was opened, the premotor and motor gyri appeared pale and broadened, and felt cystic on palpation. A cannula inserted only 1 cm through the cortex entered the cyst and yielded straw-colored fluid. The brain subsided as the fluid was aspirated. A cortical opening approximately 2 cm long exposed a tumor spreading along the cyst wall and infiltrating toward the motor area and Broca's speech area. It was therefore decided to perform only a biopsy and marsupialization to provide an opening for drainage. Histological examination showed a grade 2 astrocytoma.

The tumor was not dissected out because removing a lesion of this kind often immediately worsens speech impairment and hemiparesis through additional surgical damage to the brain, while still failing to remove the entire tumor. The patient should therefore be given a period of life without disability together with radiotherapy. This patient completed a course of irradiation. Immediately after surgery he could speak fluently and had good strength in the right arm, indicating that the preoperative speech difficulty and limb weakness had resulted from compression by the enlarging cyst. He returned to a normal working life for 1 1/2 years before the same symptoms recurred. Repeat C.T. showed a recurrent cyst and a slight increase in tumor size. A second  craniotomy revealed adhesions at the opening that had obstructed drainage from the cyst. The cyst fluid was removed as before, and a wider marsupialization was performed. The tissue removed on this occasion was a grade 3 astrocytoma. This operation relieved headache and vomiting only temporarily. The hemiparesis subsequently progressed, and the patient died 6 months later.
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Results of treatment of astrocytoma

In general, patients with astrocytoma survive an average of approximately 3–5 years after surgery. The prognosis is much better than for glioblastoma multiforme, in which average survival is approximately 5–12 months. Among the cases described, cystic astrocytomas with a mural nodule have the best prognosis, with a long period free of tumor recurrence. Astrocytomas commonly recur after surgery, especially when they are near or within clinically important areas of the brain, a major obstacle to extensive excision. After the first operation, clinical and radiological examinations must be repeated periodically. Renewed tumor growth indicates failure of the first operation, and repeat surgery is necessary to determine the tumor histology and reduce the mass effect and intracranial pressure. In general, indications for reoperation for recurrent gliomas include a young patient in good health, no loss of brain function, and a tumor location accessible to surgery without causing functional loss. A further indication is a long interval between the first operation and the return of tumor symptoms. From experience with recurrent gliomas, the results of a second operation are often poor, as the period of improvement is usually shorter than after the first. Astrocytoma is frequently found to have changed into malignant astrocytoma. Nevertheless, surgery combined with radiotherapy has been found to prolong survival compared with surgery alone. In grade 1 and 2 astrocytomas treated by incomplete excision, the 5-year survival rate is 19%; adding postoperative irradiation increases 5-year survival to 45%.(40) Efforts at radical excision nevertheless prolong survival more than  partial excision or biopsy alone. The use of an operating microscope, CO2 laser, and ultrasonic aspirator to assist tumor removal has now increased surgical success and reduced neurological morbidity and mortality.(39)
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GLIOBLASTOMA MULTIFORME

This is the most highly malignant tumor of neuroglial cells, corresponding to astrocytoma grades 3 and 4 in Kernohan's classification. It grows rapidly and infiltrates and destroys brain tissue, producing symptoms and signs within 1–2 months. In addition to rapid tumor growth, there is extensive surrounding cerebral edema. Together these two factors cause signs of raised intracranial pressure in almost every patient.

This tumor usually occurs in a cerebral hemisphere and is uncommon in the posterior fossa. The frontal lobe is the most frequent site and the occipital lobe the least frequent. In some cases it spreads through the corpus callosum to the opposite hemisphere, producing the so-called butterfly appearance (Figure 3.30).

Most of these tumors are poorly demarcated, although portions of the mass may be clearly defined in some cases. At surgery the tumor is usually gray-pink or gray-red because of its rich blood supply, an important cause of operative blood loss. Newly formed tumor vessels are abnormal, with endothelial proliferation (Figure 3.39) and shunting, as demonstrated on angiograms and during surgery by arterial blood in cortical veins draining the tumor. These new vessels are fragile and bleed easily, and hemostasis during surgery is often difficult. Rapid tumor growth can cause central necrosis and hemorrhage because the blood supply is inadequate. Endothelial proliferation causes vascular occlusion and necrosis, which can lead to hemorrhage. At surgery or in the specimen, patches of necrosis and hemorrhage can be seen (Figures 3.31 and 3.33).

The surrounding cerebral edema may give the impression that the tumor can be separated from the edematous brain. In reality, the swollen tissue adjacent to the tumor is usually infiltrated by tumor cells that can subsequently proliferate. When a glioblastoma reaches the cortical surface, gray-pink tissue can be seen spreading along the cortex. Dissemination into the subarachnoid space may be visible. In some cases the tumor reaches and adheres to the dura, with increased vascularity in this region and possible bleeding when the dura is opened. The author, however, has never found tumor cells within the dura itself.

Original pages 642
Symptoms and signs

Patients develop focal symptoms and signs according to the tumor location, together with general symptoms of raised intracranial pressure, as in astrocytoma and other tumors discussed in Chapter 5. The important distinction is that symptoms and signs develop more rapidly than in astrocytoma. Within approximately 1–2 months, patients become severely symptomatic even if the tumor is not particularly large, because extensive edema spreads into the surrounding brain. Headache due to raised intracranial pressure is therefore commonly the presenting symptom. Seizures and hemiplegia depend on the location of the tumor. Extension into the corpus callosum causes relatively rapid development of dementia, followed by progressively deteriorating consciousness. In a small minority of cases, symptoms begin suddenly, usually because of intratumoral hemorrhage, necessitating urgent surgery.
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Diagnosis

A history of symptoms and signs developing and deteriorating relatively rapidly first suggests malignancy, such as glioblastoma. Radiological investigation helps establish the correct diagnosis, especially C.T. or MRI combined with angiography.

1. Skull radiographs. Changes due to raised intracranial pressure, such as demineralization of the dorsum sellae, are uncommon because glioblastoma grows rapidly and causes symptoms within a  short time, before skull changes develop. Most skull radiographs are therefore normal. If the pineal gland is calcified, it may be seen displaced to the opposite side. As these changes are not specific to brain tumors, this method has now been abandoned in favor of C.T. and MRI, which give more reliable results.

2. Computerized tomography (C.T.). This investigation provides a definite diagnosis. On C.T., glioblastoma appears as a high-density lesion that enhances well with contrast medium. The center may contain low-density areas of necrosis. Another important finding is low-density cerebral edema surrounding the mass, extending over a wide area even when the glioblastoma itself is not large. This is an important cause of relatively rapid deterioration, reflected by the mass effect on C.T. (Figure 6.93).

3. Magnetic resonance imaging (MRI). This is the newest investigative method and demonstrates tumors very clearly, particularly neuroepithelial tumors. MRI has high sensitivity and specificity, is free from bone-related artifacts, distinguishes the brain's white and gray matter, and clearly delineates tumor margins. Most of these tumors, together with the edematous brain, show high intensity on T2-weighted images (Figure 6.120).

4. Cerebral angiography. Before C.T. became available, angiography was the best investigation for identifying glioblastoma multiforme. The important features are (Figure 6.82): i) tumor vessels of varying caliber with a beaded appearance, caused by newly formed vessels and endothelial cell proliferation; ii) staining beginning in the arterial phase and disappearing before the venous phase, with an uneven pattern because parts of the tumor are necrotic; and iii) early venous drainage.

The abnormal vessels in glioblastoma multiforme sometimes need to be distinguished from those of an arteriovenous malformation (AVM) or meningioma. The distinction is not difficult, because an AVM produces no mass effect or vascular  displacement unless it has ruptured and formed a hematoma. Glioblastoma, in contrast, produces mass effect and displaces cerebral vessels. Venous drainage in an AVM appears early in the arterial phase and disappears earlier than in glioblastoma, because the shunts are larger and there is no raised intracranial pressure. Glioblastoma is a mass that raises intracranial pressure and slows blood flow; early venous drainage begins in the late arterial or early capillary phase. In the author's observations, most AVMs consistently have several large draining veins, whereas glioblastomas usually have only one large vein, or at most two, one large and one small. To distinguish a meningioma, examine its feeding vessels and tumor staining. Meningiomas receive blood from both the external and internal carotid systems and show homogeneous staining that persists into the venous phase. Early venous drainage is uncommon except in angiomatous meningiomas. Glioblastoma receives blood only from the internal carotid artery, lacks homogeneous staining, and loses its staining earlier than meningioma. The clinical course is also important in differentiation: meningioma progresses slowly, whereas glioblastoma causes rapid deterioration.
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Treatment

Glioblastoma multiforme is accepted as an incurable tumor that causes death in every case within a short period. In general, survival is approximately 5–8 months after diagnosis. This is because the tumor grows rapidly and provokes a reaction in the surrounding brain, with extensive cerebral edema. These changes lead to brain herniation and progressive deterioration. If a patient survives more than a year and a half or two years, this tumor is unlikely, and the histology should be reviewed. Nevertheless, treatment should be attempted to prolong life and reduce suffering.

Steroid therapy. From experience using steroids or dexamethasone  at 20 mg/day in patients with glioblastoma and metastatic brain tumors, improvement begins on the second day of treatment and is most marked around days 3–4. Headache, drowsiness, and limb weakness diminish. The precise mechanism is unknown, but steroids are generally believed to reduce cerebral edema and intracranial pressure.(41) Steroids should therefore be given before and after surgery in every case to help lower intracranial pressure during surgery and facilitate access to the tumor.

Treatment of glioblastoma consists of removing as much tumor as possible without increasing disability, followed by irradiation. Chemotherapy remains under investigation.
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Surgical treatment of glioblastoma multiforme

The surgical principles are the same as those for astrocytoma: remove as much tumor as possible without increasing disability, and achieve internal decompression to lower intracranial pressure and provide a period of symptomatic improvement. During this interval the patient can receive irradiation without severe neurological symptoms. For tumors in the frontal, temporal, or occipital lobe of the nondominant hemisphere, normal brain may be removed together with the tumor, or a lobectomy may be performed, to increase decompression. For tumors in the parietal lobe or in areas of the dominant hemisphere concerned with speech, limb movement, or other important functions, removal should be confined to the tumor. Brain tissue should not be excised, to avoid disability. If tumor extending into an important brain region is necrotic, cautious aspiration may be attempted. If it is infiltrative and the brain retains its structure, however, it should be left untouched.

At some institutions, when C.T. or angiography suggests glioblastoma multiforme, only a biopsy is performed to establish the diagnosis, followed directly by irradiation. The rationale is that tumor excision and biopsy alone, each combined with irradiation, do not differ in survival.

External decompression by craniotomy with removal of the bone flap is strongly discouraged. Although it can immediately improve neurological symptoms, the benefit is brief. As the tumor enlarges and expands outward, further problems arise. The scalp over the surgical site becomes tense and bulges outward (Figure 7.26), distressing the patient, and the wound may sometimes break down.

[image: Figure 7.26 Outward bulging of the brain and wound dehiscence after external decompression in a patient with glioblastoma.]Figure 7.26 Outward bulging of the brain and wound dehiscence after external decompression in a patient with glioblastoma.
The following cases illustrate tumor removal techniques.
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Case 1: Frontal pole glioblastoma multiforme

A 45-year-old soldier had developed headache 4 months before admission, followed by blurred vision and vomiting. Two months later he became inactive and poorly responsive to his surroundings, neglected personal hygiene, and no longer dressed as neatly as he previously had in uniform. His memory became confused and his intellectual ability declined markedly. One week before admission he became slightly unsteady on standing and walking. On admission he was slow, seldom answered questions, and showed impaired intellectual function. Fundoscopy revealed papilledema, and a grasp reflex was present in the left hand. A frontal lobe tumor was diagnosed. Right carotid angiography demonstrated a large, anteriorly situated frontal  lobe tumor, richly supplied by the anterior cerebral artery and to a lesser extent by the middle cerebral artery (Figure 7.27). The AP view showed considerable midline displacement of the anterior cerebral artery, with early venous drainage in the late arterial phase. These angiographic features, together with the relatively rapid clinical deterioration, suggested malignancy, particularly glioblastoma multiforme.

[image: Figure 7.27 Carotid angiogram showing an anterior frontal lobe glioblastoma with a rich supply from the anterior cerebral artery.]Figure 7.27 Carotid angiogram showing an anterior frontal lobe glioblastoma with a rich supply from the anterior cerebral artery.
Operative technique. For such a highly vascular tumor in the frontal pole, planned removal by frontal lobectomy is safer than cutting directly into the tumor, which would certainly cause substantial blood loss. The feeding vessels should therefore be divided before the tumor is removed. The frontal craniotomy must be large enough, with its anterior edge next to the orbital ridge, its posterior edge approximately 1 cm behind the coronal suture, its medial edge approximately 1–1.5 cm from the midline, and its inferior edge extending down to the pterion. Intracranial pressure must always be lowered before opening the dura, using hyperventilation or mannitol. After dural opening, frontal lobe resection begins at the superior frontal  gyrus, with the line of section behind the tumor margin but anterior to the genu of the corpus callosum and the anterior cerebral artery coursing around the genu and over the corpus callosum. Beware of displacement of the anterior cerebral artery by midline shift, which can cause disorientation or misidentification. Brain section should proceed both deeply and inferiorly through the middle and inferior frontal gyri together, creating a broad exposure rather than working in a narrow channel. As the brain is aspirated, branches of the anterior cerebral artery supplying the tumor will be seen medially in the frontal lobe; these are coagulated or clipped and divided. Cortical veins on the surface draining into the superior sagittal sinus are initially preserved and divided last, when the tumor is to be removed. During section through the inferior and middle frontal gyri, tumor-feeding branches of the middle cerebral artery are likewise encountered, coagulated or clipped, and divided. In this way the section gradually deepens toward the base of the frontal lobe, allowing the frontal lobe and tumor to be removed together. If the olfactory nerve has already been destroyed, it may be divided while leaving the olfactory bulb in place to prevent CSF rhinorrhea. The dura, skull, and scalp are then closed in layers.
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Case 2: Glioblastoma multiforme in the motor area

A 40-year-old woman had a 3-month history of headache. Two months before admission she developed right-sided limb weakness, greater in the arm than the leg, but could still walk. Two weeks before admission she had one generalized convulsion, beginning in the face, spreading to the limbs, and then involving the whole body. Thereafter, the right-sided weakness became so severe that she could no longer walk unaided and needed support. She also developed diplopia. On the day of admission she vomited and became drowsy. Examination showed drowsiness; she could still answer questions but was reluctant to do so, and appeared to have a continuous headache. Fundoscopy showed papilledema. There was a left sixth nerve palsy, definite right upper motor neuron facial weakness, and right hemiplegia affecting the arm more than the leg. Pinprick sensation was normal, with bilateral positive Babinski signs. Left-sided angiography demonstrated a frontoparietal tumor.

Operative technique. The angiographic appearance together with complete hemiplegia indicated that the motor cortex and fibers had already been destroyed. Removing the tumor was therefore unlikely to cause much additional loss of limb motor function. The tumor was also distant from Broca's and Wernicke's centers. Direct removal of the tumor alone was undertaken to provide a period of improvement during which irradiation could be given.

After dural opening, the tumor was visible on the brain surface in the face and arm regions of the motor cortex. It was gray-pink, and had destroyed the cortex. The cortical vein draining the tumor was enlarged and contained arterialized blood (Figure 7.28 A). Palpation showed the inferior part of the tumor to be cystic. Puncture with a cannula yielded pale, blood-stained fluid, resembling water used to wash meat (Figure 7.28 B). Aspiration allowed the brain to subside slightly. Tumor removal began at the margin facing the Sylvian fissure, followed by dissection along the anterior and posterior borders toward the superior part, initially preserving the large cortical draining vein. Dividing this vein too early could cause hemorrhage and brain swelling. Deeper dissection exposed branches of the middle cerebral artery entering the tumor from below; these were coagulated or clipped and divided, interrupting its blood supply and reducing bleeding during subsequent dissection. The cystic component made it easier to identify tumor margins without much brain retraction. Once enough feeding vessels had been divided, as indicated by the cortical vein becoming less red or turning dark, the tumor was aspirated and excised from within toward its periphery. This reduced the chance of injuring surrounding normal brain. Eventually all visible tumor was removed. The brain relaxed well, indicating relief of pressure (Figure 7.28 C). The ultrasonic aspirator now greatly facilitates tumor aspiration.

Postoperatively the patient recovered well, without symptoms of raised intracranial pressure. Right leg strength gradually improved and she could walk, although right arm and facial weakness remained unchanged. Speech was unaffected, and she completed irradiation.

[image: Figure 7.28 A. Operative view of glioblastoma multiforme in the motor cortex. Note the large cortical draining vein containing arterialized blood. B. Aspiration of blood-stained fluid from the tumor allows the brain to subside. C. Operative view after tumor removal. Note the well-relaxed brain and dark cortical vein.]Figure 7.28 A. Operative view of glioblastoma multiforme in the motor cortex. Note the large cortical draining vein containing arterialized blood.
B. Aspiration of blood-stained fluid from the tumor allows the brain to subside.
C. Operative view after tumor removal. Note the well-relaxed brain and dark cortical vein.
Surgery thus improved neurological function without increasing deficits and allowed a period of comfortable life. Correct surgical technique enabled effective tumor removal with little blood loss. Histology confirmed glioblastoma multiforme. Eight months after surgery the tumor recurred, and the patient eventually died.
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Case 3: Glioblastoma multiforme of the parieto-occipital lobe

A 35-year-old patient had begun to experience mild headaches approximately 5 months before admission, relieved by analgesics. Two months later the headaches gradually increased and were sometimes accompanied by vomiting. Vision became blurred, and the patient occasionally walked into furniture on the left, without arm or leg weakness. Neurological examination revealed bilateral papilledema with retinal hemorrhages, left inferior homonymous quadrantanopia, left astereognosia, and a left Babinski sign and ankle clonus. A right parietal lobe tumor was diagnosed. Right carotid angiography showed a large parieto-occipital tumor with extensive abnormal intratumoral vessels supplied by terminal branches of the middle cerebral artery (Figure 7.29 A, B). Parts of the tumor were avascular, indicating necrosis or hemorrhage. Later films showed early venous drainage. This angiographic appearance strongly suggested either glioblastoma multiforme or a metastatic brain tumor.

Tumor removal. Two large vessels from the middle cerebral artery supplied the tumor in this case; any contribution from the posterior cerebral artery was not visible. The first principle of removal was to interrupt the tumor's blood supply. The cortex was first incised along the anterior tumor margin to approach the terminal middle cerebral artery branches. Once identified, they were coagulated and divided from the tumor. The tumor was then reduced by aspiration and excision from within toward its margins, beginning in the necrotic or avascular area identified on the angiogram. If aspiration and excision reached a vascular region without bleeding, this indicated that  the blood supply had been completely interrupted. Removal was continued in this way to the normal brain. If the tumor was difficult to aspirate, it could instead be dissected along its external boundary with normal brain. At this stage, the reduced mass could readily be retracted to expose the operative space. Dissection was continued posteriorly and medially around the entire lesion, allowing complete removal. The deep portion might lie against the occipital horn, which should not be opened. If an opening occurred, it was plugged with Gelfoam and carefully sealed.

[image: Figure 7.29 A. Right carotid angiogram showing a parieto-occipital tumor richly supplied by the middle cerebral artery. This tumor was a glioblastoma multiforme. B. Operative view of the parieto-occipital tumor.]Figure 7.29 A. Right carotid angiogram showing a parieto-occipital tumor richly supplied by the middle cerebral artery. This tumor was a glioblastoma multiforme.
B. Operative view of the parieto-occipital tumor.
Postoperatively, homonymous quadrantanopia persisted, but symptoms of raised intracranial pressure disappeared. Histology showed glioblastoma multiforme. The key to successful surgery in this case was complete interruption of the blood supply before removing the tumor from its center toward its periphery.
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Case 4: Parietotemporal glioblastoma multiforme in the dominant hemisphere

A 52-year-old patient presented with progressively increasing headache for 6 months. Ten days before admission the headache became severe, with vomiting and inability to understand speech and reading. On admission the patient was drowsy and slept continuously. Examination showed mild sensory dysphasia, papilledema, right homonymous hemianopia, and parietal lobe signs: astereognosis, acalculia, finger agnosia, inability to identify parts of the right side of the body, inability to read or write, and inability to draw simple figures. A left parietotemporal tumor was diagnosed.

C.T. showed a mass in the posterior parietotemporal region, extending deep from the lateral cortex toward the midline. Marked cerebral edema was visible lateral to the tumor (Figure 7.30) and was thought likely to account for the speech disturbance.

Tumor removal. Because the tumor was in the dominant hemisphere containing Wernicke's sensory speech center, care was required to avoid damaging this area with a cortical incision and causing a permanent, physician-induced deficit. In this patient, impaired speech might have been due solely to edema extending into the speech center and could be expected to improve as edema subsided after tumor removal. The cortical incision should therefore be made in the posterior parietal parasagittal region to avoid injury to the speech center.

[image: Figure 7.30 C.T. showing a parietotemporal tumor in the dominant hemisphere.]Figure 7.30 C.T. showing a parietotemporal tumor in the dominant hemisphere.
The principles of tumor removal were as described above. In this case the blood supply had to be considered from three directions: branches of the anterior, middle, and posterior cerebral arteries. These feeding vessels were to be interrupted before aspirating and excising the tumor. Complete removal was not possible because of its depth and proximity to the cerebral midline; attempts to remove it all might have endangered the patient, so the deep portion was left. Nevertheless, the tumor was greatly reduced and the brain relaxed. Postoperatively the patient recovered well, and speech and the various parietal lobe signs returned almost to normal. This showed that some symptoms had arisen from compression by the mass and edema; after mass removal and resolution of edema, brain function could return. This example also illustrates an approach to tumor removal that avoids damaging important brain regions.
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OLIGODENDROGLIOMA

Oligodendroglioma arises from oligodendrocytes and is a relatively benign, very slowly growing tumor found in adults approximately 30–50 years of age. It occurs most commonly in the cerebral hemispheres, particularly the frontotemporal region rather than other lobes. Growth is infiltrative, although a distinct margin may sometimes be visible, and multiple areas of cystic degeneration may occur. Calcification is frequent, occurring in 40–50% of oligodendrogliomas, and can be seen radiologically and histologically. The characteristic microscopic appearance consists of uniformly sized cells with dark-staining central nuclei, absent or scant cytoplasm, and sharply defined cell borders, giving a fried-egg appearance. The cells are tightly packed in a honeycomb pattern (Figure 3.40).
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Symptoms and signs

Because oligodendroglioma grows very slowly, symptoms usually develop gradually over a long period before correct diagnosis and treatment, generally approximately 3–5 years. When raised intracranial pressure develops, the symptomatic interval is shorter. Seizures are the most common initial symptom and may be the only symptom, so patients may receive anticonvulsant medication for a long time. Other accompanying symptoms may include headache, psychiatric symptoms, limb weakness, and unclear speech, depending on the brain region damaged by the tumor (see Chapter 5). In the past, diagnosis was often made only after loss of brain function and raised intracranial pressure had developed. The author now believes that earlier diagnosis should be possible because C.T. and MRI are excellent diagnostic aids. In an adult presenting with a first seizure, an organic lesion must always be considered. Brain tumors are a common such lesion, so C.T. or MRI should be obtained directly, as these are safe and painless. Some oligodendrogliomas can nevertheless cause rapid deterioration if the tumor extends  toward a ventricle and causes hydrocephalus, or if intratumoral hemorrhage occurs.
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Diagnosis

Several radiological investigations can suggest oligodendroglioma.

1. Skull radiographs. The important finding on plain skull films is calcification in small fragments of varying sizes scattered throughout the tumor. It occurs in approximately 50% of oligodendrogliomas(42) (Figure 7.31 D).

2. C.T. Oligodendroglioma generally has two components. One is hypodense or isodense and may or may not enhance after contrast injection. The other consists of calcification, appearing as scattered bone-density hyperdensities, especially near the tumor margins. There is usually no visible surrounding cerebral edema, or very little (Figure 7.32).

3. MRI. The tumor may appear hypointense on T1-weighted images and hyperintense on T2-weighted images, but MRI does not show calcification as C.T. does.

4. Cerebral angiography shows an avascular mass.
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Treatment

The principles of treating oligodendroglioma are the same as for other gliomas: craniotomy and complete tumor removal without damaging important brain functions. Some tumors form a clearly demarcated mass that can be completely removed as judged by the naked eye, particularly when located at a lobar pole. Others lack a distinct mass and infiltrate the insula, basal ganglia, motor or speech areas, or a ventricle. In these cases only as much partial removal as is feasible should be attempted. Complete excision should not be pursued at the cost of function in important brain regions. This consideration is always essential because oligodendroglioma grows very slowly and the patient may live for many years; disability should therefore not be inflicted.

Indications for surgery. Because oligodendroglioma grows very slowly, a frequent question is whether a patient whose only symptom is seizures well controlled by anticonvulsants, with no other neurological symptoms or raised intracranial pressure, should undergo immediate surgery or wait until neurological deficits or raised pressure develop. There are two schools of thought: operate immediately, or wait. Surgeons favoring delay believe that several years may elapse before this slow-growing tumor causes functional deterioration, and fear that surgery might immediately cause limb weakness or other disability. The author favors immediate surgery, without waiting for further loss of function. Operating while the tumor is small and has not yet damaged important structures is easier and less dangerous than operating on a large tumor that has already caused neurological deficits. Furthermore, radiological diagnosis can be mistaken. Tissue should therefore be removed and examined to establish the exact diagnosis and guide subsequent treatment. C.T. and MRI now assist diagnosis and clearly show the tumor's location and extent, allowing surgeons to operate more confidently while avoiding important brain structures.

Radiotherapy. Because oligodendroglioma is a benign tumor, postoperative irradiation has been considered ineffective.(43,44) Some institutions nevertheless administer it and report a higher proportion of patients surviving beyond 5 years. Sheline G.F. et al.(45) studied postoperative irradiation and found an increase in 5-year survival from 31% to 85%, in 10-year survival from 25% to 55%, and in median survival from 2.8 to 8 years. Chin, H.W. et al. reported 24 patients treated with surgery and irradiation, with a 5-year survival rate of 100%.(43)
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Results of treatment

Gross total removal leads to longer survival than partial excision. Most patients survive more than 5 years.  The prognosis is particularly good for a clearly defined mass that can be completely removed. In Case 1, follow-up has continued for 8 years without recurrent symptoms.
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Case 1: A discrete frontal lobe oligodendroglioma

A 40-year-old patient presented with generalized seizures and a change in personality. Previously active and talkative, the patient had become slow at work and less communicative. More recently there were headaches, impaired memory, and occasional confusion. The patient appeared indifferent and reluctant to answer questions, spoke slowly, had impaired recent memory, right-sided anosmia, bilateral papilledema, and frontal lobe signs. Skull radiographs showed calcification in the right frontal lobe. Carotid angiography demonstrated a mass at the base of the right frontal lobe (Figure 7.31 A, B).

Operative removal. A transcoronal incision and right frontal craniotomy are performed. The anterior edge of the craniotomy is placed close to the orbital ridge to expose the frontal pole readily; the posterior edge lies just behind the coronal suture, the superior edge 1.5 cm from the midline, and the inferior edge as low as possible to facilitate exposure of the frontal base. Because intracranial pressure is raised, hyperventilation and mannitol are used to lower it before dural opening. A lateral approach gives easier access to this tumor than a frontal pole approach or a cortical incision through the middle frontal convolution. From the side, the posterior and inferior portions of the tumor can be lifted away from the internal carotid and anterior cerebral arteries. As this is the nondominant hemisphere, part of the inferior frontal convolution can be excised to expose the tumor without excessive retraction (Figure 7.31 C). Once the tumor is reached, dissection follows its posterior and inferior margins toward the midline. Some tumor in this region is removed to open a corridor to the anterior cerebral artery and its anteriorly directed tumor-feeding branches. These branches are coagulated and divided. The entire tumor can then be dissected out easily and without blood loss.

[image: Figure 7.31 Right frontal lobe oligodendroglioma. A. Lateral carotid angiogram showing a large tumor at the frontal base. Note the calcification. B. Anteroposterior carotid angiogram. C. Resection of the inferior frontal convolution to approach the tumor (applicable only in the nondominant hemisphere). D. Radiograph of the surgically removed tumor, showing numerous scattered calcifications.][image: Figure 7.31 Right frontal lobe oligodendroglioma. A. Lateral carotid angiogram showing a large tumor at the frontal base. Note the calcification. B. Anteroposterior carotid angiogram. C. Resection of the inferior frontal convolution to approach the tumor (applicable only in the nondominant hemisphere). D. Radiograph of the surgically removed tumor, showing numerous scattered calcifications.]
AI-enhanced and colorized image · Switch to view the originalFigure 7.31 Right frontal lobe oligodendroglioma.
A. Lateral carotid angiogram showing a large tumor at the frontal base. Note the calcification.
B. Anteroposterior carotid angiogram.
C. Resection of the inferior frontal convolution to approach the tumor (applicable only in the nondominant hemisphere).
D. Radiograph of the surgically removed tumor, showing numerous scattered calcifications.
In this case the tumor was removed as a whole. Radiography of the specimen clearly showed the intratumoral calcifications commonly seen in oligodendroglioma (Figure 7.31 D). Histology confirmed oligodendroglioma. Nowadays, gradual aspiration from the center toward the margins with an ultrasonic aspirator greatly facilitates removal.
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Case 2: Infiltrative oligodendroglioma

A 36-year-old male bank employee had a 1-year history of generalized seizures and progressively slower work performance. Neurological examination revealed no other abnormalities.

C.T. showed a hypodense frontotemporal lesion infiltrating toward the basal ganglia. Calcified portions appeared hyperdense (Figure 7.32).

[image: Figure 7.32 C.T. of a low-grade glioma with calcification. Histology showed oligodendroglioma.]Figure 7.32 C.T. of a low-grade glioma with calcification. Histology showed oligodendroglioma.
Surgery. Complete removal in such a case would be impossible without damaging the basal ganglia. The aim should be partial resection of tumor in the temporal and frontal lobes while leaving the part near the basal ganglia. A frontotemporal craniotomy is performed, followed by cortical incisions in the anterior superior temporal gyrus and inferior frontal convolution at the  sites of visible cortical abnormality. Suction and coagulation are used to remove tumor progressively inward as extensively as feasible, without damaging the insula, middle cerebral artery, or Sylvian fissure with its veins and arteries. Resection must stop at the basal ganglia. This reduces tumor size and intracranial pressure and establishes the tumor type.

After surgery, no additional neurological deficit was present. Histology showed oligodendroglioma, and irradiation was not given. The patient returned to his previous bank work. Three years later symptoms recurred: slow speech, inactivity, loss of sexual desire, and mild headache, but still no limb weakness. Repeat C.T. showed expansion of the hypodense region, and further tumor removal was undertaken. As after the first operation, he initially recovered well without limb weakness. Twenty-four hours later, however, he developed left-sided limb weakness and drowsiness. Repeat C.T. showed hemorrhage extending into the basal ganglia. It was decided not to reopen and evacuate the hematoma, because surgery might further damage the basal ganglia; the hemorrhage had already destroyed part of the basal ganglia and tumor. Medical treatment would be continued provided consciousness did not progressively deteriorate. Fortunately, the patient recovered with medical treatment, although left hemiparesis persisted.

This case shows that infiltration into important brain structures such as the basal ganglia limits complete tumor removal. Residual tumor can regrow sooner than a discrete mass such as that in Case 1. Postoperative hemorrhage also occurs more readily, a risk that should always be remembered.

Original pages 661–662
OPTIC GLIOMAS

These gliomas arise in the anterior visual pathway: the optic nerve, chiasm, and optic tract. Most are benign, very slowly growing astrocytomas composed of elongated, hair-like  astrocytic cells, hence the name pilocytic astrocytoma.(46,47) The author has never personally encountered malignant optic gliomas, although they have been reported in both children and adults.(48,49)

Reports indicate that 75% of optic gliomas occur in children under 12 years and are more frequent in patients with von Recklinghausen's disease, or neurofibromatosis. Some occur in patients with café-au-lait spots. Thus, when optic glioma is suspected, cutaneous abnormalities support the diagnosis. Conversely, deteriorating vision in a patient with von Recklinghausen's disease requires thorough investigation for an optic pathway glioma.

The tumor may arise at different sites. In the optic nerve it is termed optic nerve glioma and may be unilateral or bilateral. Optic chiasmal glioma refers to a tumor arising in the chiasm. These two entities differ somewhat in symptoms and signs, treatment, and prognosis. An optic nerve tumor may extend into the chiasm; conversely, a chiasmal tumor may extend into an optic nerve, the optic tract, hypothalamus, or interpeduncular fossa.
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Symptoms and signs

The principal symptom is visual loss, the pattern depending on tumor location.

OPTIC NERVE GLIOMA. This causes progressively worsening vision in the affected eye. Visual field loss usually begins as a central or paracentral scotoma, followed by peripheral visual loss. Because most patients are children and the tumor grows slowly, a history of visual deterioration is often difficult to obtain. Fundoscopy shows a pale optic disc (optic atrophy). Optic nerve gliomas commonly arise within the orbit; later enlargement therefore produces forward protrusion of the eye (proptosis) (Figure 7.33 A). This is nonpulsatile, and ocular movement is generally preserved unless the mass becomes very large, when motility is impaired and strabismus develops. Tumor may grow through the optic foramen and form a mass on the intracranial optic nerve, giving a dumbbell configuration with enlargement of the optic foramen. Extension into the chiasm causes bilateral visual field loss without a consistent specific pattern.

[image: Figure 7.33 Optic nerve glioma in the left orbit. A. Unilateral proptosis or exophthalmos. B. C.T. showing an intraorbital optic nerve glioma.]Figure 7.33 Optic nerve glioma in the left orbit.
A. Unilateral proptosis or exophthalmos.
B. C.T. showing an intraorbital optic nerve glioma.
CHIASMAL GLIOMA. Vision deteriorates progressively in both eyes. Bilateral visual field defects have no characteristic pattern; their borders may be regular or irregular depending on tumor infiltration. A chiasmal glioma may extend into one or both optic nerves. The eye whose optic nerve  is destroyed becomes blind first. Fundoscopy shows primary optic atrophy. Nystagmus in the absence of cerebellar signs is an important indicator of chiasmal disease,(50) arising as the eyes search for objects. In some cases the tumor enlarges to compress the anterior third ventricle and hypothalamus and obstruct the foramen of Monro, causing hydrocephalus and raised intracranial pressure with papilledema. Thus, either optic atrophy or papilledema may be found in chiasmal glioma. Hypothalamic dysfunction may manifest as diabetes insipidus, diencephalic syndrome, or precocious puberty.(51,52,53)

The author has also encountered a patient with an intraorbital optic nerve glioma, chiasmal glioma, and large frontal lobe astrocytoma, without hypothalamic dysfunction. This 24-year-old woman had developed blurred vision at age 12, with bilateral visual field loss and optic atrophy. Angiography at that time showed a suprasellar mass. Frontal craniotomy revealed a large chiasmal tumor  (Figure 7.34); biopsy showed pilocytic astrocytoma. Twelve years later, the left eye was proptotic and blind, the right eye had visual field loss, and headache and personality changes had developed. C.T. demonstrated tumor in the left intraorbital optic nerve, chiasm, and frontal lobe (Figure 7.35 A, B). The frontal tumor was removed and was found to have grown from the optic chiasm. At the same operation, the intraorbital optic nerve glioma on the left side was excised from behind the globe to its junction with the chiasm. Histology showed astrocytoma in all specimens.

[image: Figure 7.34 Operative view of chiasmatic and optic nerve glioma. 1. Tumor. 2. Right optic nerve. 3. Internal carotid artery.]Figure 7.34 Operative view of chiasmatic and optic nerve glioma.
1. Tumor.
2. Right optic nerve.
3. Internal carotid artery.
[image: Figure 7.35 Optic nerve glioma associated with frontal lobe glioma. A. Left proptosis. B. C.T. showing tumor in the left orbit and left frontal lobe.]Figure 7.35 Optic nerve glioma associated with frontal lobe glioma.
A. Left proptosis.
B. C.T. showing tumor in the left orbit and left frontal lobe.
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Investigations

Before C.T. and MRI became available, skull radiography was an important investigation for diagnosing optic nerve glioma.

Skull radiographs. In optic nerve glioma, lateral skull films often show a change in the sella turcica  termed a J-shaped or pear-shaped sella (Figure 6.23), caused by tumor pressure eroding the anterior clinoid process and tuberculum sellae. This change, however, is not specific to optic nerve glioma. The optic foramen view is also very important.(54) It shows enlargement of the foramen on the affected side (Figure 6.22). Normally the optic foramen is oval, with an average diameter of 5 mm. A round foramen wider than 6 mm, or a difference of more than 1 mm between sides, is abnormal. Both foramina may be enlarged if a chiasmal glioma extends into both optic nerves. A normal-sized foramen does not exclude optic nerve glioma, however, because some tumors do not grow through the optic canal.

C.T. and MRI. These are the best methods and have replaced the other radiological investigations. They clearly demonstrate the optic nerve and intraorbital tumor. Low-density orbital fat provides good contrast with the isodense optic nerve. They also show the location, size, shape, and extension into neighboring structures. Because optic nerve glioma is isodense, intravenous contrast does not make the tumor more clearly visible.(55) The optic canal is clearly seen on C.T. sections through it. For an intracranial tumor at the sella turcica, MRI depicts the lesion more clearly than C.T., in axial, sagittal, and coronal views. The midsagittal view best shows a chiasmal tumor.

PNEUMOENCEPHALOGRAPHY, VENTRICULOGRAPHY, CAROTID ANGIOGRAPHY. These demonstrate a suprasellar mass when it is fairly large but cannot determine its type. They are no longer used for this investigation. In some cases, however, carotid angiography may be necessary to exclude vascular disease and assist surgical planning.
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Diagnosis

Optic gliomas can be diagnosed from the clinical  signs described above: a child, usually under 12 years, with progressively deteriorating vision leading to blindness and proptosis on the affected side, sometimes accompanied by strabismus, with optic atrophy on fundoscopy. Chiasmal gliomas impair acuity and visual fields in both eyes, with no fixed pattern of field loss. Hypothalamic dysfunction, including diabetes insipidus, diencephalic syndrome, or precocious puberty, or symptoms of raised intracranial pressure such as headache and vomiting, may accompany the visual changes. If features of von Recklinghausen's disease are also present and skull radiographs show an abnormally enlarged optic foramen and a J-shaped sella, the diagnosis of optic glioma is fairly certain. C.T. and MRI best support the diagnosis and demonstrate compression of neighboring structures.
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Treatment

There are two methods of treating optic glioma: surgery and radiotherapy. The choice depends principally on the patient's vision and the tumor's location, according to the following principles.

1. When an intraorbital optic nerve glioma causes severe loss of vision or blindness in that eye together with proptosis, the best treatment is excision of the optic nerve and tumor from behind the globe to close to the optic nerve–chiasm junction. If the proximal optic nerve is free of tumor, postoperative radiation is unnecessary. Removal of only the intraorbital tumor should be avoided because it may extend into the intracranial optic nerve. The globe need not be removed, thereby preserving appearance, unless tumor is also present within it.

2. When an optic nerve tumor extends into the chiasm but both eyes retain vision, even if vision on the affected side is worse, and there is no proptosis, the involved optic nerve should not be divided. Biopsy followed by radiotherapy is preferable. For example, a 3-year-old girl presented with oscillation of both eyes when looking at objects. Examination showed searching nystagmus. Both  eyes retained vision, but detailed acuity and field testing was impossible because she did not cooperate. C.T. showed sausage-shaped enlargement of the right optic nerve (Figure 7.36A). Frontal craniotomy and orbital exploration disclosed an optic nerve tumor extending into the chiasm. Biopsy of the proximal optic nerve showed glioma. Postoperative radiotherapy gave a good result: she retained vision in both eyes without deterioration and performed well at school. C.T. 10 years after treatment showed that the optic nerve glioma had become slightly smaller rather than enlarged (Figure 7.36B), indicating that radiotherapy could arrest its growth. At follow-up 10 years after surgery, visual acuity, visual fields, and  optic nerve size remained unchanged. Menstruation was normal. Continued follow-up is necessary to determine whether the tumor will grow again. Had the involved optic nerve been excised, she would immediately have lost vision in one eye.

[image: Figure 7.36 Results of radiotherapy for optic nerve glioma. A. C.T. before radiotherapy. B. C.T. 10 years after radiotherapy.]Figure 7.36 Results of radiotherapy for optic nerve glioma.
A. C.T. before radiotherapy.
B. C.T. 10 years after radiotherapy.
3. In chiasmal glioma, tumor excision should not be attempted because it would further impair vision in both eyes and could cause blindness. Moreover, because the tumor infiltrates, there is no way to determine whether removal from the chiasm is complete. Biopsy followed by radiotherapy is appropriate.
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Surgical Techniques for Optic Gliomas

Several approaches are available:

1. Transcranial (transfrontal) approach.
1.1 Extradural orbitotomy.
1.2 Intradural approach.
1.3 Combined extradural and intradural approach.

2. Lateral orbital wall resection is an unsatisfactory approach. It requires division of the zygomatic arch to reach and resect the lateral orbital wall, and may damage the frontal branch of the facial nerve. The author therefore usually uses frontal craniotomy.

TRANSFRONTAL APPROACH. This is a good approach and the only one that exposes both the intraorbital optic nerve glioma and its intracranial extension, including the optic chiasm and the opposite optic nerve.

Technique. Position the patient supine with the face turned approximately 15° to the opposite side. Make a transcoronal incision and frontal craniotomy on the tumor side. The craniotomy resembles that used for pituitary-region tumors: its anteroinferior edge must lie close to the orbital ridge and its medial edge at the midline.

C.T. and MRI now show the location and extent of these tumors fairly clearly. Previously, pneumoencephalography and angiography gave less precise localization, making it necessary always to open the dura and inspect the intracranial optic pathway before opening the orbit. Although this remains a sound practice, it is unnecessary in some cases, in which extradural orbitotomy alone suffices. For example,  when an optic nerve glioma lies at the distal end of the nerve beside the globe and the proximal nerve is normal in appearance and size, extradural orbitotomy avoids the frontal lobe and olfactory nerve damage from retraction that often accompanies an intradural approach. Frozen section of the proximal intraorbital optic nerve also helps determine whether the dura must be opened. If no tumor is present in the nerve near the orbital apex, opening the dura is unnecessary.

For extradural orbitotomy, gently separate the dura from the orbital roof posteriorly to the anterior clinoid process, and retract the dura and frontal lobe with a spatula. Open the orbit using a small chisel on its thin roof, which is easily penetrated, then enlarge the bony opening with rongeurs. Unroof the optic canal to expose the dural sheath. The orbital fascia, which is the orbital periosteum and joins the dura at the optic foramen, will bulge through the opening. Incise it along the optic nerve and transversely, then place retraction sutures to expose the orbital structures. Use a microscope at this stage: the nerves and other structures are small in children and still harder to recognize when flattened by the tumor. From above, the frontal branch of the ophthalmic division of the trigeminal nerve can be seen on the levator palpebrae superioris and superior rectus muscles. The small trochlear nerve crosses the levator tendon from lateral to medial to supply the superior oblique. All these nerves and muscles must be identified and preserved. To approach the optic nerve, divide the tendon at the origin of the levator near the annulus of Zinn (Figure 7.37) and reflect it anterolaterally with its supplying nerves. Open the annulus of Zinn and optic canal dura by a transverse incision parallel to the superior rectus margin. Retract the superior rectus laterally with the levator and separate the fat to expose the whole optic nerve and tumor. Protect the oculomotor nerve, which lies lateral to the optic nerve and sends branches beneath it to the inferior  rectus and medial rectus muscles. The small trochlear nerve is sometimes difficult to find and may be divided during dissection. Loss of superior oblique function is not considered particularly important here because that eye is blind and the abnormal eye movement is difficult to notice.

[image: Figure 7.37 Structures within the orbit. 1. Ophthalmic nerve. 2. Optic nerve. 3. Trochlear nerve. 4. Superior oblique muscle. 5. Levator palpebrae muscle. 6. Superior rectus muscle. 7. Lateral rectus muscle. 8. Abducens nerve. 9. Ophthalmic artery. (From Sobotta Atlas of Human Anatomy, edited by H. Ferner and J. Straubesand.)]AI-enhanced and colorized image · Switch to view the originalFigure 7.37 Structures within the orbit.
1. Ophthalmic nerve. 2. Optic nerve.
3. Trochlear nerve. 4. Superior oblique muscle.
5. Levator palpebrae muscle. 6. Superior rectus muscle.
7. Lateral rectus muscle. 8. Abducens nerve.
9. Ophthalmic artery.
(From Sobotta Atlas of Human Anatomy, edited by H. Ferner and J. Straubesand.)
Divide the optic nerve near the globe first, where the other nerves are farther apart because they have already branched to their destinations. Lift and reflect it posteriorly to separate it from posterior and lateral structures. Divide its proximal end at the optic canal.

After removing the tumor and securing hemostasis with bipolar coagulation, close the orbital fascia. To prevent postoperative pulsation of the globe, the author covers the orbital roof defect with a thin acrylic sheet. It need not be sutured to the skull: projections engaging the bony margin hold it in place.

TRANSFRONTAL INTRADURAL APPROACH. Perform frontal craniotomy, open the dura, and retract the frontal lobe from the orbital roof to expose the optic nerve, chiasm, and internal carotid artery. This approach suits tumors extending intracranially or arising in the chiasm. Incise the arachnoid around the chiasm and internal carotid artery to allow greater frontal lobe retraction and better visualization of the chiasm. If only one optic nerve contains tumor and vision is already lost, divide that nerve close to the chiasm. Leave no optic nerve remnant, even if it appears normal, because tumor cells may remain. If vision persists in that eye, however, do not divide the optic nerve; perform biopsy alone followed by radiotherapy.

For a tumor arising in the chiasm, with or without extension into the optic nerve or hypothalamus, take a biopsy from the region most evidently occupied by tumor, where the nerve fibers have already been destroyed. Do not attempt complete removal. A mass projecting beyond the chiasm may be excised while avoiding further chiasmal damage, as in the example above. Attempting to remove tumor from within the chiasm only increases visual loss.

TRANSFRONTAL COMBINED APPROACH. There are two methods:

1. After transfrontal craniotomy, separate the dura from the orbital roof and perform extradural orbitotomy as described above to expose the optic nerve and tumor. If inspection of the chiasm and optic nerve is necessary, open the dura and retract the frontal lobe. The nerve can then be divided both within the orbit and at its proximal end.

2. After transfrontal craniotomy, open the dura and retract the frontal lobe to expose the  chiasm and optic nerve. Incise the dura over the orbital roof along the orbital margin and lift it from the bone. Then perform orbitotomy and unroof the optic canal to expose the entire optic nerve (Figure 7.38).

[image: Figure 7.38 Surgery for optic glioma using a combined intradural and extradural approach.]AI-enhanced and colorized image · Switch to view the originalFigure 7.38 Surgery for optic glioma using a combined intradural and extradural approach.
Radiotherapy. Optic glioma responds to radiotherapy. In the example above, 10 years after irradiation the tumor had become slightly smaller rather than enlarged. The author therefore considers radiotherapy suitable for optic nerve glioma when vision remains and proptosis is not marked, and also for chiasmal glioma.
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Treatment Results and Prognosis

Surgery gives very good results only for optic nerve glioma confined to the orbit without extension into the chiasm. Excision of the optic nerve and tumor cures the disease. Prognosis depends on whether the tumor extends into the chiasm or originates there. Surgery is ineffective in these cases; radiotherapy is the best treatment, arresting or slowing growth and sometimes shrinking the tumor. The patient's condition may remain unchanged for nearly 10 years. Nevertheless, renewed growth remains possible over long follow-up. Most patients survive for a long time because these tumors grow very slowly.
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Brain Stem Gliomas

Brain stem gliomas are the third most common tumors in children, after cerebellar astrocytoma and medulloblastoma.(56,57,58) They occur most often between 3 and 10 years of age.(59,60) Most are benign gliomas, with very few malignant gliomas. Even a benign glioma must, however, be regarded as malignant because its location prevents surgical removal. The tumor usually starts in the pons and extends into the medulla, midbrain, or both. The true incidence is difficult to establish because histology is often unknown. In many patients the symptoms, signs, and radiological investigations such as C.T. and MRI establish the diagnosis clearly; surgery to obtain tissue is therefore not performed, given the poor prognosis and risk of further functional loss.

These patients consequently receive radiotherapy without a tissue diagnosis, and the brain may not be examined after death. Furthermore, a small biopsy specimen may not establish the tumor type and malignancy reliably; taking a larger specimen risks further brain stem dysfunction. Reported incidence therefore does not accurately reflect the true frequency.

The pathological changes in the brain stem and histological features are described in Chapter 3.
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Symptoms and Signs

These tumors occur predominantly in children and do not produce raised intracranial pressure until late in the disease. Diagnosis is therefore often delayed until symptoms are advanced.

Symptoms generally develop gradually and reflect dysfunction of the following important structures: i) cranial nerves, their nuclei, and other special nuclei; ii) corticospinal and sensory tracts; iii) cerebellar peduncles; iv) the reticular activating system; and v) the ventricular system, late in the disease. Details appear in Chapter 5.

In summary, cranial nerve dysfunction accompanied by long tract signs and cerebellar dysfunction indicates a brain stem lesion. The affected cranial nerve level localizes the tumor. Several nerves may be involved unilaterally or bilaterally, depending on its extension. Because brain stem gliomas occur most often in the pons and next in the medulla, manifestations include diplopia, convergent squint, unilateral or bilateral lower motor neuron facial weakness, facial numbness, choking on swallowing, altered voice, and vomiting from compression of the medullary vomiting center. Horizontal or vertical nystagmus is commonly found. Lateral gaze palsy may also result from damage to the pontine lateral gaze center.

Abnormal walking is also common. Truncal or  gait ataxia may result from damage to the cerebellar peduncles. Spastic hemiparesis or quadriparesis with extensor plantar responses is frequently found. Advanced disease produces decerebration (Figure 7.39) and declining alertness. Most patients have no symptoms or signs of raised intracranial pressure early because the tumor does not obstruct cerebrospinal fluid pathways. Late in the disease, a large brain stem tumor may obstruct the fourth ventricle, basal cistern, and tentorial notch. Tumors originating in the midbrain or extending there from the pons may produce raised intracranial pressure from hydrocephalus relatively early by obstructing the aqueduct of Sylvius (Figure 3.24). Patients then develop headache, vomiting, papilledema, and drowsiness.

Reported mental and personality changes in children with brain stem glioma commonly include apathy, emotional unrest, declining school performance, and deterioration in writing and speech (see Case 1).
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Diagnosis

The diagnosis can be made with considerable certainty from age, history, and examination. Most patients are children in their first decade, with progressively increasing brain stem dysfunction involving several cranial nerves, corticospinal and sensory tracts, cerebellar peduncles, and the reticular activating system, as described above. Raised intracranial pressure is absent except late in the disease. Radiological investigations provide strong support for the diagnosis.
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Investigations

C.T. and MRI are currently the best methods. C.T. shows enlargement of the brain stem with obliteration of the posterior fossa cisterns. The tumor is hypodense or isodense; after contrast injection its density may remain unchanged or become hyperdense. Extension into the cerebellar  peduncle and the floor of the fourth ventricle may flatten and displace the fourth ventricle posteriorly (Figure 6.97). C.T. may also show hydrocephalus, an exophytic mass extending from the brain stem into the fourth ventricle or cerebellopontine angle, and intratumoral cysts. These findings guide the choice between partial tumor resection and shunting alone. Its limitations are poor depiction of medullary tumors and poor sagittal visualization. Before MRI, C.T. combined with metrizamide cisternography depicted exophytic and medullary tumors very well. This method has been used very little since MRI became available.

MRI excellently demonstrates the location, size, shape, and extent of brain stem tumors, both intrinsic and exophytic. Unlike C.T., it clearly shows tumors in the medulla and those extending into the upper spinal cord, making it especially useful in these locations. Axial, coronal, and sagittal views are available. These tumors show decreased signal intensity on T1-weighted images and increased signal intensity on T2-weighted images (Figure 6.121).

Previously, pneumoencephalography (PEG), ventriculography, and vertebral angiography were useful diagnostic investigations. All were invasive and hazardous, and demonstrated a mass without clearly defining its extent. PEG and ventriculography showed posterior bowing of the fourth ventricle and aqueduct of Sylvius, with greater separation from the clivus, and no hydrocephalus (Figure 6.134). On anteroposterior vertebral angiography, both posterior cerebral and superior cerebellar arteries bowed laterally. Lateral views showed the basilar artery displaced against the clivus. In some tumors growing anteriorly out of the brain stem against the clivus, however, the basilar artery could be displaced posteriorly away from the clivus. These had to be distinguished from other lesions arising near the clivus outside the brain  stem. The posterior cerebral artery was elevated.
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Treatment

Because these tumors arise within the brain stem, a vital part of the brain, complete surgical removal is impossible. Treatment usually consists of biopsy to determine tumor type, followed by radiotherapy. Brain stem tumor biopsy presents two problems: i) obtaining tissue sufficient for histological diagnosis is difficult because surgeons fear that a large biopsy will worsen brain stem function and therefore take only a small specimen. Diffuse enlargement may make selection of the biopsy site difficult. C.T. and MRI now localize the tumor precisely, facilitating biopsy and definite tissue sampling.(61) ii) Histology may differ within different parts of a tumor; a biopsy from one site may not reveal its true malignancy,(62) making prognosis less reliable.

Whether to biopsy patients whose clinical and radiological findings clearly indicate brain stem glioma remains controversial. Some give radiotherapy without biopsy, arguing that biopsy risks further brain stem damage and may not establish the precise tumor type or malignancy. The author believes that biopsy should be performed whenever possible in every patient to determine the tumor type first. However detailed C.T. or MRI may be about appearance and location, they cannot establish the type with certainty. Biopsy identifies benign or malignant tumor type, helps predict its course, and guides further treatment. This not only helps parents understand the prognosis but also improves knowledge of incidence and treatment results for each tumor type with radiotherapy or effective chemotherapy currently under investigation. Such knowledge will help improve future treatment of brain stem glioma.

C.T. and MRI distinguish tumors outside the brain stem  from intrinsic tumors fairly clearly. They greatly improve surgical planning by showing tumor characteristics and location, cerebrospinal fluid obstruction or hydrocephalus, and extension outside the brain stem or into the fourth ventricle. The indications for surgery are as follows:

1. If diagnosis remains uncertain after C.T. or MRI and histology is needed for further treatment, perform surgical exploration and biopsy.

2. If C.T. and MRI show an intratumoral cyst close to the brain stem surface, open and evacuate the cyst and obtain tissue. Precise imaging localization makes this relatively straightforward, and surgery generally causes no further brain stem damage. Although not curative, it can produce temporary improvement and prolong survival. Before C.T. and MRI, diagnosis relied on pneumoencephalography (PEG), ventriculography, and angiography, which could not identify an intratumoral cyst. Exploration was needed to look for a surface suggesting a cyst within the brain stem tumor. Finding one was fortunate because draining it improved the patient's condition. If none was evident, searching further was inadvisable because it would damage the brain stem; biopsy of an evident tumor area was sufficient. The following example illustrates the effect of draining a cyst in a brain stem glioma.
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Case 1: Brain Stem Glioma with a Cyst

A 6-year-old boy had experienced frequent near-fainting episodes for a year before admission. He subsequently bumped into objects, fell frequently, and often dropped things. His speech and school performance deteriorated. He sometimes cried, became easily angry, and behaved aggressively. Two months before admission, he developed incomplete eyelid closure and weakness of both sides, worse on the left. Increasing unsteadiness left him unable to walk or sit unaided. His speech became indistinct, with projectile vomiting and drowsiness. On examination he answered questions poorly, was irritable, and spoke slowly with a drawl. There were sixth nerve palsy, bilateral facial palsy, bilateral extensor rigidity with occasional flexion of the  left arm, increased deep tendon reflexes, and bilateral positive Babinski signs (Figure 7.39). The history and examination suggested a brain stem tumor. Vertebral angiography and ventriculography showed posterior bowing of the fourth ventricle and aqueduct of Sylvius without hydrocephalus (Figure 7.40), characteristic of a brain stem tumor. Exploratory suboccipital craniectomy was performed.

[image: Figure 7.39 Extensor rigidity in a patient with brain stem glioma.]Figure 7.39 Extensor rigidity in a patient with brain stem glioma.
[image: Figure 7.40 Ventriculogram showing a brain stem glioma displacing the fourth ventricle and aqueduct of Sylvius posteriorly without obstructing cerebrospinal fluid flow.]Figure 7.40 Ventriculogram showing a brain stem glioma displacing the fourth ventricle and aqueduct of Sylvius posteriorly without obstructing cerebrospinal fluid flow.
Operative technique. Open the posterior fossa as described for other tumors. After opening the dura, before inspecting the fourth ventricle, elevate each cerebellar tonsil and hemisphere to inspect the outside of the brain stem and the cerebellopontine angles, ensuring that there is no extrinsic lesion. Then separate the tonsils to inspect the floor and cavity of the fourth ventricle. To expose its anterior portion, divide the inferior vermis in the midline, preserving the vessels on either side, and separate the vermis and tonsils. A pale or light-yellow area on the ventricular floor indicates the cyst wall, which can be opened to drain the cyst without further functional loss. In this case the wall lay in the midline anterior to the striae medullares. Before opening it, a needle inserted in the midline of the ventricular floor aspirated pale tea-colored fluid (Figure 7.41A). The wall was then opened in the midline or at its thinnest point to expose the tumor and establish drainage, or marsupialization (Figure 7.41B). A microscope or loupe should be used at this stage to visualize the tumor clearly and remove a small portion safely for histology. Extensive or complete removal should not be attempted because it would damage the brain stem.

Histology showed astrocytoma. The patient was very drowsy for the first 2 postoperative days and became alert on the third. The striking change was almost complete disappearance of bilateral limb extensor rigidity. Only bilateral hyperreflexia remained, greater on the left. He was discharged on postoperative day 17 and returned for radiotherapy.

3. When tumor projects into the fourth ventricle or outside the brain stem and obstructs cerebrospinal fluid pathways, remove the extrinsic portion without damaging the brain stem. This reopens cerebrospinal fluid pathways, relieves brain stem compression, lowers raised intracranial pressure, and prolongs survival.(63,64) There is now increasing support for resecting such tumors, whereas these patients were formerly considered beyond surgical help.(65,66)

[image: Figure 7.41 Surgery for brain stem glioma through a midline split in the vermis. A. Tea-colored fluid from the cystic part of the tumor. B. The cyst wall has been opened and part of the tumor removed.]Figure 7.41 Surgery for brain stem glioma through a midline split in the vermis.
A. Tea-colored fluid from the cystic part of the tumor.
B. The cyst wall has been opened and part of the tumor removed.
4. In a tumor with intratumoral hemorrhage, evacuation of the hematoma may allow recovery.

5. In hydrocephalus, a ventriculoperitoneal or ventriculoatrial shunt relieves raised intracranial pressure.

Radiotherapy. Because these tumors arise within the brain stem and cannot be removed completely, radiotherapy is necessary. The accepted dose is 5000–5500 rad, divided over 5–6 weeks. Improvement is generally apparent early during irradiation, with little further change later. Results depend on several factors, including location, tumor type, and early response. Patients who improve early during radiotherapy survive longer than those who show no change afterward.(67) After irradiation, patients with low-grade astrocytoma survive approximately 2–4 years, whereas those with glioblastoma survive no longer than 1 year.
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Thalamic Gliomas

Thalamic tumors are uncommon, accounting for approximately 3% of childhood brain tumors.(68) Most are astrocytomas, either benign or malignant, and usually arise in childhood or young adulthood. Oligodendroglioma and ependymoma are still less common.

Symptoms and signs. Manifestations vary with extension into structures adjacent to the thalamus: the basal ganglia, internal capsule, third ventricle, midbrain, corpus callosum, and hypothalamus. Details appear in Chapter 5. The commonest presentation is raised intracranial pressure with unilateral weakness and sensory loss, caused by damage to sensory fibers, thalamic nuclei, and internal capsule, together with tumor compression of the posterior third ventricle producing obstructive hydrocephalus. Headache, vomiting, blurred vision, and papilledema result.  Experience shows that hemiparesis or hemiplegia is generally more prominent than sensory loss, although anatomically one might expect sensory disturbance first because the thalamus is a sensory center. Limb weakness results from internal capsule compression and progressively becomes hemiplegia when the capsule is destroyed. Patients complain of numbness in the weak limbs; this progresses to loss of every sensory modality when the tumor destroys the ventral posterolateral thalamic nucleus.(69)

Homonymous hemianopsia may result from compression of the lateral geniculate body, optic tract, or optic radiation. Some patients develop upward conjugate gaze palsy and anisocoria when the quadrigeminal plate and pretectal midbrain are compressed from above. Large tumors may produce cerebellar dysfunction—ataxia, incoordination, and nystagmus—through damage to the cerebellorubrothalamic system.(70) Confusion, memory impairment, excessive sleep, and emotional lability may also occur through destruction of the dorsomedial thalamic nucleus and its fibers to the frontal cortex.(71)

In summary, a child with progressive hemiparesis and hemisensory deficit together with raised intracranial pressure should be suspected of having a thalamic tumor, usually a thalamic glioma.
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Investigations

C.T. or MRI currently demonstrates thalamic tumors best, showing their characteristics and extension into neighboring brain structures and thus better explaining the patient's symptoms and signs. They also show hydrocephalus and other mass effects, aiding treatment planning. The tumor may be hypodense, isodense, or hyperdense, with or without calcification. When calcification is present, the tumor is a benign  glioma. Most tumors become hyperdense after contrast injection.

Previously, the main investigations were carotid angiography and PEG or ventriculography. Angiographic changes usually appeared late, when the mass was large, whereas PEG or ventriculography showed the tumor while still relatively small because the thalamus adjoins the ventricles. Important angiographic changes involve the lenticulostriate, anterior choroidal, and lateral posterior choroidal arteries and the internal cerebral and thalamostriate veins. The anterior and middle cerebral arteries show no changes specific to tumors in this region. On anteroposterior views, the lenticulostriate arteries are displaced laterally and downward (Figure 6.61). The anterior cerebral artery generally remains in the midline. Upward tumor expansion may separate the pericallosal arteries. Middle cerebral branches and the angiographic point are stretched laterally. Venous changes indicating a thalamic tumor are elevation and medial inclination of the thalamostriate vein and displacement of the internal cerebral vein across the midline, while the anterior cerebral artery remains central. On lateral views, the anterior choroidal artery enlarges; its proximal part is compressed and straightened and its distal part bows posteriorly (Figures 6.60, 6.61). The lateral posterior choroidal artery forms a wider arch, and elevation of the thalamostriate vein widens the venous angle.

PEG and ventriculography are reliable investigations. A characteristic, consistently observed feature is elevation of the central and posterior floor of the lateral ventricle on the tumor side, outlining the mass. The third ventricle bows toward the opposite side, especially posteriorly. This curvature indicates a deep tumor extending into the third ventricle. Its anterior part and the lateral ventricle enlarge because of obstruction in the posterior third ventricle.
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Treatment

The thalamus is a vital, deep brain structure, and these tumors  infiltrate without a clear boundary. Resection in this region is therefore considered contraindicated: it increases functional loss without allowing complete removal or cure. Most treatment consequently relies on radiotherapy. Surgery chiefly aims to obtain tissue for diagnosis and establish a ventriculoatrial or ventriculoperitoneal shunt to lower intracranial pressure from cerebrospinal fluid obstruction at the posterior third ventricle. Radiotherapy without biopsy to establish tumor type is inappropriate because the lesion may not respond, exposing the patient to irradiation without benefit. Treatment results would also be impossible to interpret. Biopsy methods are:

1. Craniotomy: transcallosal approach or transventricular approach.

2. C.T.-guided stereotactic biopsy.

The transcallosal approach enters the lateral ventricle through the corpus callosum and exposes the thalamus well whether the ventricle is small or large. Perform a posterior parietal craniotomy near the midline and separate the medial parietal surface from the falx cerebri, as in pineal tumor surgery. Incise the corpus callosum anteroposteriorly to enter the lateral ventricle and expose the thalamic tumor for straightforward biopsy.

For the transventricular approach, make a cortical incision in the posterior parietal lobe approximately 4 cm from the midline. Separate the white matter deeply toward the lateral ventricle, expose the thalamus, and take a biopsy. Hydrocephalus makes ventricular access easier.

The author has not performed C.T.-guided stereotactic biopsy but considers it suitable for deep thalamic tumors. Caution is necessary because vascular injury may cause intrathalamic hemorrhage, which cannot be controlled immediately as it can during open biopsy.

In summary, thalamic glioma is treated with radiotherapy and, when obstructive hydrocephalus is present, a shunt. Improvement may last  months or years, depending on tumor malignancy.
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Ependymoma

Ependymoma is a benign tumor arising from ependymal cells, which belong to the neuroglial group. It occurs mainly in children and adolescents and originates in the ventricular walls, most often in the fourth ventricle, followed by the lateral ventricles, third ventricle, and aqueduct of Sylvius. It may grow into the ventricle or brain substance, producing symptoms according to location. It can occur in either the cerebrum or posterior fossa.

Cerebral ependymomas commonly occur in the parietal lobe and expand into the brain. Some grow to the cortical surface and extend into several lobes, as in Figure 7.42.

[image: Figure 7.42 Ependymoma extending from the lateral ventricular wall to the brain surface in the frontoparietotemporal region.]Figure 7.42 Ependymoma extending from the lateral ventricular wall to the brain surface in the frontoparietotemporal region.
Fourth ventricular ependymomas usually adhere to the posterior ventricular floor near the obex and extend anteriorly within the ventricle or posteriorly into the cisterna magna. They may pass through the foramen magnum into the spinal canal. At surgery, opening the dura reveals tumor filling the cisterna magna. This portion is usually well defined and easily removed. Adherence to the fourth ventricular floor is the main obstacle to complete excision because this region contains vital respiratory and cardiac centers and cranial nerve nuclei. Attempted dissection may be fatal, while the residual attachment allows tumor regrowth.
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Symptoms and Signs

Most manifestations are those of raised intracranial pressure because the tumor obstructs cerebrospinal fluid flow before producing localizing signs. Tumors arising in the cerebrum and expanding within brain tissue produce focal symptoms according to their location.

Fourth ventricular tumors likewise present first with raised intracranial pressure, often early because cerebrospinal fluid pathways are readily obstructed. In young children, the head frequently becomes abnormally large. Cerebellar and brain stem signs usually appear later. Extension into the spinal canal may also cause neck stiffness and spasm of the neck and shoulder muscles, producing a tilted neck with limited movement.
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Diagnosis

Before C.T. and MRI, carotid angiography was used for suspected supratentorial lesions and vertebral angiography for suspected posterior fossa tumors. If localization remained unclear, air ventriculography (Figure 6.133) or contrast ventriculography (Figure 7.43) was performed.

C.T. and MRI now provide excellent investigation, clearly showing tumor boundaries,  location, size, and hydrocephalus. Angiography and ventriculography are therefore no longer performed for this purpose.
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Treatment

Because the tumor is benign, surgery aims at complete removal to prevent recurrence. Its location  and size must nevertheless be considered. Sites such as the fourth ventricular floor, aqueduct of Sylvius, and third ventricle are dangerous: attempting complete removal may cause postoperative death. Establishing the diagnosis, inserting a cerebrospinal fluid shunt, and giving radiotherapy is preferable. Cerebral tumors may be very large and involve several lobes, likewise making attempted total removal highly dangerous.

[image: Figure 7.43 Contrast ventriculogram showing a fourth ventricular tumor obstructing cerebrospinal fluid flow and producing hydrocephalus. Histology showed ependymoma. A. Lateral radiograph. B. Anteroposterior radiograph.]Figure 7.43 Contrast ventriculogram showing a fourth ventricular tumor obstructing cerebrospinal fluid flow and producing hydrocephalus. Histology showed ependymoma.
A. Lateral radiograph.
B. Anteroposterior radiograph.
The following example illustrates successful surgery for a fourth ventricular ependymoma.
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Case 1: Ependymoma of the Posterior Fourth Ventricle

A 21-year-old woman presented with headache, vomiting, and blurred vision for 3 months. More recently she had slight unsteadiness to either side but could still work. Two weeks before admission she developed diplopia and worsening headache. Examination showed bilateral papilledema, right sixth nerve palsy, good limb strength, a slightly ataxic gait without consistent deviation to either side, and bilateral corticospinal tract signs. A posterior fossa tumor was diagnosed. Angiography showed hydrocephalus, and contrast ventriculography demonstrated a mass in the posterior fourth ventricle obstructing cerebrospinal fluid flow and causing marked ventricular enlargement (Figure 7.43A, B).

Tumor removal. Suboccipital craniectomy was performed. Opening the dura revealed a well-defined grayish-pink tumor filling the cisterna magna, with part extending into the spinal canal and part spreading alongside the medulla (Figure 7.44A). Structures requiring protection were i) the medulla; ii) lower cranial nerves; iii) the posterior inferior cerebellar artery; and iv) the fourth ventricular floor. Starting dissection from below was inconvenient because the mass had to be elevated with a spatula to expose the spinal cord and medulla; removing the spatula allowed it to fall back and obscure the field. Suction within the tumor was particularly inadvisable because deeper aspiration could injure the spinal cord, medulla, or ventricular floor. The author considered removal from above easier: with the patient sitting, the tumor's weight drew it downward and clearly exposed its upper margin. Complete removal was achieved without damage to the medulla or fourth ventricle (Figure 7.44B). The ventriculogram showed enlargement of the anterior half of the fourth ventricle and a clear tumor boundary. Dissection therefore began along the tumor margin adjacent to the posterior vermis to enter the ventricle. This clearly exposed the tumor boundary and ventricular floor, which was completely covered with cotton for protection. The covering was extended progressively downward as dissection proceeded inferiorly. The tumor descended under its own weight, revealing its origin at the side of the fourth ventricle. Dividing this attachment freed the mass without dissection near the spinal cord or beside the medulla (Figure 7.45).

[image: Figure 7.44 Ependymoma of the fourth ventricle and cisterna magna. A. Before removal, showing the pinkish tumor. B. After complete removal, showing the intact fourth ventricle and brain stem.]Figure 7.44 Ependymoma of the fourth ventricle and cisterna magna.
A. Before removal, showing the pinkish tumor.
B. After complete removal, showing the intact fourth ventricle and brain stem.
[image: Figure 7.45 Approach for removing an ependymoma from the fourth ventricle.]AI-enhanced and colorized image · Switch to view the originalFigure 7.45 Approach for removing an ependymoma from the fourth ventricle.
When the tumor lies high in the fourth ventricle, removal requires the method illustrated in Case 2.
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Case 2

The patient presented with raised intracranial pressure. Investigation disclosed a fourth ventricular tumor. Opening the posterior fossa revealed tonsillar herniation down to C2–3 (Figure 7.46), with no tumor visible on the cerebellar surface. Separating the tonsils exposed tumor at the foramen of Magendie. Because this opening was too small for easy access to the tumor's sides and anterior portion, the posterior vermis was divided in the midline while preserving vessels on either side (Figure 7.47). Retraction improved anterior and lateral exposure, allowing access to the anterior fourth ventricle and identification of its floor. After separating tumor from the floor, the floor must always be protected with cottonoid before suction and cutting. Proceeding gradually inferiorly and laterally permits complete removal. Tumor adherent to the ventricular floor must not be stripped off, because doing so endangers cranial nerve nuclei and the respiratory and cardiac centers. A thin adherent layer should be left in place (Figure 7.48).

[image: Figure 7.46 Tonsillar herniation caused by a fourth ventricular tumor.]Figure 7.46 Tonsillar herniation caused by a fourth ventricular tumor.
[image: Figure 7.47 Splitting the vermis exposes the fourth ventricular tumor.]Figure 7.47 Splitting the vermis exposes the fourth ventricular tumor.
[image: Figure 7.48 After tumor removal, a thin layer remains adherent to the fourth ventricular floor (short arrow). The aqueduct of Sylvius is markedly enlarged (long arrow).]Figure 7.48 After tumor removal, a thin layer remains adherent to the fourth ventricular floor (short arrow). The aqueduct of Sylvius is markedly enlarged (long arrow).
Tumor extending into the cerebellar hemisphere should also be removed. Extension through the foramen of Luschka into the cerebellopontine angle should not be removed because it commonly adheres to the brain stem and cranial nerves. Tumor extending into the aqueduct of Sylvius and obstructing cerebrospinal fluid flow may, however, be removed because it does not infiltrate the aqueductal gray matter. In this second case, removal exposed a large aqueduct through which the third ventricle could be seen.
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Choroid Plexus Papilloma

Choroid plexus papilloma is a benign, slowly growing tumor arising in the choroid plexus. It is therefore intraventricular and well circumscribed, and complete surgical removal cures the disease. Its ventricular location commonly causes hydrocephalus. Despite being benign, it can be fatal if diagnosis and removal do not precede complications such as severe hydrocephalus or intraventricular hemorrhage.

Hydrocephalus may result from  three factors: I) excessive cerebrospinal fluid production by the tumor; II) obstruction of cerebrospinal fluid pathways by the tumor; and III) repeated bleeding into the cerebrospinal fluid, increasing protein and causing adhesions.

Excess cerebrospinal fluid production is supported by resolution of hydrocephalus after removal of a nonobstructing intraventricular tumor.(72,73,74,75) Obstruction occurs early in the narrow third and fourth ventricles. A tumor at the lateral ventricular trigone may enlarge the temporal or occipital horn disproportionately to the rest of the ventricle. Removal restores normal cerebrospinal fluid pathways and resolves the hydrocephalus.

Some patients present with subarachnoid and intraventricular hemorrhage. If they survive the bleeding, increased cerebrospinal fluid protein, adhesions, or leptomeningeal fibrosis impair circulation and absorption, producing hydrocephalus.

Choroid plexus papilloma accounts for approximately 0.5–0.6% of all brain tumors. Most occur in children within the first 2 years of life, predominantly in the lateral ventricle. In adults they usually occur in the fourth or third ventricle.

Some lateral ventricular papillomas contain calcification, making the highly vascular mass firmer. At surgery they may resemble intraventricular meningiomas; both have a choroid plexus pedicle and receive blood from choroidal arteries. They may nevertheless be distinguished because a meningioma has a smooth rather than papillary or cauliflower-like surface, although it may be nodular, and is firmer.
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Symptoms and Signs

The commonest initial manifestation is raised intracranial pressure or hydrocephalus. Because the tumor occurs in young children, an infant may initially develop normally and later develop an enlarged head, possibly with vomiting, restlessness, or drowsiness.  Older children may complain of headache. In the author's experience, all children presented with head enlargement and no focal signs. A large papilloma in one lateral ventricle may cause hemiparesis through marked enlargement of that ventricle or direct compression of the corticospinal tract. Fourth ventricular papillomas likewise present with raised intracranial pressure; cerebellar signs are uncommon until the mass is large enough to produce cerebellar and cranial nerve signs.

Intraventricular or subarachnoid hemorrhage from the tumor may cause sudden severe deterioration, followed by drowsiness or death from very high intracranial pressure.
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Diagnosis

Raised intracranial pressure, an enlarged head in a child, absence of focal neurological deficits, and increased cerebrospinal fluid protein or xanthochromia should always suggest an intraventricular tumor.

Sampling cerebrospinal fluid in choroid plexus papilloma is hazardous by either lumbar or ventricular puncture; neither is now necessary for this purpose. Lumbar puncture in raised intracranial pressure may cause tonsillar herniation. Another observed phenomenon is a rapid rise in cerebrospinal fluid pressure after fluid removal for examination or pressure relief, even when hydrocephalus had previously progressed slowly. The patient may become unconscious or die rapidly. Lowering cerebrospinal fluid pressure stimulates massive new fluid production and often causes subependymal and paraventricular petechial hemorrhages.(76)

C.T. and MRI now clearly demonstrate intraventricular tumors, displacing older investigations. Before C.T., the investigative sequence was as follows:

1. Skull radiographs show changes from raised intracranial pressure: sutural separation, head enlargement, and sometimes calcification. These are not specific to choroid plexus papilloma.

2. AIR CONTRAST STUDIES. Air introduced into the ventricle outlines the white tumor against the dark air. This demonstrates its boundaries fairly clearly (Figure 6.133) and was considered a specific investigation for intraventricular tumors, but is now rarely performed.

3. CEREBRAL ANGIOGRAPHY. This is not particularly helpful for precise tumor boundaries or localization. It shows hydrocephalus and the feeding vessels, helping surgical removal with less blood loss. Tumor staining may be visible. Angiography is difficult and hazardous in small children and is therefore seldom performed.

4. C.T. The tumor is clearly seen both before and after contrast because its intraventricular density differs from cerebrospinal fluid. It is isodense on unenhanced C.T. and becomes strikingly hyperdense with enhancement.(77) (Figure 7.52.) C.T. shows the boundaries, size, location, and hydrocephalus and is therefore the best diagnostic method.

5. MRI demonstrates location, boundaries, size, and hydrocephalus as well as C.T.
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Treatment

The best treatment for choroid plexus papilloma is complete surgical removal with minimal injury to neighboring brain tissue. Because the tumor is benign, complete removal is curative. Partial removal followed by radiotherapy is ineffective.

Tumor removal. Operative techniques and complications differ somewhat with the  tumor's location, as follows.
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1) Choroid Plexus Papilloma of the Fourth Ventricle

For a fourth ventricular choroid plexus papilloma, perform suboccipital craniectomy without extensive lateral exposure because the tumor is within the ventricle. Before opening the dura, release cerebrospinal fluid through a ventriculostomy to lower intracranial pressure. Tumor seldom protrudes externally when the dura is opened because it obstructs cerebrospinal fluid pathways before becoming very large. The key to removal without major blood loss is division of the vessels supplying the choroid plexus. These arise from the posterior inferior cerebellar artery (PICA). The choroid plexus lies at the posterior velum of the fourth ventricle. Separate and elevate the cerebellar tonsils to expose PICA medially between the tonsil and medulla. Following the arteries distally brings the two PICAs close together. Divide the uvula and nodulus of the vermis in the midline to expose the posterior velum. Here the choroidal artery branches from PICA before PICA turns laterally to supply the vermis and cerebellar hemisphere (Figure 7.49); PICA must be preserved during surgery. In choroid plexus papilloma, the choroidal arteries are enlarged and prominent and form the tumor pedicle. Coagulate them with bipolar forceps and divide them on both sides. The tumor immediately shrinks. It can then be removed easily without blood loss. This method permits complete removal in every case because the papilloma has a choroid plexus pedicle and a clearly defined boundary all around. Direct suction and cutting to debulk the tumor before dividing its feeding vessels is particularly inadvisable: it causes substantial bleeding and obscures vital structures, including the medulla, cranial nerves, and fourth ventricular floor.

[image: Figure 7.49 Choroid plexus of the fourth ventricle (long arrow) and its arterial supply (short arrow).]Figure 7.49 Choroid plexus of the fourth ventricle (long arrow) and its arterial supply (short arrow).
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2. Choroid Plexus Papilloma of the Lateral Ventricle

Tumors in this ventricle can be subdivided by location: the frontal horn adjacent to the foramen of Monro, the body of the lateral ventricle, and the trigone. The trigone is the most frequent site. Each location requires knowledge of the relevant cerebral anatomy and a somewhat different operative technique. The approaches may therefore be classified by tumor location as follows.
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2.1 Papilloma of the Trigone

The two common tumors in the trigone are choroid plexus papilloma and meningioma. Other tumors, including ependymoma, astrocytoma, and epidermoid tumors, may also occur here. Meningioma is more common than papilloma. These tumors are supplied chiefly by the anterior choroidal artery and sometimes also by the posterior choroidal artery, as demonstrated by carotid and vertebral angiography. These vessels are usually not greatly enlarged and are tortuous.

Important anatomical structures that must always be considered when operating here are the sensory speech center (Wernicke's or perceptive speech center) in the dominant hemisphere, the optic radiation, the tail of the caudate nucleus, and the pulvinar of the thalamus. Any approach must account for their functions and minimize functional loss. Several routes are available. However, these tumors are often large because the ventricular location is a silent area, producing no focal symptoms, and surgery is therefore difficult. Except for small tumors, no approach is completely satisfactory for exposing every part of the tumor and its feeding vessels through a single cortical incision.

Operative technique. Three approaches to trigonal tumors are commonly used (Figure 7.50).

[image: Figure 7.50 Cortical incisions for approaching the choroid plexus at the trigone of the lateral ventricle. 1. Lateral parietotemporal incision. 2. Posterior middle temporal gyrus incision. 3. Posterior parieto-occipital paramedial incision.]AI-enhanced and colorized image · Switch to view the originalFigure 7.50 Cortical incisions for approaching the choroid plexus at the trigone of the lateral ventricle.
1. Lateral parietotemporal incision.
2. Posterior middle temporal gyrus incision.
3. Posterior parieto-occipital paramedial incision.
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2.1.1 Lateral Parietotemporal Approach

This provides easy access to a trigonal tumor because only a thin layer of brain separates the cortex from the tumor. It has three disadvantages.

First, in the dominant hemisphere it causes postoperative dysphasia through damage to the angular and supramarginal gyri of the temporoparietal lobe, the location of the sensory speech center.

Second, part of the optic radiation is damaged because the incision crosses its fibers perpendicularly as they run toward the occipital lobe, causing a homonymous quadrantanopia.

Third, a large tumor obscures the anterior and posterior choroidal arteries. Early division of these vessels to reduce the tumor's blood supply is difficult. Piecemeal removal may therefore cause heavy, uncontrollable, and potentially fatal blood loss.

Original pages 701–702
2.1.2 Posterior Middle Temporal Gyrus Incision

The incision is made in the posterior portion of the middle temporal gyrus (Figures 7.50 and 7.51). This gives good access to the tumor and anterior choroidal artery, allowing easy interruption of the tumor's blood supply. Removal is therefore safe, with little blood loss and no injury to neighboring structures. Possible disadvantages include postoperative homonymous quadrantanopia, probably less extensive than with the first approach because the incision runs parallel to the optic radiation fibers. In the dominant hemisphere, some speech disturbance may still occur.

[image: Figure 7.51 A cross-section of the brain showing the choroid plexus at the trigone and the approaches. 1. Posterior middle temporal gyrus incision. 2. Posterior parieto-occipital paramedial incision.]Figure 7.51 A cross-section of the brain showing the choroid plexus at the trigone and the approaches.
1. Posterior middle temporal gyrus incision.
2. Posterior parieto-occipital paramedial incision.
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2.1.3 Parieto-occipital Paramedial Incision

This is the safest approach, particularly for a tumor in the dominant hemisphere, because it avoids the optic radiation, which runs inferolaterally in the parietal lobe, and the sensory speech center. The cortical incision is made at the level of the parieto-occipital fissure, approximately 3–4 cm from the midline, and extends about 4 cm anteriorly (Figures 7.50 and 7.51). It provides access to feeding vessels, especially the posterior choroidal artery approaching medially. However, the anterior choroidal artery is less accessible than with the first two approaches because it lies lateral and inferior to the tumor. Ventricular enlargement from hydrocephalus permits the tumor to be turned to expose the vessels.

Thus, no single approach is best for removing a trigonal papilloma. The surgeon should be skilled in all the approaches described and thoroughly understand the anatomy and functions of this region. The operation must be individualized according to tumor location, size, feeding vessels, and vascularization demonstrated by C.T. and angiography. If necessary, more than one approach may be combined to interrupt both the anterior and posterior choroidal arterial supply completely. Complete, safe removal without blood loss is then possible. Nevertheless, even an easily removed tumor may be followed by fatal complications, which require careful attention and prevention, as the following case illustrates.

Case example. An 18-month-old child had progressive head enlargement for approximately six months and a right squint for one month. Examination showed hydrocephalus and a right sixth nerve palsy, without other focal signs. C.T. showed a mass at the trigone of the left lateral ventricle and marked hydrocephalus (Figure 7.52).

[image: Figure 7.52 C.T. showing a choroid plexus papilloma at the trigone in an 18-month-old child.]Figure 7.52 C.T. showing a choroid plexus papilloma at the trigone in an 18-month-old child.
The tumor was within the left lateral ventricle of the dominant hemisphere, clearly circumscribed, and extended into the occipital horn. The images suggested that the glomus of the choroid plexus, or tumor pedicle, would be readily visible through a parieto-occipital paramedial incision. A parieto-occipital craniotomy was therefore performed, and the dura was opened after partial cerebrospinal fluid drainage. The cortical incision was placed as described above. On entering the ventricle, a pink-red tumor was seen. Slight rotation exposed the choroid plexus and feeding vessels. Cottonoids covered the ventricular passage toward the frontal horn to prevent blood entering the horn and obstructing the foramen of Monro. The vessels passing from the choroid plexus into the tumor were coagulated with bipolar forceps and divided. The tumor immediately shrank and was removed without any blood loss. After complete removal and partial suction of cerebrospinal fluid, the brain collapsed markedly because the ventricle was very large. Multiple bridging veins tore, causing sudden, widespread subdural hemorrhage. The bleeding sites could not be found. The child went into shock and died.

This case shows that selecting the correct approach can make tumor removal straightforward. However, choroid plexus papilloma may cause hydrocephalus with extreme ventricular enlargement, as in this child. Excessive cerebrospinal fluid drainage should therefore be avoided. Saline should be maintained within the ventricle to prevent excessive collapse. This error regrettably cost the child's life.
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2.2 Choroid Plexus Papilloma of the Body of the Lateral Ventricle

The tumor may arise in the middle of the ventricular body or near the foramen of Monro and extend into the frontal horn. Papillomas in the body are difficult to remove because nearby motor and sensory fibers place these functions at risk. The choroid plexus and papilloma are usually supplied by the posterior choroidal artery. As the tumor grows, it obstructs cerebrospinal fluid flow from the temporal and occipital horns, which consequently tend to enlarge more than the other ventricular portions.

Tumor removal. A cortical incision directly through the motor or sensory cortex should be avoided because it causes disability. Either of the following two approaches may be used.
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2.2.1 Middle Frontal Gyrus Incision

An incision is made in the posterior middle frontal gyrus, anterior to the motor cortex, toward the ventricle (Figure 7.53). This is suitable for a tumor in the anterior ventricular body, adjacent to the foramen of Monro, or extending into the frontal horn. Make a 3–4 cm incision along the gyrus and separate the white matter toward the ventricle. If C.T. shows marked ventricular enlargement, proceed straight inward; with less enlargement, direct the approach slightly medially. Within the ventricle, the septum pellucidum forms the medial wall, the caudate nucleus lies laterally, and the thalamus lies below, with the thalamostriate vein between the latter two structures. The interventricular foramen of Monro lies inferiorly and leads into the third ventricle. Its anterior border is the fornix and its posterior border is the thalamus. The choroid plexus runs into the foramen. As elsewhere, gently rotate the tumor to expose the choroid plexus at the foramen of Monro, then follow it posteriorly along the floor of the lateral ventricle. Coagulate with bipolar forceps and divide the tumor's feeding vessels within the choroid plexus. Usually the very large ventricle permits the tumor to be rotated or displaced sufficiently to expose the plexus. In a very large tumor, such as the papilloma at the foramen of Monro shown in Figure 7.54, the ventricle is markedly enlarged, yet entry through a posterior middle frontal gyrus incision may reveal neither the choroid plexus nor its tumor-feeding vessels. In this situation, use bipolar coagulation and remove small portions of tumor until the choroidal vessels can be seen; this is sufficient. Blood loss is relatively slight with this method. Direct suction of the tumor should be avoided because it causes substantial bleeding. After coagulation and division of the choroidal vessels, the remaining papilloma immediately shrinks and can easily be removed as a whole. Ensure that the choroid plexus attached to the tumor has been completely divided, since traction on an undivided attachment may cause further bleeding.

[image: Figure 7.53 Approaches to a tumor in the body of the lateral ventricle. 1. Middle frontal gyrus approach. 2. Transcallosal approach.]AI-enhanced and colorized image · Switch to view the originalFigure 7.53 Approaches to a tumor in the body of the lateral ventricle.
1. Middle frontal gyrus approach.
2. Transcallosal approach.
[image: Figure 7.54 Contrast ventriculogram showing a large tumor within the body of the lateral ventricle.]Figure 7.54 Contrast ventriculogram showing a large tumor within the body of the lateral ventricle.
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2.2.2 Transcallosal Approach

This approach is suitable for tumors in the middle of the lateral ventricular body because it avoids incisions through motor and sensory cortex and the resulting loss of function. It is also suitable for tumors extending into both ventricles (Figure 7.55). Preoperative cerebral angiography should include the venous phase to locate the large veins draining into the superior sagittal sinus. This helps position the craniotomy so that brain retraction does not damage these veins.

[image: Figure 7.55 Approach to a tumor in the body of the lateral ventricle through the corpus callosum (transcallosal approach).]AI-enhanced and colorized image · Switch to view the originalFigure 7.55 Approach to a tumor in the body of the lateral ventricle through the corpus callosum (transcallosal approach).
Technique. Position the patient supine with the head facing straight ahead. Place the posterior craniotomy margin approximately 3 cm behind the coronal suture and the anterior margin 5 cm in front of it. Extend the medial margin slightly across the midline to the opposite side. After draining ventricular cerebrospinal fluid, open the dura with its flap based on the superior sagittal sinus. Approach the corpus callosum at a site without a large bridging vein entering the sinus. Occasionally a less important bridging vein must be divided to allow greater lateral retraction of the medial frontal lobe. Gently separate the frontal lobe from the falx cerebri with a self-retaining retractor. The cingulate gyrus and pericallosal artery will be seen over the corpus callosum; protect them carefully. Bring in the microscope at this point. After adequately retracting these structures laterally, incise the corpus callosum approximately 3 cm from the genu and extend the incision posteriorly for about 3 cm. Keep it 0.5–1 cm off the midline to avoid the bodies of the fornices, which lie close together beneath the middle of the corpus callosum. Injury to the fornix may impair memory. Passing through the corpus callosum enters the ventricle. Tumor removal follows the principles already described: expose, coagulate, and divide the feeding vessels first, then remove the tumor completely in pieces. The thalamostriate and septal veins must also be preserved.
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Results of Treatment of Choroid Plexus Papilloma

If the tumor is completely removed before the brain is damaged by hydrocephalus, a very large mass, or spontaneous hemorrhage, the results are excellent. The patient is cured, with normal cerebral development and function, because the tumor is benign and well circumscribed. Hydrocephalus due to excess cerebrospinal fluid production by the papilloma or obstruction of cerebrospinal fluid pathways resolves after tumor removal. However, when spontaneous tumor hemorrhage also contributes to hydrocephalus, adhesive obstruction of the basal cisterns and subarachnoid space may leave persistent hydrocephalus after removal. Some patients require a cerebrospinal fluid shunt for its resolution.

Results are poor for malignant papilloma because it infiltrates without clear boundaries and is difficult to remove completely. Surgery therefore cannot cure it, and radiotherapy does not change the outcome.

Postoperative radiotherapy is unnecessary for papilloma because it is benign and can be completely removed.
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MEDULLOBLASTOMA

Medulloblastoma is a malignant cerebellar tumor accounting for approximately 20% of intracranial tumors in children. It occurs most often between ages 3 and 8 years.(78) It is occasionally seen in older children and very rarely in adults.

Location. As described in the pathology chapter, medulloblastoma arises in the cerebellar midline, the vermis, originating in the roof of the fourth ventricle at the posterior medullary velum. Its growth compresses and destroys the vermis, which appears broadened and pale at operation (Figure 7.57). Larger tumors extend into the cerebellar hemispheres. Most commonly, the tumor grows into and fills the fourth ventricle. It frequently extends downward into the cisterna magna and upper cervical spinal canal.

Medulloblastoma grows rapidly and tends to disseminate tumor cells through the cerebrospinal fluid pathways. After its removal, tumor deposits are frequently found throughout the central nervous system, including the spinal subarachnoid space, cauda equina, cisterns, and surfaces of the cerebellum and cerebrum. It is therefore a highly malignant posterior fossa tumor.
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Symptoms and Signs

The symptoms and signs of vermian tumors described in Chapter 5 may occur with a large medulloblastoma. Because it arises in the roof of the fourth ventricle, its characteristic clinical features are truncal ataxia and relatively rapid development of raised intracranial pressure from obstruction of cerebrospinal fluid flow at the fourth ventricle or aqueduct. Patients tend to fall forward or backward while sitting or standing, although limb incoordination may be absent or slight when examined lying down. Horizontal nystagmus may be absent but can appear when the tumor extends into a cerebellar hemisphere. Sudden deterioration sometimes follows hemorrhage or hydrocephalus with herniation.

Vomiting and headache are common. Vomiting results from raised intracranial pressure and pressure on the vomiting center in the floor of the fourth ventricle. It often occurs on waking in the morning: during sleep, respiration slows, PCO2 rises, and cerebral venous return is less efficient than in the upright position, raising intracranial pressure. Patients feel better after vomiting because subsequent hyperventilation lowers the pressure. The same explanation applies to headache that is worst on waking or late at night, sometimes severe enough to awaken the patient, and disappears or improves after vomiting. Headache progressively worsens as the mass enlarges or cerebrospinal fluid obstruction increases. Young children may develop head enlargement, usually not very marked because the rapidly growing medulloblastoma produces symptoms before substantial enlargement occurs.
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Diagnosis

Accurate diagnosis from the history and clinical signs alone may be difficult. Nevertheless, the patient's age, signs localizing the lesion to the vermis, relatively rapid symptom development, and raised intracranial pressure should suggest medulloblastoma before other tumor types. Definitive diagnosis requires examination of removed tumor tissue.
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Investigations

C.T. is important for suggesting the diagnosis. Medulloblastoma usually appears as a large, round, well-circumscribed hyperdense mass in the middle of the cerebellum, filling the fourth ventricle (Figure 6.102a). Contrast produces marked, uniform enhancement throughout the tumor.(79) On C.T., the absence of cysts and calcification distinguishes medulloblastoma from ependymoma, astrocytoma, and hemangioblastoma,(79) although very large tumors may contain multiple cysts (Figure 7.56).

MRI also shows the tumor very clearly. It is hypointense relative to brain on T1-weighted images and hyperintense and homogeneous on T2-weighted images.(80)

Angiography shows displacement of PICA and its branches and sometimes faint tumor staining, together with features of hydrocephalus. Skull radiographs show changes from raised intracranial pressure, such as separation of the sutures. Neither angiography nor skull radiography is now performed for this purpose, because they fail to show the mass clearly; C.T. or MRI gives much better results.

For dissemination into the spinal subarachnoid space, MRI is the best method of visualizing tumor deposits. If MRI is unavailable, myelography can also demonstrate spinal tumors.

Original pages 710–714
Treatment

The current standard treatment for medulloblastoma is surgical removal followed by irradiation of the entire neuraxis, because the tumor spreads through cerebrospinal fluid and is radiosensitive. Surgery establishes the tumor type and reopens cerebrospinal fluid pathways, allowing obstructive hydrocephalus to resolve without shunting. Shunting in medulloblastoma carries a risk of disseminating tumor cells to other parts of the body. Removal also relieves pressure on the brainstem and cerebellum. The operative options currently used are:

1. Removal of all visible tumor (radical resection), followed by radiotherapy.

2. Partial resection to relieve pressure on surrounding brain and reopen cerebrospinal fluid pathways, followed by radiotherapy.

3. Biopsy and ventriculoperitoneal shunting, followed by radiotherapy.

All three methods have advantages and disadvantages.

Total resection. Attempting complete removal in the fourth ventricle is very hazardous and has high mortality. Survivors, however, live longer and remain symptom-free longer than after other operations. Comparing total with partial resection, Raimondi and Tomita(81) reported one-year survival of 92% and five-year survival of 42% after total removal. After partial removal, survival was shorter: 65% at one year and only 30% at five years.

Technique. The author most often uses the sitting position, although lateral, semiprone, or prone positioning is also possible. Sitting offers good exposure at eye level but has the disadvantages and potential complications already described. Make a midline incision and a moderately wide suboccipital craniectomy. Extensive lateral exposure is unnecessary because the tumor is in the cerebellar midline. After opening the dura, tumor may protrude through the foramen of Magendie, or it may remain hidden behind a bulging, broadened vermis. Sometimes gray-pink sheets of disseminated tumor cover the cerebellar hemispheres and tonsils (Figure 3.51). This is characteristic of medulloblastoma; tumor cells may already have disseminated into the cisternal and spinal cerebrospinal fluid. For this reason, postoperative irradiation of the entire neuraxis is advisable.

To expose the tumor, divide the inferior vermis in the midline while preserving PICA branches and veins, and separate the two sides. The length of the vermian incision depends on tumor size. Before resection, cover the subarachnoid space around the medulla with cotton to prevent tumor cells entering the spinal subarachnoid space. If the tumor can be lifted from the fourth ventricular floor, cover the floor with cotton before cutting the tumor to protect this part of the brain. The tumor is gray-pink, soft, and easily aspirated. Suction combined with bipolar coagulating forceps permits complete removal. Begin internally to reduce tumor bulk and make its margins clearer, then remove the remainder. Where tumor involves important structures such as the dentate nucleus or cerebellar peduncles, complete removal may be dangerous or disabling. If frozen section confirms medulloblastoma, these portions may be left for destruction by radiotherapy. Highly vascular residual tumor, however, may bleed postoperatively and cause death. In such cases, only complete removal ensures that no postoperative hemorrhage arises from residual tumor.

Complete removal of a very large medulloblastoma, or any other large tumor, may itself cause fatal complications. A two-year-old child presented with a one-year history of head enlargement. During the preceding three months, gait had become unsteady, progressing to inability to sit or stand without falling forward or backward. Examination and C.T. showed a very large vermian tumor with hydrocephalus. The tumor was completely removed. Both cerebellar hemispheres then collapsed downward; the operation was being performed in the sitting position. All the bridging veins draining into the transverse sinus became stretched and eventually tore, causing a subdural hematoma and cerebellar swelling. The child died from brain swelling. This experience led the author subsequently to operate with the patient lying down rather than sitting and to favor partial rather than attempted complete resection when frozen section identifies medulloblastoma.

Partial resection. Its aims are: i) to reduce tumor bulk and brain compression; ii) to establish the tumor type; and iii) to reopen cerebrospinal fluid pathways. It is appropriate for very large medulloblastomas such as the example on C.T. (Figure 7.56), filling the vermis and fourth ventricle and compressing the cerebellar hemispheres.

Technique. Expose the posterior fossa as in the first method, but remove bone widely around the exposure and also remove the atlas arch to aid decompression. After opening the dura, tumor is seen on the vermian surface, spreading widely and severely compressing the cerebellar hemispheres. It extends into the cisterna magna as far as C1 (Figure 7.57). Attempted complete removal would be very dangerous, so only partial resection is performed. First coagulate and divide surface vessels, then open a moderately wide window into the tumor. Use suction and bipolar coagulation to remove it from within toward its margins. This reduces fourth ventricular compression and may restore a passage for cerebrospinal fluid. Tumor in the cisterna magna may be an extension of the mass above; if separable from the medulla, remove it to open the foramen of Magendie and permit cerebrospinal fluid flow. In other cases, disseminated cells have grown to cover the entire medulla. Do not attempt to remove this portion because of the extreme danger; use radiotherapy. Biopsy alone may suffice in such a case, followed by radiotherapy once medulloblastoma is confirmed. Even with biopsy alone, a wide craniectomy and dural opening decompress the posterior fossa and reduce brainstem compression. Some patients require a ventriculoperitoneal shunt to relieve obstructive hydrocephalus and improve comfort during radiotherapy.

[image: Figure 7.56 C.T. showing a very large vermian tumor extending into both cerebellar hemispheres, with hydrocephalus.]Figure 7.56 C.T. showing a very large vermian tumor extending into both cerebellar hemispheres, with hydrocephalus.
[image: Figure 7.57 Operative view of a large vermian tumor. Histological examination identified medulloblastoma.]Figure 7.57 Operative view of a large vermian tumor. Histological examination identified medulloblastoma.
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Radiotherapy

Medulloblastoma is particularly radiosensitive. Every patient should therefore receive radiotherapy after surgery and histological confirmation. Irradiation without a tissue diagnosis should not be performed, because some cerebellar tumors can be cured by surgery alone.

Radiotherapy should follow surgical relief of posterior fossa pressure and hydrocephalus. Irradiation before decompression may be dangerous because the resulting reactive brain swelling further increases intracranial pressure. Starting irradiation without first relieving pressure also loses valuable time for preventing pressure-related optic nerve damage. If raised pressure persists during almost a month of radiotherapy, the patient may become blind. Because medulloblastoma tends to disseminate through cerebrospinal fluid, particularly after surgery, irradiation must encompass both the head and spine along the entire neuraxis.

The current neuraxis irradiation schedule gives 5400 rads to the posterior fossa, 4000 rads to the rest of the brain, and 3500 rads to the spinal cord.(82)
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Results of Treatment

Patients with medulloblastoma improve immediately after surgery and radiotherapy. If neither the tumor nor the operation has impaired brain function, they can return to work. Nevertheless, even after complete removal and full radiotherapy, the tumor invariably recurs. A review of recent reports covering patients of all ages treated with surgery and irradiation gives a five-year survival rate of approximately 60%. Following complete resection and a full course of radiotherapy, five-year survival reaches 77%.(82) It is generally accepted that postoperative radiotherapy prolongs survival by approximately 1–2 years compared with surgery alone.
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Treatment of Recurrent Tumor

Recurrent medulloblastoma has three treatment options: I) repeat surgical removal; II) radiotherapy; or III) surgery followed by radiotherapy. The choice depends on the patient's general condition and neurological impairment, the location and size of recurrence, the radiation dose already given, and the interval since initial treatment. Recurrent symptoms always require repeat C.T. or MRI to guide treatment. If there is a localized mass and the patient can tolerate surgery, repeat removal is advisable. If the patient's condition precludes surgery, radiotherapy is preferable and often improves symptoms.
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PINEAL GLAND TUMORS

Tumors in the pineal region include those arising from the pineal gland itself—pineocytoma, pineoblastoma, pinealoma (germinoma), teratoma, and carcinoma—and tumors of nearby structures. These include the quadrigeminal plate, upper midbrain, posterior third ventricle, and splenium of the corpus callosum, usually astrocytomas, ependymomas, or choroid plexus papillomas. These tumors are appropriately considered together because they produce similar symptoms, signs, and treatment problems.
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Symptoms and Signs

Patients with pineal gland tumors have three groups of symptoms and signs:

1. Raised intracranial pressure from hydrocephalus: headache, vomiting, papilledema, and head enlargement in young children.

2. Compression of the quadrigeminal plate produces important localizing signs, including Parinaud's syndrome: paralysis of upward conjugate gaze, dilated pupils unreactive to light (reflex iridoplegia), deafness, and an ataxic gait.

3. Hypothalamic dysfunction results from hypothalamic destruction by an ectopic suprasellar pinealoma or from hydrocephalus. Manifestations include diabetes insipidus, hyperthermia, cachexia, and precocious puberty.

These manifestations were described in detail in Chapter 5.
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Diagnosis

A pineal gland tumor can be diagnosed confidently when focal signs indicate damage to the quadrigeminal plate. Most patients present with raised intracranial pressure, and examination reveals Parinaud's phenomenon. Hypothalamic symptoms may or may not coexist. If hypothalamic symptoms are the presenting complaint, suprasellar disease must first be excluded.

Other investigations supporting diagnosis include skull radiographs, contrast ventriculography, and angiography. These methods are now obsolete for this purpose, with C.T. and MRI remaining in use.

1. Skull radiographs show two important changes: signs of raised intracranial pressure and calcification in the pineal region. A calcified pineal gland is not normally found in children, so calcification here should suggest a pineal tumor. It does not, however, identify the tumor type.

2. VENTRICULOGRAPHY establishes the diagnosis by demonstrating hydrocephalus and outlining the tumor in the posterior-superior third ventricle. The aqueduct of Sylvius is usually not seen; if visible, it is displaced downward.

3. VERTEBRAL ANGIOGRAPHY shows characteristic elevation of the posterior choroidal artery, best seen in the lateral view (Figure 6.63). As the tumor grows upward, the great vein of Galen, normally bowed downward, is displaced upward (Figure 6.62). Tumor staining is sometimes visible. Angiography also helps distinguish an aneurysm of the great vein of Galen, which must be recognized before surgery.

4. C.T. is excellent for diagnosing pineal-region tumors. Marked contrast enhancement clearly demonstrates their size and margins, as well as hydrocephalus and calcification (Figure 6.114). It may show ventricular dissemination or simultaneous ectopic pinealoma and a pineal-gland pinealoma (Figure 6.115).

5. MRI also clearly demonstrates tumor margins and hydrocephalus. The tumor is isointense on both T1- and T2-weighted images. Sagittal images are particularly useful in pineal-region disease, showing the relationships to the quadrigeminal plate, splenium, third ventricle, and vein of Galen.(83) Unlike C.T., MRI does not demonstrate calcification.

Original pages 718–719
Treatment

Several treatments are available for pineal gland tumors, depending on tumor type and size. Germinoma, pineocytoma, and pineoblastoma are radiosensitive. If tissue examination identifies one of these types, radiotherapy gives good results. Teratomas are radioresistant; irradiation is ineffective, and surgical removal is required. Complete removal of a large tumor, however, is difficult and highly dangerous.

The treatment options are:

1. Complete surgical removal, particularly for a benign, well-circumscribed teratoma, which is curable by total excision.

2. Biopsy or partial resection to reduce the mass and obtain a histological diagnosis, followed by a ventriculoatrial or ventriculoperitoneal shunt for hydrocephalus. Germinoma or pineoblastoma is then treated with radiotherapy; radioresistant tumors are not irradiated.

3. Ventriculoatrial or ventriculoperitoneal shunting followed by radiotherapy without surgical tissue diagnosis, relying instead on the location, common tumor types in this region, and appearances on C.T. and MRI, with subsequent C.T. monitoring. This approach is not particularly well justified, since it may expose the patient to irradiation without benefit.
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Surgical Removal of PINEAL GLAND Tumors

Complete removal of a pineal gland tumor is extremely difficult, hazardous, and associated with high mortality. Postoperative disability is frequent because the tumor adheres closely to the internal cerebral veins, great vein of Galen, basal veins of Rosenthal, quadrigeminal plate, aqueduct of Sylvius, third ventricle, and superior cerebellum, while the operative corridor is narrow. Consequently, complete removal has been possible in very few patients. The microscope and microsurgical instruments now permit total excision in a higher proportion. Several approaches are available; selection depends on the tumor's character, size, and location. Sagittal MRI clearly shows its position, size, and direction of growth and helps choose the approach. Three principal routes are used (Figure 7.58).

[image: Figure 7.58 Approaches to pineal gland tumors. 1. Parietal interhemispheric approach. 2. Occipital transtentorial approach. 3. Infratentorial supracerebellar approach.]AI-enhanced and colorized image · Switch to view the originalFigure 7.58 Approaches to pineal gland tumors.
1. Parietal interhemispheric approach.
2. Occipital transtentorial approach.
3. Infratentorial supracerebellar approach.
[image: Figure 7.59 Parietal interhemispheric approach to a pineal gland tumor. Note the division of the splenium of the corpus callosum and tentorium.]AI-enhanced and colorized image · Switch to view the originalFigure 7.59 Parietal interhemispheric approach to a pineal gland tumor. Note the division of the splenium of the corpus callosum and tentorium.
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1. PARIETAL INTERHEMISPHERIC APPROACH (Dandy Approach)(84)

This is suitable for tumors extending upward and bulging into the posterior third ventricle (Figure 7.59).

Technique. Seat the patient with the head moderately flexed and the body slightly reclined to place the tentorium horizontally. Make a right paramedian scalp incision approximately 1–1.5 inches from the midline, or a horseshoe incision. Reflect the scalp and perform a parieto-occipital craniotomy extending approximately 2 cm across the sagittal suture to the left. Before opening the dura, drain cerebrospinal fluid through a previously placed ventriculostomy to lower intracranial pressure; hydrocephalus is invariably present. Open the dura with its flap based on the sagittal sinus. Protect the relatively large parietal bridging veins. Gently separate the medial posterior parietal surface from the falx where no bridging vein is present. Some small, less important bridging veins may be coagulated and divided to widen retraction. Retract the parietal lobe with a self-retaining retractor until the splenium and tentorium are visible. Drainage of the hydrocephalic ventricles allows them to collapse, providing broad pineal exposure without excessive brain retraction. Incise the tentorium approximately 1 cm from the midline straight sinus, extending 3–4 cm posteriorly, and retract both edges with sutures. The great vein of Galen, posterosuperior to the tumor and running upward, becomes visible, with the cerebellum behind the tumor. Divide and separate the splenium along the midline for approximately 3 cm. Protect the internal cerebral veins on either side of the midline beneath the splenium, closely applied to the tumor's superior surface. The opaque white arachnoid membrane here must be divided to reveal these veins. The basal vein of Rosenthal lies lateral to the tumor. Open the tumor surface between the basal and internal cerebral veins, or behind the basal vein, where no major vessels lie. Aspirate, coagulate, and cut the tumor in small pieces from within toward its surface, reducing its size enough to separate its wall from the vessels. Do not attempt removal as a single intact mass, which is highly dangerous. In some cases, the microscope and microsurgical instruments permit complete removal.

The disadvantage is the narrow operative corridor. With the usual right-sided approach, only the central and right portions of the tumor and veins are readily visible. The left side and its veins are difficult to see because the lower falx edge, containing the inferior sagittal sinus, obstructs the view. Furthermore, the tumor's arterial supply from the posterior choroidal artery becomes visible only late in the operation and may be injured.
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2. OCCIPITAL TRANSTENTORIAL APPROACH (Poppen Approach)(85)

This is suitable for tumors extending posteriorly, compressing the cerebellum and displacing the splenium upward (Figure 7.60).

[image: Figure 7.60 Occipital transtentorial approach to a pineal gland tumor.]AI-enhanced and colorized image · Switch to view the originalFigure 7.60 Occipital transtentorial approach to a pineal gland tumor.
Technique. Use the sitting position with the occipital pole elevated so that little force is needed to separate the occipital lobe from the falx and tentorium. Perform a right craniotomy over the occipital pole and posterior parietal lobe. Extend it widely laterally to prevent the bone edge compressing the brain during lateral retraction. Medially, expose the superior sagittal sinus. After cerebrospinal fluid drainage, open the dura with its flap based beside the sinus. Gently retract the occipital pole and medial surface away from the falx and tentorium. Coagulate and divide the one or two occipital bridging veins usually draining into the lateral sinus. Once the tentorium is visible, use the operating microscope. There is no need for excessive retraction to expose the splenium. Incise the tentorium approximately 1 cm from the straight sinus for about half its length and suspend its edge with sutures. The superior cerebellar surface, great vein of Galen, and tumor become visible. Avoid touching this vein.

To approach the tumor, separate the cerebellum from the vein of Galen by dissecting the arachnoid close to the cerebellum. Do not dissect immediately beside the vein, which may tear. The arachnoid is thick, tough, and opaque centrally but thinner and easier to separate laterally. Continue laterally to the cleft between the tumor and thalamic pulvinar. During cerebellar dissection, the precentral vein entering the vein of Galen may be divided without loss of cerebellar function. This widens exposure as the cerebellum drops away from the vein of Galen. The tumor is then framed by the veins: the vein of Galen above and posteriorly, the basal vein of Rosenthal laterally, and the internal cerebral vein above. The tumor hides the third ventricle and quadrigeminal plate. These veins must not be torn or occluded by coagulation, as this may be fatal.

If the tumor is well circumscribed and noninfiltrative, begin resection at its posterior-right surface between the cerebellum and vein of Galen. Aspirate, coagulate, and cut from within outward to markedly reduce its bulk before separating the wall. The posterior choroidal artery is seen laterally near the pulvinar. Divide only its tumor-feeding branches.

With a very large tumor, only debulking may be possible. Do not attempt complete removal at the risk of disability or death.

For an infiltrative tumor, perform biopsy or partial resection and determine its histological type. Follow with radiotherapy if it is radiosensitive.
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3. INFRATENTORIAL SUPRACEREBELLAR APPROACH

This is suitable for tumors extending posteriorly and compressing the cerebellum, quadrigeminal plate, and aqueduct of Sylvius, with most of the mass below the tentorial edge (Figure 7.61).

[image: Figure 7.61 Infratentorial supracerebellar approach to a pineal gland tumor.]AI-enhanced and colorized image · Switch to view the originalFigure 7.61 Infratentorial supracerebellar approach to a pineal gland tumor.
Technique. Seat the patient with moderate neck flexion and the body leaning forward to bring the pineal gland into the surgeon's line of sight. Through a midline incision, perform a suboccipital craniectomy extending above the lateral sinuses and torcular Herophili and inferiorly to the foramen magnum. Drain ventricular cerebrospinal fluid through a previously placed ventriculostomy before opening the dura. Avoid tearing cerebellar bridging veins, except that those at the vermis and upper cerebellar hemispheres near the midline may be coagulated and divided. Gravity then allows the cerebellum to fall away from the tentorium,(87,86) widening the operative field without brain retraction. Upward tentorial retraction widens it further. Bring in the microscope, then dissect the arachnoid and remove the tumor as described for the second approach, beginning posteriorly.

This approach usually avoids injury to important brain structures, and no vein lies directly across the route to the tumor. Its disadvantage is poor access to extension into the third ventricle. In some patients, the tentorial edges obscure the superolateral tumor. It is therefore best suited to small tumors. Cerebellar swelling and postoperative ataxia may occasionally result from impaired venous drainage.
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ACOUSTIC NEURINOMAS

These benign tumors arise from Schwann cells surrounding the vestibular division of the eighth cranial nerve and are the commonest tumors of the cerebellopontine angle. They are usually unilateral but may be bilateral, particularly in von Recklinghausen's disease. They most often occur in middle age.
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Symptoms and Signs

Acoustic neurinomas have a distinctive clinical presentation, making diagnosis relatively straightforward after a careful history and examination. As discussed in Chapter 5, important structures in the cerebellopontine angle include cranial nerves V, VII, VIII, IX, X, and XI; the brainstem, cerebellum, and cerebellar peduncle; and the fourth ventricle and its outlets. Symptoms and signs reflect dysfunction of these structures.

Because these tumors grow very slowly, symptoms develop gradually. For clarity, their course may be divided into four stages.

Stage 1. Initial symptoms involve the eighth cranial nerve. Since the tumor arises from the vestibular nerve, patients experience vertigo and impaired balance, often after rapid changes in position. Episodes are brief, resolve, and recur. Tinnitus follows, with progressively diminished hearing on the tumor side until deafness develops, indicating cochlear nerve compression. The character of tinnitus varies between patients; it may be continuous or intermittent and disappears when the ear becomes completely deaf. Besides vertigo, tinnitus, and progressive hearing loss, some patients have dysesthesia or pain in the ear and mastoid region, probably from compression of the nervus intermedius within the internal auditory canal.(88) Others have no vertigo or tinnitus, only progressive hearing loss noticed while using the telephone.

Stage 2. As the tumor enlarges in the posterior fossa, it compresses neighboring cranial nerves V, VII, IX, X, and XI, most commonly V and VII. The fifth nerve is affected more often than the seventh, although the latter lies immediately beside the eighth. Patients report ipsilateral facial numbness, and examination shows loss of facial sensation and the corneal reflex. Facial pain is rare and usually has another cause. In the author's experience, acoustic neurinoma has never caused loss of trigeminal motor function. Sensory loss may result from compression of the nerve itself, its brainstem tract, or both. Facial motor function is usually preserved, with perhaps only slight flattening of the nasolabial fold. Clear facial nerve impairment appears only with very large tumors, indicating the substantial resistance of the motor components of cranial nerves V and VII to compression.

Stage 3. The enlarging mass compresses the cerebellum and cerebellar peduncles, producing incoordination, a gait veering toward the tumor, and slow, slurred speech. Horizontal nystagmus is usually present. Compression of the corticospinal and ascending brainstem tracts also occurs, causing contralateral spastic hemiparesis.

Stage 4. A very large tumor raises intracranial pressure through the combined effects of its bulk and obstruction of cerebrospinal fluid flow at the fourth ventricle, its outlets, the basal cisterns, and ambient cistern. Patients develop headache, blurred vision, vomiting, worsening ataxia, and progressive drowsiness, eventually becoming unconscious and dying without treatment.

Progression from stages 1 to 2 is slow, often taking years before specialist consultation. Progression from stages 3 to 4 is relatively rapid and prompts urgent medical attention.
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Diagnosis

A detailed history and examination are essential and usually establish the correct diagnosis because of the characteristic localizing syndrome. The initial eighth-nerve symptoms are particularly important. Vertigo, tinnitus, and progressive hearing loss should raise suspicion of acoustic neurinoma and prompt audiometry and radiological investigation, so that diagnosis is made while the tumor is still small.

Helpful investigations include:

1. AUDIOMETRY. An electronic audiometer measures hearing and distinguishes cochlear from retrocochlear (eighth-nerve) disease. Audiologists and ear specialists use pure-tone air and bone conduction, speech reception threshold, speech discrimination, tone decay, short-increment sensitivity index, alternate binaural loudness balance, and Békésy testing. Brainstem auditory evoked response (BSER) testing is a more recent addition. These tests permit accurate early diagnosis. Details may be found in neuro-otology texts.

Ordinary tuning-fork examination with the Rinne and Weber tests can distinguish conductive from sensorineural hearing loss but cannot localize it precisely, so audiometry is needed. Since the introduction of C.T. and MRI, neurosurgeons have paid less attention to audiometry because imaging demonstrates the tumor clearly. Other diagnostic investigations include:

2. Skull radiographs in Towne's and Stenvers' views, with tomograms of the internal auditory canals, show enlargement on the tumor side and often a funnel-shaped internal auditory meatus (Figure 6.20). Acoustic neuromas arising outside the canal may leave it normal.

3. CISTERNOGRAPHY. Air or Myodil is introduced into the lumbar subarachnoid space and directed into the basal cisterns and internal auditory meatus. Skull radiographs then demonstrate the tumor, particularly a small one. Both methods are now rarely used and are obsolete.

4. VERTEBRAL ANGIOGRAPHY adds little diagnostic benefit for acoustic neuroma.

5. COMPUTED TOMOGRAPHY. Contrast-enhanced C.T. clearly demonstrates the tumor, but lesions smaller than 1.5 cm or confined to the internal auditory canal may be missed and require MRI. Acoustic neurinomas appear hyperdense; large masses may have central cystic degeneration. Small tumors may remain invisible on conventional C.T. even after intravenous contrast. Introducing air into the lumbar subarachnoid space and directing it to the cerebellopontine angle before C.T. can display a small tumor beautifully (Figure 6.92). Sections through both internal auditory canals allow comparison: the affected canal may be enlarged and funnel-shaped, with the tumor itself also visible (Figure 6.116).

6. MAGNETIC RESONANCE IMAGING (MRI). This newest investigation clearly shows the tumor and its relationships to surrounding brain. Its advantage over C.T. is the detection of small tumors, particularly within the internal auditory canal, without obscuration by skull bone (Figure 6.125). When clinical findings suggest acoustic neurinoma but C.T. is negative, MRI should follow.
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Treatment

Acoustic neurinoma is benign but continually challenges surgical skill. Complete excision is the best treatment and is curative. Safe total removal without disability depends on tumor size, surgical expertise, microsurgical instruments, and the microscope. Size is particularly important: small tumors are easier and safer to remove. In Thailand, these tumors are generally large by the time patients reach a neurosurgeon, and postoperative facial nerve disability remains frequent. Earlier referral is now becoming more common because precise audiological tests, C.T., and MRI permit early diagnosis.

Small tumors. Masses no larger than 2 cm cause only eighth-nerve dysfunction, without signs of neighboring cranial nerve or brainstem involvement. Removal is easy because the nerves, vessels, and brainstem are clearly visible. Microsurgical instruments and the microscope permit complete excision without facial palsy and occasionally restore hearing.

Medium-sized tumors. At approximately 2–3 cm, the tumor begins to compress cranial nerves V and VII and the brainstem. The facial nerve becomes flattened and difficult to identify, increasing its vulnerability. Removal is more difficult and should always begin with intracapsular debulking. Reducing the mass then permits total removal while preserving the facial nerve.

Large tumors. Tumors larger than 3 cm are common in Thailand. They produce multiple cranial nerve, brainstem, and cerebellar signs, sometimes with hydrocephalus. Complete removal is very difficult and carries high mortality. In the author's opinion, a very large stage-4 tumor should not be completely removed in a single operation, because direct brainstem injury and damage to its vessels and the cranial nerves cause high mortality. No approach exposes every part of such a tumor satisfactorily, even after partial cerebellar hemisphere resection; operating without seeing the structures involved is dangerous. The author therefore prefers maximal intracapsular removal from within outward, leaving only a thin capsule. This decompresses the brainstem, cerebellum, and cranial nerves. Staying inside the capsule avoids injury to the facial nerve and brainstem. Patients may return to normal work for many years but require clinical follow-up and repeated C.T. If deterioration and C.T. indicate regrowth, repeat removal can be performed. Some surgeons disagree, wishing to avoid repeat surgery and believing that residual tumor causes hydrocephalus through elevated cerebrospinal fluid protein. They therefore attempt complete removal at the first operation without sufficient regard for immediate disability or death. Even a highly experienced neurosurgeon who removes a large tumor completely may still cause some postoperative disability.

Sheptak and Jannetta(89) reported improved results for large acoustic neurinomas using two-stage surgery. At the first operation, central and lateral tumor portions are removed for decompression, allowing the remaining medial portion to shift laterally into the space created. Two weeks later, a second operation removes the remainder.
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Operative Approaches

Several approaches to acoustic neurinoma are available, depending on tumor location and size. Small intracanalicular tumors may be approached through the middle fossa as described by House:(90) an extradural subtemporal exposure followed by removal of the roof of the internal auditory canal. Another option is the translabyrinthine approach,(91) using mastoidectomy and labyrinthectomy, then opening the dura anterior to the sigmoid sinus toward the internal auditory meatus to expose the intracanalicular tumor.

The author has never used the middle fossa or translabyrinthine approaches, because patients referred to the neurosurgical unit generally have large tumors already extending into the posterior fossa. Only the posterior fossa transmeatal approach has therefore been used.
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Posterior Fossa Transmeatal Approach

This approach consists of unilateral suboccipital craniectomy, opening the dura into the posterior fossa, and removing the posterior wall of the internal auditory meatus to expose the intracanalicular portion of the tumor. The posterior fossa approach has the following advantages:

1) It provides a sufficiently wide operative corridor.
2) Tumor dissection can be performed under direct vision on nearly every side except anteriorly.

3) The anterior inferior cerebellar artery and brainstem vessels can be seen.
4) The facial and other cranial nerves can be seen. If the facial nerve is divided, immediate repair may sometimes be possible.

Positioning. Either the sitting or lateral recumbent position may be used (see the beginning of this chapter). Both have advantages and disadvantages. Sitting gives the surgeon a direct view of the tumor at eye level, with easily understood anatomical relationships. Blood drains downward instead of pooling in the field. Its principal disadvantages are air embolism and the need to lift the cerebellar hemisphere against gravity, potentially bruising or tearing the brain. Hypotension is also more difficult to correct.

In the recumbent position the tumor can be seen without much cerebellar retraction, because the cerebellum falls downward under its own weight. Air embolism does not occur. However, anatomical relationships are harder to appreciate, looking downward strains the surgeon's neck—although a microscope can alleviate this—and bleeding tends to flood the operative field.

For acoustic tumor surgery in the sitting position, flex the head until the chin is approximately one fingerbreadth from the sternum. Ensure that neither the internal jugular veins nor the endotracheal tube is compressed. Turn the face toward the operative side to place the field directly before the surgeon. Flex both hips and knees and elevate the legs to increase central venous pressure. Before positioning, perform a venous cutdown and insert a catheter into the right atrium, permitting aspiration of air if an embolism is detected by a Doppler device placed over the precordium.

Incision. Make a vertical incision approximately 3 cm from the mastoid process and 10 cm long, with its upper end above the transverse sinus and its lower end slightly below the foramen magnum. Alternatively, use a paramedian or midline hockey-stick incision. Separate the muscles laterally to the mastoid edge; medially, dissection need not reach the midline. A large emissary vein at the mastoid edge must be securely sealed with bone wax. Perform a craniectomy approximately 4 cm wide, extending laterally to the sigmoid sinus. If mastoid air cells are opened, cover them completely with a sheet of bone wax. Superiorly, expose the transverse sinus; inferiorly, reach the foramen magnum, sometimes removing its rim. Medially, remove bone almost to the midline so that its edge does not compress the cerebellar surface during retraction. The essential point in acoustic tumor surgery is to extend the opening as far laterally as possible, shortening the route to the tumor and internal auditory canal and minimizing cerebellar retraction or the need to resect part of the cerebellum.

Before opening the dura, assess intracranial pressure. If elevated, drain CSF through the previously placed ventriculostomy tube until the dura relaxes. The author no longer performs ventriculostomy for acoustic tumor surgery, instead opening a small hole into the cisterna magna and draining CSF until pressure falls and the dura is slack. Open the dura in a curve following the lateral craniectomy edge, leaving a margin of approximately 0.5 cm for easy closure. Extend the incision superiorly almost to the transverse sinus and inferiorly to the foramen magnum. If greater cerebellar retraction is needed, a perpendicular transverse incision in the dura covering the hemisphere prevents its edge from pressing on the brain. Suspend the dural edges with sutures. Use a self-retaining retractor to lift the cerebellum upward and slightly medially, exposing the underlying arachnoid. Open the arachnoid from the foramen magnum toward the tumor, protecting the cranial nerves and the anterior inferior cerebellar artery and its branches. Allow CSF to escape until the brain relaxes; little retraction force is then needed to see the tumor at the internal auditory canal (Figure 7.65). Elevating the cerebellum reveals the following important anatomy (Figure 7.62).

[image: Figure 7.62. Important structures in the cerebellopontine angle. From Koos W.T., Spetsler R.F., Pendl G., Perneczky A., and Lang J., Color Atlas of Microneurosurgery.]Figure 7.62. Important structures in the cerebellopontine angle. From Koos W.T., Spetsler R.F., Pendl G., Perneczky A., and Lang J., Color Atlas of Microneurosurgery.
Cranial nerves IX, X, and XI are the first nerves seen on entering the cerebellopontine angle. The accessory nerve enters the posterior fossa through the foramen magnum, ascends against the dura, and turns laterally into the jugular foramen. The vagus and glossopharyngeal nerves emerge from the lateral medulla between the inferior cerebellar peduncle and the olive, then run laterally into the middle of the jugular foramen, with the inferior petrosal sinus anteriorly and the sigmoid sinus posteriorly. The glossopharyngeal nerve lies anterior to the vagus.

Cranial nerves VII and VIII emerge from the lateral brainstem at the lower border of the pons. The facial nerve is approximately 1–2 mm anterior to the acoustic nerve, and the flocculus lies behind both at their origin. Choroid plexus protruding from the foramen of Luschka lies posterior to the glossopharyngeal and vagus nerves, which are inferior to the facial and acoustic nerves. In the cerebellopontine angle, VII and VIII run laterally and slightly upward into the internal auditory meatus and canal, approximately 1 cm anterosuperior to the jugular foramen. Throughout their course from brainstem to canal, the facial nerve lies anterior and slightly inferior to the acoustic nerve. Thus, in acoustic tumors, the facial nerve usually lies anteroinferior to the mass, but this is not invariable and the surgeon must remain cautious. For this reason, the safest entry into the tumor is through its posterior capsule, avoiding injury to the facial nerve.

The nervus intermedius is a small nerve separate from the facial nerve. Together with the vagus and glossopharyngeal nerves, it conveys pain and touch from the external auditory canal.(92) It also carries taste from the anterior two-thirds of the tongue and controls secretion from the lacrimal and submaxillary glands. Rhoton(92) described an 8-mm proximal segment attached to the acoustic nerve, a 10-mm middle segment lying between the facial and acoustic nerves, and a distal segment joining the facial nerve. These anatomical and functional relationships may explain auricular hypesthesia when an acoustic neurinoma compresses this nerve.

Cranial nerve V, the trigeminal nerve, is seen approximately 1 cm anterior to the acoustic and facial nerves and is broader and larger than all the other nerves. Its motor branch is not visible during surgery because it runs anterior to the trigeminal nerve.

Cranial nerve VI, the abducens nerve, emerges from the anterior brainstem at the lower border of the pons and runs in front of the brainstem toward the cavernous sinus. It is usually little involved in acoustic tumor surgery, but a large mass displacing the brainstem may expose it, and it must be preserved.

Cranial nerve IV emerges from the dorsal midbrain, winds around its margin, and passes forward into the cavernous sinus beneath the tentorial edge. Protect it when a large acoustic tumor extends into the tentorial notch.

The vertebral artery enters the posterior fossa lateral to the medulla and anterior to the vagus and glossopharyngeal nerves. It then turns medially in front of the medulla to join its fellow at the pontomedullary junction, forming the basilar artery. This ascends in the midline anterior to the pons and divides at its upper border into the two posterior cerebral arteries. Just before its termination, it gives rise to the two superior cerebellar arteries.

The posterior inferior cerebellar artery arises from the vertebral artery beside the medulla and runs anterior to the accessory, vagus, and glossopharyngeal nerves.

The anterior inferior cerebellar artery (AICA) arises from the basilar artery and may pass anterior or posterior to the facial and acoustic nerves, or between them. It then courses posteriorly onto the middle cerebellar peduncle above the flocculus.(93) Sometimes its loop approaches or enters the internal auditory canal with the nerves. During tumor dissection, protect this artery, because its destruction causes brainstem infarction.(93)

The internal auditory or labyrinthine artery arises from the AICA loop. It is the sole arterial supply to the labyrinth and cochlea and must be preserved if hearing is to recover.

The superior cerebellar artery arises from the basilar artery before its division into the posterior cerebral arteries. It lies inferior to the oculomotor nerve, winds around the lateral midbrain posteriorly, and supplies the cerebellar hemisphere and vermis. When a large acoustic tumor extends into the tentorial notch, identify and preserve this artery to prevent cerebellar infarction.

Veins. Important veins that require protection during acoustic tumor surgery include the following.

The transverse sinus carries blood from the torcular Herophili, chiefly draining the supratentorial compartment, to the sigmoid sinus. Do not cut this sinus when opening the dura.

The sigmoid sinus continues from the transverse sinus along the posterior mastoid margin and exits through the jugular foramen into the internal jugular vein.

The petrosal vein is a bridging vein anterior to the acoustic tumor, draining the cerebellar hemisphere into the superior petrosal sinus. It may be coagulated and divided if necessary during dissection, but preservation is preferable.

The other veins of the brainstem and cerebellum should also be preserved.
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Tumor Removal

Acoustic neurinoma usually arises from Schwann cells of the vestibular nerve and always originates at the internal auditory meatus. It therefore commonly expands simultaneously into the internal auditory canal and posterior fossa, thinning the canal walls so that they are easily drilled away. C.T. helps determine how far laterally to remove the canal wall. Origin at the meatus displaces the facial nerve anteroinferior to the tumor and pushes AICA medially. The trigeminal nerve is displaced anteriorly beside the petrosal vein. In tumors larger than 2 cm, the medial surface compresses the pons, while nerves IX, X, and XI lie posteroinferior to the tumor. Keep these relationships constantly in mind during surgery. After opening the arachnoid and releasing CSF, retract the cerebellar hemisphere with a self-retaining retractor until the tumor and these structures are visible, then proceed as follows.

1. Identify cranial nerves IX, X, and XI and the jugular foramen posterior to the tumor. These are the first easily identified nerves. Cover them completely with cotton patties throughout the operation. Otherwise, blood from the tumor can obscure them and they may be injured during suction.

If a large tumor compresses these three nerves and they cannot be carefully separated, first debulk the tumor internally. The reduced mass then permits their separation. Injury to IX and X causes inability to swallow, aspiration, and hoarseness. Remove the protective cotton slowly: first thoroughly moisten it, then carefully separate it from the nerves. Otherwise, nerves adhering to the cotton can be pulled out and torn. It would be unfortunate to remove the tumor successfully only to leave the patient disabled through the surgeon's carelessness.

2. If cerebellar retraction does not adequately expose the tumor, cranial nerves, and brainstem, the lateral third of the ipsilateral cerebellar hemisphere may need to be resected without loss of function (Figure 7.63).

[image: Figure 7.63. Removal of the lateral third of the cerebellar hemisphere provides broad exposure of an acoustic neurinoma.]Figure 7.63. Removal of the lateral third of the cerebellar hemisphere provides broad exposure of an acoustic neurinoma.
3. Open the internal auditory canal with an electric drill. Incise the dura over the petrous bone in a semicircle whose diameter lies along the internal auditory meatus, always keeping clear of dural sinuses. Begin with a 4–5-mm burr, changing to smaller burrs as the canal is approached. Drill above the meatus, always moving upward from below, never downward from above: a slip could injure nerves and brain. Do not extend too far superolaterally, where the semicircular canal lies, or posteroinferiorly, where the jugular bulb lies. The curvature of the tumor's lateral border indicates the required lateral extent (Figure 7.64). After completing the superior portion, drill away the posterior wall.

[image: Figure 7.64. The intracanalicular tumor (small arrow) exposed by electrically drilling open the acoustic canal. Most of the tumor is intracranial (large arrow).]Figure 7.64. The intracanalicular tumor (small arrow) exposed by electrically drilling open the acoustic canal. Most of the tumor is intracranial (large arrow).
For a large tumor, the author prefers to finish opening the canal before removing the main mass, because the tumor protects the brain, nerves, and vessels should the drill slip (Figure 7.64). Keep cotton patties away from the drilling site: they can wind around the burr, startle the surgeon, and damage nerves by traction.

4. Tumor excision. The principles are: i) When the tumor occupies the internal auditory meatus and canal, open the canal. ii) Always enter through the posterior tumor surface to avoid injuring the facial nerve, which lies anteroinferiorly. iii) Remove tumor from inside outward to reduce its size before separating its surface from nerves, brainstem, and vessels. Strongly avoid attempting en bloc dissection. iv) Leave the capsule densely adherent to brain until last. If it cannot be separated from the brainstem, leaving only a thin layer protects the brainstem. v) The facial nerve is most easily found proximally near the brainstem and within the auditory canal.

The intracanalicular tumor is surrounded by thin dura. After opening the canal, incise this covering to expose the tumor, coagulate its surface vessels with bipolar forceps, open the capsule, and remove the contents using a microdissector, tumor forceps, tumor curette, and punch forceps. When little remains except the capsule, lift it and separate the nerves from its wall. Avoid grasping the nerves, which bruises them. Once they are separated, divide both ends of the nerve from which the tumor arises, completing removal. In small tumors, AICA is clearly visible and easily separated and preserved.

Large tumors obscure the proximal and distal acoustic and facial nerves, AICA, and brainstem. Apply the same principle of extensive internal debulking. An ultrasonic aspirator now facilitates this. Aspirate horizontally or along the direction of the nerves to reduce injury. The facial nerve is initially invisible in every case because it lies anteroinferiorly, and a large tumor flattens it against its wall. Do not begin facial nerve dissection at this point. After reducing the mass and dividing the AICA branches supplying it, lift the capsule edge. The facial nerve is most clearly identifiable near its brainstem origin and at the extreme lateral end of the tumor; if the tumor extends into the canal, the nerve can be found there. On identifying the vestibular nerve medially or laterally, divide it, then gently separate the tumor surface from the facial nerve. A few small fibers firmly attached to the tumor may be divided while preserving the bulk of the nerve. Do not grasp the facial nerve and push the tumor wall away from it: this bruises the nerve and makes functional recovery difficult.

After freeing the facial nerve, separate the tumor from the trigeminal nerve, proceeding from lateral toward the brainstem. This is easier because the tumor margin here is usually separate from the nerve and readily visible. Widely open the overlying arachnoid to identify and follow the trigeminal nerve. To do so, divide the lateral attachment of the tumor capsule and reflect it medially.

Finally, separate the capsule from the brainstem. Identify AICA branches supplying the tumor, coagulating and dividing them as close to the tumor as possible. Gradually separate the capsule from posterior to anterior. Small cotton patties supporting the tumor away from the brainstem help reveal the cleavage plane. At the middle of the pons, protect the trigeminal nerve. The tumor can eventually be removed. If it extends superiorly, protect the superior cerebellar artery running above it. Leave any portion inseparable from the brainstem, reducing it to a thin capsule. Insisting on total removal may damage the brainstem's blood supply or the brainstem itself.

After removal and secure hemostasis, close the dura tightly with a continuous suture, then close muscle and skin in layers.
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Postoperative Complications

In addition to the general surgical complications described at the beginning of this chapter, acoustic neurinoma surgery has several important specific complications: facial palsy, CSF leakage, and hydrocephalus. Facial palsy is the most frequent.

Facial palsy may be temporary or permanent. In either case, protect the cornea immediately on leaving the operating room. Without protection, keratitis or corneal ulceration may subsequently cause blindness. Protection consists of: i) an eye shield with a transparent center, excluding wind and dust while allowing vision. Do not use an eye pad: the eye remains open and corneal sensation is impaired, so rubbing by the fabric may cause ulceration. ii) Artificial tears to prevent dryness. iii) Temporary or permanent tarsorrhaphy as appropriate.

There are two forms of facial palsy after acoustic neurinoma surgery.

1. Immediate palsy is evident when the patient awakens from anesthesia. It results from division of the facial nerve or, if continuity remains, contusion or axonotmesis. A definitely divided nerve may be repaired by end-to-end anastomosis, or with a sural nerve graft if the ends cannot meet, immediately after tumor removal.(94) If intracranial repair is impossible, perform hypoglossal–facial anastomosis within 1–2 weeks.

If some continuity of the facial nerve is certainly preserved, observe for functional recovery for approximately 2–3 months. If none occurs, hypoglossal–facial anastomosis should be performed; even slight recovery warrants further waiting. Reasons for using the hypoglossal rather than accessory nerve are:(95) i) the tongue and face representations in the motor cortex are anatomically closer than those of shoulder and face; ii) facial and tongue muscles constantly act together in speech and eating, more than facial and shoulder muscles do; and iii) hypoglossal–facial anastomosis generally gives better results than accessory–facial anastomosis.

2. Delayed palsy appears approximately 2–3 days after surgery, results from facial nerve swelling, and is temporary. Await spontaneous improvement without further surgery. Facial function should therefore be examined as soon as the patient awakens, to establish whether paralysis was immediate—a distinction important for treatment decisions.

CSF leakage commonly occurs with hydrocephalus and elevated CSF pressure. Formerly it was frequent because posterior fossa closure involved suturing dura to muscle, leaving an opening through which CSF collected outside the dura. Poor wound healing together with hydrocephalus then permitted leakage. The author now closes the dura completely in its original position after tumor removal, reducing this risk.

The author has encountered CSF rhinorrhea following acoustic neurinoma surgery when mastoid air cells were opened. In one patient undergoing posterior fossa removal of an acoustic nerve tumor, lateral removal of occipital bone opened mastoid air cells, which were covered with a sheet of bone wax. After tumor removal, the dura and wound were closed in layers. Postoperatively, CSF rhinorrhea occurred whenever the patient sat up. Despite waiting 12 days for spontaneous closure, it persisted. Reopening the wound revealed an approximately 2-mm leak at the dural suture line. This was sutured closed, and the bone wax over the mastoid cells was replaced with a muscle patch. Rhinorrhea ceased immediately. CSF had passed through the opened mastoid cells into the middle ear, along the Eustachian tube to the nasopharynx, and out through the nostril. This complication does not occur unless the mastoid air cells are opened.

Hydrocephalus may precede surgery for a large tumor or develop afterward from blood left in the subarachnoid space during surgery or from brain swelling. Recovery is poor and progressive drowsiness may develop. Ventriculostomy or a V-P or V-A shunt drains CSF, lowers intracranial pressure, and prevents hydrocephalus from causing a CSF leak.
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Treatment Results

Small tumors can be completely removed while preserving facial nerve function, providing a cure (Figure 7.65). Cochlear nerve function sometimes recovers. For large tumors, attempts at total removal commonly leave every patient with disability and carry high mortality; facial palsy is the most frequent disability. Debulking while leaving only the capsule permits many years of survival without this disability, but the tumor eventually regrows, cure is not achieved, and another operation is required. Because the tumor is benign, this is considered preferable to immediate postoperative death or disability.

For medium-sized tumors, improved surgical instruments have increased the rate of complete removal with facial nerve preservation and permit cure.
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Meningiomas

As explained in the chapter on brain tumor pathology, meningiomas arise from arachnoid cells. Most therefore lie outside the brain, with a surface attached to the dura mater. They grow inward against the cortex and become embedded within surrounding cortex, causing focal symptoms according to the compressed region. A small number arise within a ventricle from the leptomeninges of the tela choroidea and choroid plexus.

Meningioma is benign and second in frequency to gliomas. It usually occurs in middle age and is more common in women. Favored sites include the parasagittal region, convexity, lesser sphenoid wing, olfactory groove, tuberculum sellae, tentorium, foramen magnum, and ventricles. Each produces characteristic focal symptoms and requires a different operative approach, as discussed below.

Growth is slow, so symptoms develop gradually over years before medical attention is sought. Because the tumor is well circumscribed and does not infiltrate brain tissue, complete excision is the principal means of cure. However, tumors at critical sites require constant consideration of possible functional loss and disability. Sometimes a portion must be left to preserve brain function.

[image: Figure 7.65. Small acoustic neurinoma. A. Tumor at the internal auditory meatus. B. Opening the acoustic canal permits complete removal while preserving the facial nerve. C. Normal postoperative facial muscle function.]Figure 7.65. Small acoustic neurinoma.
A. Tumor at the internal auditory meatus.
B. Opening the acoustic canal permits complete removal while preserving the facial nerve.
C. Normal postoperative facial muscle function.
Most meningioma blood supply comes from the external carotid artery through the dura attached to the outer tumor wall. The middle meningeal artery is particularly important and may enlarge greatly when supplying a convexity or parasagittal tumor over the frontal or parietal lobe. Its conspicuous enlargement on angiography helps establish the diagnosis. The internal carotid circulation supplying the brain contributes less. Dividing the dural tumor supply before dissection therefore substantially reduces blood loss. Fibrous meningiomas are less vascular than other types, permitting internal debulking with little bleeding and relatively uncomplicated surgery. Conversely, angiomatous (angioblastic) meningiomas are highly vascular: dissection may cause severe bleeding and hemorrhagic shock. Surgery is difficult and mortality high, making early interruption of feeding vessels at their origin necessary.

The degree of edema surrounding a meningioma depends on its size and location; large tumors cause more edema than small ones. The author frequently finds edema as extensive as that of glioblastoma multiforme or metastatic brain tumors when meningiomas lie parasagittally or in the Sylvian fissure. Compression of cortical veins and impaired venous drainage probably explain this surrounding edema (Figures 6.88 and 6.89).

A meningioma abutting the brain surface and attached to the dura may cause inward bony projections that indent the dura, providing sites through which arteries and veins pass. Diploic veins draining the tumor enlarge, and profuse bleeding here during craniotomy indicates the tumor's location(96) (Figure 7.66). Hyperostosis may also extend outward, sometimes forming an externally visible, hard, nontender skull swelling (Figure 7.67) that localizes the underlying tumor. Both scalp arteries and veins enlarge (Figure 7.67); the superficial temporal artery is larger and more strongly pulsatile than on the opposite side. Hyperostotic bone may or may not contain tumor. Infiltrating meningioma is usually central within the raised bone and is clearly demonstrated by C.T. (Figure 7.68). Most tumors do not extend outside the skull as a palpable soft mass, but occasionally a very large tumor penetrates the skull and forms a mass beneath the galea and scalp (Figure 7.69). Meningioma of the lesser sphenoid wing, particularly its lateral half, often causes temporal and orbital hyperostosis, producing unilateral exophthalmos and temporal swelling (Figure 6.17). This is commonly associated with meningioma en plaque and is an important sign. Hyperostosis is unrelated to histological type or tumor size and can occur anywhere, although it favors the parasagittal region.(96)

[image: Figure 7.66. A surface meningioma causes inward skull growth that presses upon the dura and underlying tumor. Note the numerous newly formed vascular grooves in the inner table.]Figure 7.66. A surface meningioma causes inward skull growth that presses upon the dura and underlying tumor. Note the numerous newly formed vascular grooves in the inner table.
[image: Figure 7.67. A hard mass near the vertex in a patient with meningioma. Note the enlarged scalp vessels leading toward it. A. Anterior view. B. Lateral view.]Figure 7.67. A hard mass near the vertex in a patient with meningioma. Note the enlarged scalp vessels leading toward it.
A. Anterior view.
B. Lateral view.
[image: Figure 7.68. Meningioma infiltrating the central portion of hyperostotic bone.]Figure 7.68. Meningioma infiltrating the central portion of hyperostotic bone.
[image: Figure 7.69. A large meningioma extending through the skull to form a soft mass over the forehead and eye.]Figure 7.69. A large meningioma extending through the skull to form a soft mass over the forehead and eye.
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Investigations

In addition to general symptoms and focal signs, investigations demonstrate characteristic features of meningioma and improve diagnostic accuracy. Before C.T. and MRI, skull radiographs and angiography were the principal investigations.

1. Skull radiographs show changes from raised intracranial pressure (see Chapter 6). Additional focal findings include: i) homogeneous tumor calcification; ii) hyperostosis adjacent to the tumor surface, involving the inner table alone or also extending outward, sometimes producing an externally visible swelling. The hyperostotic region may show a “sunray” appearance. Falx meningiomas do not cause hyperostosis because they do not abut the skull. iii) Occasionally adjacent bone is destroyed rather than thickened, leaving an irregular-edged defect. A lesser sphenoid wing meningioma may cause demineralization, making that wing less radiopaque than the unaffected side. iv) Vascular grooves in the inner table enlarge as the tumor's feeding vessels enlarge. The foramen spinosum may also enlarge, and neovascularization may be clearly visible at the tumor site.

2. ANGIOGRAPHY is very useful in diagnosing meningioma. With C.T. and MRI available it is now performed less often, principally to determine the location and caliber of important feeding arteries, tumor vascularity, and dural sinus occlusion. These findings guide surgery. For example, a large external carotid supply may require embolization or external carotid ligation. Angiography may also help when C.T. is inconclusive.

Characteristic angiographic features may be summarized as follows.

i) External carotid branches, particularly the middle meningeal artery supplying the tumor, become enlarged and tortuous, increasingly so near the tumor.

ii) A sunburst appearance radiates outward from a central point corresponding to the tumor pedicle at its dural attachment.

iii) Supply comes from both external and internal carotid arteries. External carotid angiography can establish the diagnosis definitively.

iv) Homogeneous tumor staining begins in the late arterial phase and persists into the venous phase. Staining is harder to see in skull-base or cerebellopontine-angle tumors.

v) Early venous drainage is uncommon except in angioblastic or malignant meningioma.

3. COMPUTED TOMOGRAPHY is the best investigation for diagnosing meningioma, demonstrating location, size, surrounding edema, calcification, bone changes, and brain displacement caused by raised intracranial pressure.

Generally, a noncalcified meningioma is slightly dense on unenhanced C.T. (40–80 Hounsfield units)(97) and markedly hyperdense after contrast injection (Figure 6.105). C.T. can also show tumor extending into the skull (Figure 7.68).

Peritumoral edema is regularly seen. Parasagittal tumors often produce more edema than those elsewhere, possibly because cortical veins are compressed or the superior sagittal sinus is invaded.

Important C.T. features of malignant meningioma are: i) poorly defined margins; ii) multiple projections into white matter; iii) extensive vasogenic edema; iv) skull destruction; v) absence of calcification; vi) necrosis causing heterogeneous enhancement; and vii) a mushroom-shaped mass or a large en plaque lesion.

4. MRI is the newest method and depicts meningioma clearly. It is inferior to C.T. for calcified tumors, however, because bone is poorly demonstrated. Meningioma shows relatively little difference in T1 and T2 relaxation times; small tumors may therefore be overlooked, particularly if calcified. Despite little distinction between T1 and T2 appearances, a low-attenuation rim is often seen around the tumor, representing CSF in the subarachnoid space. Furthermore, MRI provides multiple imaging planes and clearly demonstrates posterior fossa meningiomas, especially at the craniocervical junction.
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Symptoms, Signs, and Treatment by Meningioma Location

Meningiomas favor particular sites, including the parasagittal region, convexity, olfactory groove, sphenoid ridge, and posterior fossa. Each produces a characteristic syndrome, so their symptoms and signs are discussed separately. Treatment and operative techniques also differ by location and are likewise considered individually.
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A. Parasagittal and Falx Meningioma

These two locations are closely related to each other and to the superior sagittal sinus and are therefore discussed together. A parasagittal meningioma originates near the sinus wall, grows in the angle between the falx and convexity dura, and pushes the cerebral angle away from the sinus. A large tumor may extend along the falx and compress the corpus callosum and pericallosal artery, or spread along the convexity dura. It commonly extends through the superior sagittal sinus wall, narrowing or occluding the sinus (Figure 7.70), and often causes hyperostosis.

A falx meningioma originates on the falx away from the superior sagittal sinus, enlarging against the medial cerebral hemisphere, corpus callosum, and anterior cerebral artery. Some penetrate the falx and grow on both sides, forming a dumbbell tumor. This is surgically important: the opposite component must also be removed to achieve cure. Most are not visible immediately after craniotomy; the medial hemisphere must be separated from the falx to expose them. Their distance from the skull explains the absence of hyperostosis. A large tumor extending toward the brain surface may eventually reach the superior sagittal sinus.

[image: Figure 7.70. A parasagittal meningioma extending into and occluding the superior sagittal sinus.]AI-enhanced and colorized image · Switch to view the originalFigure 7.70. A parasagittal meningioma extending into and occluding the superior sagittal sinus.
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Symptoms and Signs

Tumors here may be divided by location and syndrome into anterior, middle, and posterior thirds of the superior sagittal sinus and falx. The anterior third extends from the crista galli to the coronal suture, the middle third from the coronal to the lambdoid sutures, and the posterior third from the lambdoid sutures to the torcular. The middle third is most commonly affected, followed by the anterior third; posterior-third tumors are least frequent.

Anterior-third parasagittal and falx meningioma causes no focal symptoms because it lies away from the motor and sensory speech centers, so the tumor is often large at diagnosis. Symptoms and signs develop slowly, chiefly personality, memory, and intellectual changes, indifference to surroundings, and headache from raised intracranial pressure. Seizures may occur, usually generalized rather than focal. A very large frontal tumor may produce ataxic gait or tremor with papilledema and be mistaken for a posterior fossa tumor.

Middle-third parasagittal and falx meningioma often presents with focal seizures for several years, followed by numbness and spastic weakness. The tumor irritates and compresses the leg areas of the motor and sensory cortex. Seizures usually begin in the foot and spread to the leg, arm, and face—marching or Jacksonian epilepsy. Generalized seizures often cause urinary incontinence because the micturition center lies here. Raised intracranial pressure is uncommon because symptoms usually appear before the tumor becomes large. Extension to the opposite side may cause spastic paraparesis resembling a thoracic spinal tumor. The distinction is straightforward: parasagittal meningioma lacks the sensory level of a spinal lesion and produces cerebral symptoms such as headache, vomiting, and focal seizures. A large tumor extending laterally may weaken the shoulder as well as the leg because the shoulder motor area lies near the vertex.

Posterior-third parasagittal and falx meningioma compresses the medial occipital surface. A large tumor produces homonymous hemianopia. A small tumor near the tentorium compresses the region below the calcarine fissure, producing homonymous superior quadrantanopia; one above the fissure causes homonymous inferior quadrantanopia. Slow growth often leaves patients unaware of their visual deficit, allowing the tumor to become large. Raised intracranial pressure is therefore more frequent than with middle-third tumors.
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Diagnosis of Parasagittal and Falx Meningioma

In addition to the history and localizing neurological signs, examination of the head and radiological studies improve diagnostic certainty.

A parasagittal meningioma may produce a hard swelling near the cranial midline (Figure 7.67), usually marking the underlying tumor. This is skull hyperostosis, sometimes containing meningioma tissue.

Skull radiographs may show focal hyperostosis or calcification outlining the tumor. Grooves in the inner table for middle meningeal branches supplying the parasagittal region enlarge, although these changes are usually absent in falx meningioma. Neovascularization may be visible over the tumor.

Angiography is important. Besides showing feeding vessels, tumor staining, and anterior cerebral artery compression, it reveals superior sagittal sinus occlusion by tumor invasion, collateral circulation, and the relationship of cortical veins to the mass. These findings are important surgically, especially for middle- and posterior-third parasagittal tumors, where the surgeon must decide how to manage the sinus. In falx meningioma, cortical vein positions likewise determine the route of approach.

C.T. and MRI are the best diagnostic studies, showing location, size, calcification, skull changes (hyperostosis), tumor extending into the skull, edema, and brain displacement from tumor pressure (see the chapter on investigations).
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Treatment of Parasagittal and Falx Meningioma

Removal of tumors in this region is difficult, requires technical knowledge, and carries substantial risk. Access is particularly difficult for falx meningiomas deep beneath the surface along the medial hemisphere. Important cortical veins and the superior sagittal sinus also obstruct the approach.

The following hazards of parasagittal meningioma surgery must always be considered.

1) Blood loss from scalp, vascular bone, dura mater, and the superior sagittal sinus, particularly near the torcular. In some cases, opening the skull alone results in loss of 4–5 bottles of blood. Appropriate prevention and hemostatic techniques must therefore be understood.

2) Extensive hyperostosis or tumor invasion of the affected bone makes craniotomy difficult. Lifting the bone flap may tear tumor and vessels, causing major blood loss.

3) Important large cortical veins entering the superior sagittal sinus must be preserved. Injury may cause disability or death. Dividing or ligating the middle third of the superior sagittal sinus may cause spastic diplegia; ligating and dividing its posterior third causes death from venous infarction, brain swelling, and raised intracranial pressure.
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Operative Technique

Positioning. Because the sagittal sinus lies in the midline, keep the face straight, varying the head's angle to the floor according to tumor location. For an anterior-third tumor, place the patient supine with the face straight, optionally elevating the head of the table slightly. For a middle-third tumor, use the supine position with moderate head flexion so that the tumor is uppermost, again slightly elevating the table head. Posterior-third tumors may be approached semisitting or semiprone. For semisitting, elevate the table head approximately 60°, moderately flex the head, keep the face straight, and secure the head with three-point skeletal fixation. Disadvantages are air embolism and increased susceptibility to cerebral ischemia during major blood loss; the semiprone position avoids these problems.

Incision. A straight incision perpendicular to the sagittal sinus may be centered over the tumor's diameter. The author prefers this because it can be extended in either direction, divides fewer vessels, bleeds less, and is easy to close. An anterior-third tumor may be exposed through a transcoronal incision. A conventional horseshoe incision is another option, but must cross the midline because the craniotomy may also need to cross it.

Craniotomy. Opening the skull for parasagittal meningioma is more dangerous than at other sites because bone, sinus, dura, and tumor may bleed profusely. If C.T. and angiography show neither hyperostosis nor invasion of bone and vascularity is modest, a routine bone flap is straightforward. Two precautions are important. First, when crossing the midline, place burr holes on both sides of the sagittal sinus and remove the intervening bone with a rongeur. Do not use a Gigli saw, which may injure the sinus. A unilateral tumor may not require a midline-crossing flap, but the bone edge must still be removed to expose the sinus. Place medial burr holes approximately 1–1.5 cm from the sinus and remove bone along the sagittal suture from the posterior to the anterior hole, exposing the sinus throughout. Second, separate bone carefully from dura and sinus to avoid tears. Bleeding here may arise from the sinus or arachnoid granulations and is venous. Apply Gelfoam to the bleeding point, cover with cotton, and press gently with a finger for a short time. Some points can be controlled with bipolar coagulation.

Hyperostosis, with or without tumor invasion, makes the opening harder and bloodier. Place multiple burr holes around the hyperostotic area and remove the bone between them circumferentially (Figure 7.71).

[image: Figure 7.71. Craniotomy for a highly vascular meningioma associated with hyperostosis.]AI-enhanced and colorized image · Switch to view the originalFigure 7.71. Craniotomy for a highly vascular meningioma associated with hyperostosis.
This frees the hyperostotic segment from the surrounding skull, making separation from dura, sinus, and tumor easier. The resulting bony gap also permits suture ligation of large dural vessels running toward the tumor, reducing its blood supply. Rapid completion of the craniotomy is another means of reducing blood loss.
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Tumor Removal

After opening the skull, palpate the dura to determine the tumor's extent; it feels firmer than the surrounding area. If the tumor is attached to the dural surface, the outer dura may show changes such as tumor tissue and newly formed vessels. Incise the dura along the tumor's outer margin toward the superior sagittal sinus, leaving the flap hinged at the sinus. If the tumor is not attached to the dura, open and separate the dura completely from its surface to display the relationship between the tumor and cortical veins. Firmly adherent dura need not be separated, but lifting the tumor may then tear a cortical vein near the superior sagittal sinus because the vein is hidden. Adherent dura is useful for traction: place a suture through both dura and tumor and weight the thread with an arterial clamp to lift the tumor away from the brain. If an important large cortical vein lies there, however, separate the dura from the tumor to expose the vein entering the sinus and avoid tearing it. Damage to these veins may cause neurological disability.

Begin dissection by dividing the arachnoid membrane circumferentially between the tumor margin and cortex, avoiding tears in cortical veins. For a relatively avascular tumor, coagulate its surface vessels and use an electrical loop to remove the interior piecemeal, creating a cavity and reducing tumor size. An ultrasonic aspirator, if available, now makes removal much easier, leaving only a thin tumor wall. Drawing this wall inward toward the cavity separates it readily from the cortex and permits convenient coagulation and division of feeding vessels. Inserting cotton patties between the cortex and tumor wall helps separate the tumor further. On reaching the sagittal sinus, take care not to damage cortical bridging veins. Remove the tumor completely from the sinus wall and falx. Coagulate any suspected remnant or excise the involved portion of falx. Tumor may adhere to a cortical vein and be difficult to dissect away. If further dissection risks tearing the vein, stop; leaving a small remnant attached to it may be safer. Small, unimportant veins may be divided.

The neurosurgeon often faces a difficult decision when tumor adheres to the superior sagittal sinus: remove the entire tumor together with the sinus to cure the disease and prevent recurrence, accepting the risk of disability or death, or merely dissect tumor from the wall of a still-patent sinus, leaving possible remnants that will regrow but with far less disability. The following principles apply to parasagittal meningioma attached to the superior sagittal sinus.

1) If tumor is attached to the sinus wall without entering its lumen and the sinus remains normally patent, as judged by inspection and venography, separate it from the wall wherever it lies along the sinus. Coagulate adherent remnants until charred to prevent recurrence. This does not prevent recurrence in every case; the author has seen tumors recur several years later. Nevertheless, this approach avoids the risks of disability and death.

2) If tumor extends into the anterior third of the superior sagittal sinus, the involved sinus may be excised safely whether or not it is completely occluded. Open the dura on both sides, clamp, divide, and suture-ligate the sinus anterior and posterior to the tumor, and remove the falx beneath that segment.

3) If tumor involves the middle or posterior sinus and enters its lumen without occluding it, do not remove the sinus with the tumor. This may cause cortical venous infarction, bilateral paralysis, or fatal cerebral swelling. Dissect the tumor only from the sinus wall, leaving the intraluminal remnant. This avoids risking disability and life, although recurrence or later sinus occlusion remains possible. Should the sinus subsequently become occluded by tumor, removing the occluded segment is no longer dangerous, even in its middle or posterior portion. It is essential, however, to preserve collateral cortical veins anterior and posterior to the occlusion.

The following examples illustrate removal of parasagittal meningioma.

Case 1. A 35-year-old patient had a parasagittal meningioma attached to the dura over the motor cortex. Focal and Jacksonian seizures began with jerking of the left leg, spread to the arm, and then became generalized, with loss of consciousness and urinary incontinence. Occasionally only the left leg jerked before the seizure stopped. Todd's paralysis followed seizures. There was no headache, blurred vision, or vomiting. Examination showed mild left-leg weakness but was otherwise normal. A right carotid angiogram demonstrated a parasagittal tumor in the leg motor area.

A straight incision approximately 15 cm long was made perpendicular to the superior sagittal sinus, passing through the tumor's center from left to right. A self-retaining retractor separated the scalp, and a craniotomy crossing the midline exposed the sinus. Opening the dura revealed a surface tumor attached to it. Newly formed capillaries in the dura supplied the tumor, a characteristic meningioma appearance (Figure 7.72A). A suture was placed through the dura over the tumor, and an arterial clamp was attached to the thread and allowed to hang downward, lifting the tumor slightly. The arachnoid between its margin and the cortex was then divided. As this dissection approached the sinus, additional arterial clamps increased traction, gradually rolling the tumor completely away from the cortex (Figure 7.72B). This requires little or no brain retraction. Because this tumor was relatively small, internal debulking was unnecessary. When rolling the dura and tumor over, protect cortical veins entering the sinus. If a vein tears, do not coagulate it: occlusion may cause cerebral swelling and disability. Instead, wrap a thin sheet of Gelfoam around it and cover briefly with cotton; bleeding stops while flow through the vein is preserved. An unimportant vein may be coagulated. After freeing the tumor from the vein, dissect and divide its attachments to the dura and sagittal sinus wall, then char all residual tumor there. Alternatively, incise the dura circumferentially around the tumor and remove both together. Near the sinus, leave a 0.5-cm dural cuff for suturing a dural graft. Carefully strip tumor from the sinus wall and destroy the remaining tissue with bipolar coagulation. Finally, close the dural defect with a pericranial graft.

[image: Figure 7.72. Operative views of a parasagittal meningioma. A. A surface tumor attached to the dura mater; note its numerous feeding capillaries. B. Traction on sutures through the dura and tumor separates the tumor from the cortex.]Figure 7.72. Operative views of a parasagittal meningioma.
A. A surface tumor attached to the dura mater; note its numerous feeding capillaries.
B. Traction on sutures through the dura and tumor separates the tumor from the cortex.
A large tumor must always be reduced in size first. Use an electrical loop to remove the interior outward in all directions until only a thin wall remains. Drawing this wall inward toward the cavity allows separation from the brain without destroying brain tissue. An ultrasonic aspirator makes internal removal faster, easier, and less dangerous than an electrical loop, and bleeding is easier to control. For a large parasagittal meningioma over the motor cortex, internal decompression down to a thin wall is particularly important because it minimizes cortical injury. Conversely, dissecting the tumor out as one piece usually impairs motor cortical function. In such cases, weakness of the opposite leg may be accompanied by shoulder weakness because their anatomical representations lie close together in the parasagittal region.

Case 2. A 40-year-old woman had a frontal parasagittal meningioma anterior to the motor cortex. She presented with headache, declining memory, and one generalized seizure with loss of consciousness. Neurological examination was normal except for early papilledema. C.T. showed a left frontal parasagittal tumor anterior to the motor cortex. Craniotomy exposed the superior sagittal sinus. Opening the dura revealed tumor at the cortical surface of the superior frontal gyrus, unattached to the dura. Its medial side adhered to the sinus wall. A large cortical vein lay against its posterior aspect, with no vein visible anteriorly (Figure 7.73A).

Removal required excision of the cortex covering the tumor. This cortex had no important function and had been thinned by tumor pressure. Enough brain had to be removed to expose the tumor margins, allowing easy removal without brain retraction. The large posterior vein required protection. After cortical excision, the attachment to the sinus wall became visible. Draw the tumor laterally and divide it along the sinus wall, carefully protecting the cortical vein that curves forward to enter the sinus. Once detached, the entire tumor can be removed (Figure 7.73B, C). Alternatively, dissect the tumor using suture traction weighted with arterial clamps as described above, finally dividing the remaining pedicle attached to the sinus.

[image: Figure 7.73. Parasagittal meningioma attached to the superior sagittal sinus. A. Superior frontal cortex covers the tumor, with a large cortical vein posteriorly. B. The extent of cortical excision permitting complete tumor removal while preserving the cortical vein. C. The meningioma specimen.]Figure 7.73. Parasagittal meningioma attached to the superior sagittal sinus.
A. Superior frontal cortex covers the tumor, with a large cortical vein posteriorly.
B. The extent of cortical excision permitting complete tumor removal while preserving the cortical vein.
C. The meningioma specimen.
Approaching a subcortical parasagittal meningioma by removing brain whose excision produces no clinical neurological deficit provides wide exposure with little retraction and a low risk of cortical vein injury. This is suitable for parasagittal tumors in the frontal lobe anterior to the motor cortex, parietal lobe, and occipital lobe. Choose a corridor without a large cortical vein and preserve the motor cortex.
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Falx Meningioma

Falx meningioma lies deep in the cerebral midline, covered by cortex. Access is difficult and dangerous because cortical bridging veins obstruct the approach and limit brain retraction (Figure 7.74). The craniotomy should cross the midline to expose the sagittal sinus. Open the dura with its hinge at the sinus, inspect the cortical veins, and select a route that preserves them. There are two approaches.

1) Retract the medial cerebral surface laterally without excising brain. Cortical veins may limit exposure. Dividing certain unimportant bridging veins may permit greater retraction. Draining CSF through a ventriculostomy also reduces the amount of retraction required.

2) Excise a corridor of brain as wide as the tumor, exposing it without retraction. This can be done in the frontal lobe anterior to the coronal suture or motor cortex. Choose a site without large cortical veins; small obstructing veins may be divided. If a large cortical vein crosses the middle of the tumor, remove brain anterior and posterior to it while preserving the bridging vein entering the sinus (Figure 7.75). This creates two small access corridors. Remove the tumor in small pieces, since extracting a large piece may tear the bridging vein.

[image: Figure 7.74. A falx meningioma expands against the medial surfaces of both cerebral hemispheres and is not visible from the brain surface.]AI-enhanced and colorized image · Switch to view the originalFigure 7.74. A falx meningioma expands against the medial surfaces of both cerebral hemispheres and is not visible from the brain surface.
[image: Figure 7.75. Excision of noneloquent brain overlying a falx meningioma to create an access corridor. A. Superior view of the brain. B. Section through the brain.]AI-enhanced and colorized image · Switch to view the originalFigure 7.75. Excision of noneloquent brain overlying a falx meningioma to create an access corridor.
A. Superior view of the brain.
B. Section through the brain.
During removal, preserve the anterior cerebral artery and its major branches beneath the tumor, which give off tumor feeders. Begin dissecting along the falx, using bipolar coagulation to interrupt dural feeding vessels. At the same time, remove tumor adjacent to the falx to create a channel allowing deeper access. On reaching its inferior margin, the tumor is detached from the falx. Next separate the tumor from the brain. Remove its interior piecemeal with an electrical loop to reduce its size and facilitate separation of the wall from cortex. Lift the anterior wall and push it posteriorly to expose the anterior cerebral artery and its branches. Coagulate and divide tumor feeders, finally freeing the mass (Figure 7.76A, B, C). Before using the electrical loop, inspect the angiogram for vessels running through the tumor, since the loop could divide them.

Alternatively, use scissors to cut the falx circumferentially along the tumor margin. Do not use electrical cutting, which may injure the opposite hemisphere. This interrupts the dural blood supply. After completing the falx incision, place sutures through the dura and tumor anteriorly and posteriorly for traction, exposing the anterior cerebral artery and its feeding branches. Coagulate and divide these branches to remove the tumor (Figure 7.77).

An ultrasonic aspirator now makes removal of such deep tumors easier and less dangerous. Begin aspiration adjacent to the falx to interrupt the blood supply, then work outward in all directions toward the tumor wall. Separate the wall from vessels and brain as described above.

Original pages 768–771
Bilateral Falx Meningioma

In bilateral falx meningioma (Figure 7.76A), do not attempt to divide the falx and dissect both sides out together. The author prefers first to remove the larger component by the method described above, creating access to the opposite component. Incise the falx around that tumor's margin; C.T. indicates the necessary extent. Once the falx has been cut circumferentially, use it for traction to separate the tumor from the opposite hemisphere's cortex. Identify the anterior cerebral artery and tumor-feeding branches as described above, then coagulate and divide those branches. The contralateral tumor can finally be lifted out (Figure 7.78).

[image: Figure 7.76. Removal of a falx meningioma proceeds as follows. A. Divide feeding vessels at the falx. B. Remove the tumor interior to reduce its size. C. Divide tumor-feeding branches of the anterior cerebral artery.]AI-enhanced and colorized image · Switch to view the originalFigure 7.76. Removal of a falx meningioma proceeds as follows.
A. Divide feeding vessels at the falx.
B. Remove the tumor interior to reduce its size.
C. Divide tumor-feeding branches of the anterior cerebral artery.
[image: Figure 7.77. Incising the falx around the margin of a falx meningioma.]AI-enhanced and colorized image · Switch to view the originalFigure 7.77. Incising the falx around the margin of a falx meningioma.
[image: Figure 7.78. Removal of the contralateral component of a falx meningioma.]AI-enhanced and colorized image · Switch to view the originalFigure 7.78. Removal of the contralateral component of a falx meningioma.
Original pages 771
B. Convexity Meningioma

This refers to a meningioma arising on the cerebral cortical surface, unattached to the superior sagittal sinus or falx and not situated on the underside of the brain. It may arise anywhere but commonly lies near the parasagittal region without attaching to the superior sagittal sinus. Approximately 70% of convexity meningiomas lie anterior to the Rolandic fissure.(106)

Original pages 771–772
Symptoms and Signs

These depend on tumor location. Frontal meningiomas anterior to the coronal suture are often large because this site rarely produces localizing symptoms. Instead, they cause raised intracranial pressure and personality changes.

Meningiomas over the motor and premotor cortex usually cause localizing symptoms, most often beginning with seizures affecting the limbs opposite the tumor. Jerking starts in the contralateral hand, arm, and face, with the eyes and head turning toward the convulsing side. Todd's paralysis follows. As the tumor enlarges, arm monoparesis gradually develops, followed by leg weakness. These changes progress slowly because the tumor is benign and slow-growing. A dominant-hemisphere tumor also causes dysphasia.

Parietal meningiomas often begin with sensory epilepsy caused by postcentral gyrus irritation. Patients describe an electric-shock sensation in the arm. Because this gyrus adjoins the motor cortex, limb jerking commonly accompanies it. A large tumor causes loss of parietal cortical sensation and, in the dominant hemisphere, receptive dysphasia.

Occipital meningiomas are very rare. When present, they are usually large and associated with raised intracranial pressure. Localizing signs include homonymous hemianopia. Some patients have seizures consisting of flashing lights, a visual hallucination.

Temporal meningiomas also commonly present as large masses causing raised intracranial pressure, contralateral facial and arm weakness, and various homonymous visual-field defects depending on location. Dominant-hemisphere tumors may cause dysphasia. Some patients have seizures affecting the opposite arm and face.

Original pages 772
Diagnosis of Convexity Meningioma

Diagnosis depends on the location-specific symptoms and signs described above. Because meningiomas grow slowly, symptoms evolve gradually and may take years to become obvious. This sometimes makes distinction from a benign glioma difficult, requiring additional features. A convexity meningioma may show:

1) Skull hyperostosis over the tumor, sometimes producing a hard bony swelling on the head (Figure 6.15).

2) Enlargement of scalp vessels directed toward the tumor (Figure 7.67).

3) Enlarged middle meningeal arterial grooves, neovascularization, calcification, and enostosis on skull radiographs.

4) Enlargement of the middle meningeal artery and its branches on angiography. Tumor staining begins in the arterial phase and persists into the venous phase; some tumors have a sunray appearance.

5) C.T. and MRI clearly show a mass attached to the convexity dura.

Original pages 772–780
Treatment of Convexity Meningioma

Meningiomas here are easier to remove than at other sites because they lie on the brain surface and their relationships are readily visible. Complete removal and cure are therefore usually possible. Exceptions are tumors in the Sylvian fissure and over the motor cortex near the superior sagittal sinus, where important large arteries and veins make removal difficult and dangerous.

The usual operative principles apply:

1) If the tumor adheres to the dura, incise the dura circumferentially close to its margin, interrupting feeding vessels and providing a means of traction to roll the tumor toward the brain surface.

2) If the tumor is large but not highly vascular, reduce its size internally, then separate its wall from the cortex and divide cortical vessels supplying it.

3) Apply traction to the tumor. Avoid excessive brain retraction, which may injure brain tissue.

4) Sweep a finger along the meningioma margin, clipping and dividing encountered vessels, then scoop out the tumor. This is a very crude technique for brain tumor surgery because it damages brain and vessels. Nevertheless, it removes the whole mass rapidly with little blood loss. It is an old method dating to Cushing and Dandy. Once the entire tumor has been removed, everything becomes quiet and bleeding stops. Thus, this technique is suited to a meningioma with uncontrollable bleeding, no operative progress, and continuous major blood loss without any sign of stopping. Reserve it as a last resort for convexity tumors outside important areas. Do not use it for meningiomas beneath the brain, where cranial nerves and major vessels may be injured.

The following cases illustrate convexity meningioma removal.

Case 1: Convexity meningioma over the left motor area. A 35-year-old woman had her first seizure, with jerking of the face, arm, and hand, while teaching. She remained conscious but could not speak during the seizure. Examination on arrival at hospital was normal. This history is important: a first seizure in an adult must always raise suspicion of a brain abnormality, here localizing to the facial motor area. Immediate investigation is required; anticonvulsants alone are insufficient. Among cerebral abnormalities, tumors are a common cause. Investigation demonstrated a mass in the facial motor cortex.

A large craniotomy was unnecessary because the seizure history and investigations indicated a small localized tumor. After opening the skull, the dura showed evidence of tumor attachment. Palpation defined its margins, and the dura was incised around them. Begin the incision away from the motor cortex to protect it. Once the tumor is visible, use a loupe or microscope to divide the intervening arachnoid accurately without damaging cortical vessels. After completing arachnoid dissection, suture and tie the dura together with the tumor, attaching an arterial clamp to the thread to lift the mass by its weight. Meanwhile, gently separate it from cortex, coagulating and dividing feeding vessels, until removal is complete. The same method can be used for a large surface convexity meningioma. Correct technique preserves cortex and cortical vessels (Figure 7.79). Patients can return to normal work and be cured. The surgeon's skill is therefore important in meningioma surgery.

[image: Figure 7.79. A large surface convexity meningioma can be removed completely without damaging cortex or blood vessels.]Figure 7.79. A large surface convexity meningioma can be removed completely without damaging cortex or blood vessels.
Case 2: Large subcortical frontal meningioma. This patient presented with raised intracranial pressure, memory impairment, and personality changes. Angiography showed a large right frontal tumor anterior to the premotor area. Its size required a wide craniotomy to display its margins and the local cortical and vascular anatomy. Opening the dura revealed tumor beneath the middle and inferior frontal gyri. The cortex covering its outer wall was markedly thinned by pressure and showed degenerative changes (Figure 7.80A).

The cortical opening must be wide enough to show the tumor margins while preserving healthy cortex. A linear incision would inadequately expose this large tumor. Instead, excise the thin cortex in a circle to expose the entire margin (Figure 7.80B). This adds no functional loss because compression has already rendered this tissue nonfunctional, and the cortex here has relatively little clinical importance. After cortical excision, internal pressure lifts the mass slightly. Upward traction allows easy separation from the underlying brain. Coagulate and divide vessels entering the tumor and insert cotton patties between it and the brain to support its elevation. The whole tumor can ultimately be removed without prior internal debulking.

Sometimes sutures must be placed at several tumor corners and weighted with arterial clamps (Figure 7.81A, B, C), as described earlier, to lift the mass out intact. These sutures provide traction for sequential separation from the brain.

This method suits a subcortical tumor close to the surface in a clinically silent area where the thinned cortex is already nonfunctional. Do not use it in important regions such as the motor area or speech center. There, preserve as much cortex as possible in the hope of postoperative functional recovery.

An ultrasonic aspirator now permits a smaller cortical opening. Aspirating the tumor interior in all directions reduces its size, after which its wall can be removed with very little brain injury, benefiting the patient. For a highly vascular angiomatous meningioma, major feeding vessels must be coagulated and divided before opening the tumor wall. Circumferential external dissection is therefore preferable to internal debulking intended to reduce its size. Internal removal causes major blood loss; this was the error in Case 3, which nearly killed the patient. Besides coagulating and dividing vessels entering the tumor wall, blood loss may be reduced by ligating external carotid branches identified as major feeders or by inducing intraoperative hypotension with sodium nitroprusside.

[image: Figure 7.80. Right frontal subcortical meningioma. A. The inferior and middle frontal cortical convolutions have been compressed and thinned. B. Removing the overlying cortex exposes the tumor and greatly facilitates removal.]Figure 7.80. Right frontal subcortical meningioma.
A. The inferior and middle frontal cortical convolutions have been compressed and thinned.
B. Removing the overlying cortex exposes the tumor and greatly facilitates removal.
[image: Figure 7.81. Removal of a subcortical meningioma. A. Wide excision of thinned, noneloquent brain exposes the tumor margins. B. Sutures weighted with arterial clamps at several points lift the tumor, facilitating easy, complete removal. C. Cerebral cortex after tumor removal.]Figure 7.81. Removal of a subcortical meningioma.
A. Wide excision of thinned, noneloquent brain exposes the tumor margins.
B. Sutures weighted with arterial clamps at several points lift the tumor, facilitating easy, complete removal.
C. Cerebral cortex after tumor removal.
Case 3: Angiomatous temporal meningioma. A 36-year-old woman had headache, blurred vision, and left facial numbness for one year. During the 2–3 months before admission, right-sided limb weakness and difficulty speaking developed. Examination showed mild motor dysphasia, papilledema, homonymous superior quadrantanopia, mild left ptosis, impaired left facial sensation, and right facial weakness (Figure 7.82A). A left temporal tumor was diagnosed. Left carotid angiography showed a large tumor supplied by both internal and external carotid arteries, indicating meningioma. The middle meningeal artery was enlarged and gave numerous tumor branches (Figure 7.82B, C), while the internal carotid contribution was small. The plan was to approach the middle meningeal artery first to interrupt the blood supply, then internally debulk the mass to facilitate safe separation from the middle cerebral artery. A frontotemporal craniotomy encompassed the whole tumor and exposed the Sylvian fissure. Temporal bone was removed low down to expose the proximal middle meningeal artery, but the large tumor prevented visualization of the foramen spinosum. Only visible branches could therefore be suture-ligated, partially reducing the blood supply. Opening the dura revealed a red-gray tumor unattached superiorly but adherent laterally. Bipolar coagulation was used to separate its wall from the dura and divide entering vessels. Its size made this difficult and prevented complete disconnection. Partial tumor removal was therefore attempted to create access to the proximal middle meningeal artery. This caused continuous bleeding and very slow progress. Despite induced hypotension, blood loss reached 15 bottles. Ultimately, however, the entire mass was removed and the patient recovered sufficiently to return home.

[image: Figure 7.82. A patient with a left temporal meningioma. A. Left ptosis and right facial weakness. B. Arterial-phase carotid angiogram showing middle meningeal arterial supply. C. Capillary-phase carotid angiogram showing tumor staining.]Figure 7.82. A patient with a left temporal meningioma.
A. Left ptosis and right facial weakness.
B. Arterial-phase carotid angiogram showing middle meningeal arterial supply.
C. Capillary-phase carotid angiogram showing tumor staining.
This case shows how a large tumor obstructs access to its feeding vessels. Failure to interrupt the proximal supply results in major bleeding during internal debulking. Had external carotid ligation in the neck been planned first, as suggested by the lateral angiogram, this complication would probably have been avoided and blood loss should have been much smaller.
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Case 4: Sylvian Meningioma

Meningiomas at this site are very difficult to remove because the middle cerebral artery and vein lie against their medial surface. Some extend into the posterior frontal region and anterior temporal fossa. Dominant-hemisphere tumors are especially difficult and require greater care because Broca's speech center lies near the Sylvian fissure.

A 40-year-old female vendor had headache and a heavy-headed sensation without vomiting for nine months. During the three months before admission, she collided three times with pedal tricycles on her left while cycling, sustaining minor arm injuries but no head injury. Two months later, she had two generalized seizures with loss of consciousness, beginning in the left face and spreading to the limbs. Examination showed early papilledema, left homonymous hemianopia, and mild left facial and arm weakness. A right temporal tumor was diagnosed. C.T. showed a large right Sylvian fissure mass whose lateral wall abutted the skull (Figure 7.83A). Carotid angiography demonstrated supply from both external and internal carotid arteries, characteristic of meningioma.

A frontotemporal craniotomy was required, with its anterior bony margin extending low to the lateral lesser wing to expose the tumor's anterior margin. The principles were the same as for meningiomas elsewhere. First, after opening the skull, ligate the middle meningeal artery as low as possible to interrupt the tumor supply, then open the dura. Identify the Sylvian fissure posterior to the tumor and correlate this with the middle cerebral artery's angiographic position. Protect these vessels throughout, particularly the Sylvian vein, whose division may cause fatal cerebral swelling. In this case, the middle cerebral artery was displaced upward and medially (Figure 7.83B). Do not dissect a meningioma here out intact, because Sylvian vessels are easily damaged. First remove its interior until it is greatly reduced and the vessels become visible, then carefully separate the remaining wall from them using a loupe or microscope. An electrical loop may be used, but readily endangers the middle cerebral vessels. Their angiographic position indicates a safe depth of removal; palpating the residual mass also helps.

[image: Figure 7.83. A. C.T. showing a large Sylvian meningioma. B. Carotid angiogram showing tumor staining.]Figure 7.83.
A. C.T. showing a large Sylvian meningioma.
B. Carotid angiogram showing tumor staining.
An ultrasonic aspirator is now well suited to tumors here and at the skull base. It safely removes the interior down to a thin wall, exposing small intratumoral vessels for easy bipolar hemostasis. Draw the residual wall upward, downward, or forward to reveal feeding branches from the middle cerebral artery. Coagulate and divide these with bipolar instruments to free the tumor.

Original pages 782
C. Olfactory Groove Meningioma

This meningioma arises at the junction of the posterior cribriform plate and planum sphenoidale.(107) The region produces few symptoms, so patients usually present with a large mass in the midline of the anterior skull base. Initially unilateral, the tumor subsequently expands to both sides.

Original pages 782–783
Symptoms and Signs

Its location places the olfactory nerve and prefrontal area at risk. Initially, anosmia develops on the tumor side and subsequently on the other side, but patients often fail to notice it for years. A large mass causes headache and blurred vision from raised intracranial pressure, together with personality and mental changes, impaired memory, and poor concentration. These changes are less severe than the dementia associated with a large frontal glioma. Some patients have generalized seizures. Posterior extension may cause Foster–Kennedy syndrome: compression of one optic nerve produces optic atrophy or blindness, while raised intracranial pressure causes contralateral papilledema.

Original pages 783–784
Diagnosis of Olfactory Groove Meningioma

The important clinical combination is unilateral or bilateral anosmia with personality change. Radiological abnormalities include:

1) Destruction of the cribriform plate or hyperostosis of the planum sphenoidale on skull radiographs.

2) C.T. and MRI are important, showing a large round mass in the midline of the anterior cranial fossa, with mild surrounding cerebral edema (Figure 7.84).

[image: Figure 7.84. C.T. showing an olfactory groove meningioma.]Figure 7.84. C.T. showing an olfactory groove meningioma.
3) Lateral carotid angiography shows upward and backward bowing of the frontopolar and anterior cerebral arteries (Figure 6.49). Because the tumor is midline, both vessels remain elevated in the midline. A unilateral tumor instead displaces them toward the opposite side. Feeding vessels include the anterior ethmoidal artery, anterior middle meningeal branches, and ophthalmic artery, entering at the midline of the anterior skull base. This is therefore the first point to approach surgically to interrupt the tumor blood supply.

Original pages 784–789
Treatment of Olfactory Groove Meningioma

Surgery may use a bifrontal or unilateral craniotomy. The author prefers a unilateral opening, which allows removal on both sides without dividing the superior sagittal sinus. An ultrasonic aspirator greatly facilitates this. For a midline mass, the author always opens on the right because it is the nondominant hemisphere and the surgeon is right-handed. For a unilateral tumor, open on that side; if bilateral but larger on one side, open on the larger side.

1) Unilateral frontal approach. Place the patient supine with the face turned approximately 45° away. Make a transcoronal incision and a frontal craniotomy extending down to the orbital rim and medially close to the midline. If the frontal sinus is opened, remove its mucous membrane, pack it with muscle, and suture pericranium over it as another layer. Reduce intracranial pressure with mannitol, hyperventilation, or, in some cases, frontal ventriculostomy to drain CSF. Open the dura and use a self-retaining retractor to gently elevate the lateral anterior frontal lobe upward and medially, exposing the orbital roof and lesser wing. This reveals the tumor's inferior margin at the cribriform plate and planum sphenoidale. Little frontal retraction is needed at this stage because work is confined to the skull base. Bipolarly coagulate and divide tumor attachments at the cribriform plate and planum to interrupt its feeding vessels. Then remove the interior with a cautery loop or, preferably, an ultrasonic aspirator. Use the anterior cerebral artery's angiographic position to judge how deep and posteriorly the loop may safely pass; intermittently palpating the remaining mass provides additional guidance. Remember that the anterior cerebral artery may be encased by tumor and could be divided by the loop. After substantial debulking leaves a thin wall, gently separate it from cortex and remove the wall on the approach side, leaving only the opposite component. Divide the falx attachment to the crista galli, then cut along the contralateral tumor margin. This exposes its posterior extension toward the tuberculum sellae and optic nerve. Do not dissect from anterior to posterior, which readily injures the optic nerve and vessels. Instead, follow the lesser wing medially to the anterior clinoid, a landmark for the optic nerve immediately medial to it. Separate and elevate the tumor wall, dissecting forward to expose the optic nerves, internal carotid artery, and anterior cerebral artery. Follow the latter toward the midline to establish its course, coagulating and dividing tumor-feeding branches to free it. Internal removal can then proceed more confidently without fear of injuring this artery. Use a loupe or microscope to separate tumor from the tuberculum sellae, both optic nerves, chiasm, and anterior cerebral artery. If exposure has been inadequate at any stage, some brain may be excised if necessary. The author considers extensive frontal lobectomy unnecessary and has never performed it, yet has achieved complete olfactory groove meningioma removal (Figure 7.85).

Debulk the contralateral component internally, or aspirate it ultrasonically, until only a thin wall remains. Separate this from the opposite frontal cortex to complete removal. Char residual tumor attached to the planum sphenoidale and cribriform dura with electrical coagulation. Cover the cribriform region with muscle and Gelfoam to prevent CSF rhinorrhea (Figure 7.86).

2) Bifrontal approach.(108) Place the patient supine, face straight, neck extended, and head slightly lowered so the frontal lobes fall away, reducing retraction. Make a transcoronal incision and bifrontal bone flap down to both orbital rims. Open the anterior dura bilaterally, suture-ligate and divide the superior sagittal sinus, and divide the falx. Both frontal lobes are exposed. Coagulate and divide any bridging veins, which are generally small. Use self-retaining retractors to separate the frontal lobes and expose the tumor (Figure 7.87). Debulk with a cautery loop or ultrasonic aspirator until only a thin wall remains. Turn the wall to expose its dural attachment, coagulate the wall and dural feeders, and divide the attachment. The posterior remnant often conceals the anterior cerebral artery and optic nerves. Draw its wall forward to expose them. This is difficult because the posterior frontal lobes cannot be separated widely; marked posterior tumor extension increases the difficulty. Gradual ultrasonic aspiration down to the wall, however, facilitates microscopic separation from the anterior cerebral artery, optic nerves, and chiasm. After complete removal, suture the dura and sagittal sinus together.

[image: Figure 7.85. Unilateral frontal approach to an olfactory groove meningioma. A. Route to the tumor base. B. Creating a narrow channel at the base and coagulating and dividing feeding vessels. C. Internal tumor reduction with an ultrasonic aspirator.]AI-enhanced and colorized image · Switch to view the originalFigure 7.85. Unilateral frontal approach to an olfactory groove meningioma.
A. Route to the tumor base.
B. Creating a narrow channel at the base and coagulating and dividing feeding vessels.
C. Internal tumor reduction with an ultrasonic aspirator.
[image: Figure 7.86. Removal of the contralateral olfactory groove meningioma component after removal of the right-sided component.]AI-enhanced and colorized image · Switch to view the originalFigure 7.86. Removal of the contralateral olfactory groove meningioma component after removal of the right-sided component.
[image: Figure 7.87. Bifrontal approach to an olfactory groove meningioma.]AI-enhanced and colorized image · Switch to view the originalFigure 7.87. Bifrontal approach to an olfactory groove meningioma.
This method exposes both sides of the tumor simultaneously and avoids frontal lobectomy, but has several disadvantages:

1) Bridging veins entering the sinus must be divided.

2) Both frontal lobes require retraction, causing bilateral contusion.

3) Access to the posterior tumor is narrow, making separation from the anterior cerebral artery and optic nerves difficult. It is therefore not a particularly good method.

Original pages 789
D. Tuberculum Sellae Meningioma


Original pages 789–790
Symptoms and Signs

Tuberculum sellae tumors are usually relatively small because their proximity to the optic nerves and chiasm causes visual disturbances resembling those of pituitary adenoma, namely bitemporal hemianopia. Patients therefore seek medical attention earlier than with meningiomas elsewhere. Untreated, both eyes become blind. The commonest pattern is unequal visual loss: acuity declines or the field narrows in one eye first, later involving both.(107,109) (Figure 7.88) Because the tumor is relatively small, there are no symptoms of raised intracranial pressure.

[image: Figure 7.88. Gradual growth of a tuberculum sellae meningioma damages the optic nerve, chiasm, and pituitary gland.]AI-enhanced and colorized image · Switch to view the originalFigure 7.88. Gradual growth of a tuberculum sellae meningioma damages the optic nerve, chiasm, and pituitary gland.
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Diagnosis

In addition to the symptoms and signs above, radiological investigations establish the diagnosis by showing:

1) Skull radiographs may reveal tuberculum sellae hyperostosis (Figure 7.89). Because the tumor arises above the sella and rests on the diaphragma sellae, the sella turcica remains unchanged. Impaired acuity and abnormal fields together with tuberculum hyperostosis and a normal sella turcica therefore permit a diagnosis of tuberculum sellae meningioma with almost 100% certainty.

2) Anteroposterior angiography shows elevation of the anterior cerebral artery's A1 segment (Figure 7.90). Lateral views may show upward and posterior bowing of its proximal segment and downward displacement of the internal carotid artery. Feeders from the ophthalmic, posterior ethmoidal, and middle meningeal arteries may also be visible.

3) C.T. clearly shows the size and characteristics of a hyperdense mass at the tuberculum sellae (Figure 7.91).

4) Sagittal MRI clearly displays the meningioma and its relationship to the optic nerve.
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Treatment of Tuberculum Sellae Meningioma

The optic nerves, chiasm, internal carotid artery, and anterior cerebral artery require particular care during surgery. A large tumor extending posteriorly may encase them, making removal dangerous.

Approach through the right, nondominant hemisphere. Position the patient supine with the right shoulder elevated and face turned left approximately 30°. Make a transcoronal incision and frontotemporal craniotomy with its anterior margin as close as possible to the right orbital rim. Reduce intracranial pressure before opening the dura. Approach as for a pituitary tumor: retract the frontal lobe with a self-retaining retractor to expose the orbital roof and lesser wing, then follow the latter to the anterior clinoid process. Here the tumor margin and optic nerve, medial to the clinoid, become visible. The anterior cerebral artery lies behind the tumor. Divide the arachnoid over the optic nerve, chiasm, and anterior cerebral artery. If the tumor is small with little posterior extension, separate it from these structures and protect them with cotton patties. A large mass requires internal reduction first. Begin by coagulating and dividing its dural attachment to interrupt the blood supply, then remove the interior with a small cautery loop. Carefully study the anterior cerebral artery's angiographic position beforehand to avoid injury. An ultrasonic aspirator is preferable, removing tumor down to a thin wall without the loop's risk of cutting the artery. When using a cautery loop, work from anterior to posterior and stop near the posterior wall. Draw that wall forward to expose the anterior cerebral artery and its branches, coagulating and dividing any tumor feeders. After separation, remove the entire wall from the tuberculum sellae and electrically coagulate all residual tumor on the dura (Figure 7.92).

[image: Figure 7.89. Tuberculum sellae hyperostosis in a patient with meningioma.]Figure 7.89. Tuberculum sellae hyperostosis in a patient with meningioma.
[image: Figure 7.90. Carotid angiogram showing elevation of the anterior cerebral artery and lateral displacement of the internal carotid artery.]Figure 7.90. Carotid angiogram showing elevation of the anterior cerebral artery and lateral displacement of the internal carotid artery.
[image: Figure 7.91. C.T. showing a tuberculum sellae tumor, histologically confirmed as meningioma.]Figure 7.91. C.T. showing a tuberculum sellae tumor, histologically confirmed as meningioma.
If tumor is firmly attached to the optic nerve, chiasm, or optic nerve vessels and cannot be completely separated, a thin remnant may be left to preserve optic nerve function. Conversely, attempting total removal at the expense of these vessels or the nerve itself may cause postoperative blindness.

In the author's experience, visual recovery after tuberculum sellae meningioma surgery has been disappointing, particularly for large tumors. Vision often worsens postoperatively because prolonged compression has already flattened and rendered the optic nerves and chiasm ischemic. Attempts at dissection then commonly worsen vision. The surgeon should explain this possible outcome to the patient.

[image: Figure 7.92. Surgery for a tuberculum sellae meningioma through a unilateral frontal approach.]AI-enhanced and colorized image · Switch to view the originalFigure 7.92. Surgery for a tuberculum sellae meningioma through a unilateral frontal approach.
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e) SPHENOID RIDGE MENINGIOMA

The sphenoid ridge forms part of the boundary between the anterior and middle cranial fossae. It lies close to the anterior Sylvian fissure and thus separates the frontal and temporal lobes. The medial two-thirds of the ridge is the lesser wing of the sphenoid bone, ending at the anterior clinoid process. The lateral third belongs to the greater wing and meets the frontal, temporal, and parietal bones at the pterion. Cushing divided sphenoid ridge meningiomas into three groups according to their site of origin: the inner third (inner or clinoidal), middle third (middle or alar), and outer third (outer or pterional) (Figure 7.93). With this classification, it may be difficult to distinguish middle-third from outer-third meningiomas by symptoms and signs alone. Inner-third tumors, however, are usually recognizable because cranial nerve abnormalities are relatively prominent. Sphenoid ridge meningiomas may therefore be divided into two clinical groups, inner and outer, which differ in their manifestations and require different operative planning and techniques. Nevertheless, very large tumors at either site may produce overlapping manifestations.

[image: Figure 7.93 Three sites of sphenoid ridge meningioma. 1. Inner third of the sphenoid ridge (inner or clinoidal). 2. Middle third of the sphenoid ridge (middle or alar). 3. Outer third of the sphenoid ridge (outer or pterional).]AI-enhanced and colorized image · Switch to the original imageFigure 7.93 Three sites of sphenoid ridge meningioma.
1. Inner third of the sphenoid ridge (inner or clinoidal).
2. Middle third of the sphenoid ridge (middle or alar).
3. Outer third of the sphenoid ridge (outer or pterional).
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Symptoms and signs

The manifestations of sphenoid ridge meningioma may be divided into two groups.

1) INNER SPHENOID RIDGE MENINGIOMA These tumors arise close to the optic nerve, chiasm, oculomotor, trochlear, abducens, and trigeminal (V1,V2) nerves, cavernous sinus, superior orbital fissure, internal carotid artery, and its branches. The presenting symptom is therefore gradually progressive visual loss in the eye on the side of the tumor, developing over years. Fundus examination shows primary optic atrophy on the side where the optic nerve is compressed. Various visual field defects may occur, depending on which portion of the optic nerve is compressed: nasal hemianopia from lateral compression of the nerve, for example, or blindness in the ipsilateral eye. Temporal hemianopia in the opposite eye indicates associated chiasmal compression. As the tumor enlarges it compresses adjacent cranial nerves, including the oculomotor, trochlear, abducens, and trigeminal nerves. The oculomotor nerve is affected more often than the others. Some patients report facial pain or numbness in the distribution of V1. When the tumor is large, mild exophthalmos and chemosis may occur, either from impaired venous drainage from the eye into the cavernous sinus or from tumor extension into the orbit. If the tumor causes raised intracranial pressure, Foster–Kennedy syndrome may be present: primary optic atrophy on the side of the tumor and papilledema in the opposite eye.

2) OUTER SPHENOID RIDGE MENINGIOMA Tumors in this region do not cause the cranial nerve palsies described in the first group because they lie farther laterally. Patients are consequently often diagnosed only when the tumor is very large and produces manifestations of raised intracranial pressure, including headache and papilledema. There may be no localizing signs. However, extension toward the frontal and temporal lobes may cause seizures in some patients. A large mass may cause contralateral facial weakness, and a tumor in the dominant hemisphere may also produce motor dysphasia.

Meningiomas in this region take two forms: a discrete mass (en masse) or a sheet spreading along the dura (en plaque). The former is more common and usually produces little hyperostosis. Although less common, the en plaque type may produce very marked hyperostosis of the sphenoid, orbital bones, and bones around the pterion.(111,112) Patients develop gradually progressive, nonpulsatile proptosis. Severe cases may also have swelling of the eyelids and conjunctiva, and the temple may appear fuller than on the opposite side. Proptosis results from reduction of the orbital space as its walls thicken through hyperostosis, as well as impaired venous drainage into the cavernous sinus. En plaque meningiomas usually do not produce focal cerebral signs because they spread along the dura instead of forming a large round mass compressing the brain. In a few cases, medial extension causes loss of function of the nearby cranial nerves, as in inner sphenoid ridge meningioma.
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Diagnosis of sphenoid ridge meningioma

A tumor at the medial end of the lesser wing produces a history of slowly progressive loss of optic, oculomotor, and trigeminal (V1) nerve function, with or without unilateral exophthalmos. Laterally situated meningiomas may produce no signs. However, gradually progressive exophthalmos and temporal bulging should suggest a meningioma in this region rather than another lesion.

Investigations supporting the diagnosis include:

1) Skull radiographs were important before CT became available but are now seldom obtained. They show hyperostosis of the lesser wing, anterior clinoid, or pterion. This is best seen on an anteroposterior skull view with the lesser wing projected in the middle of the orbit. In some cases, erosion is seen instead of hyperostosis.

2) ANGIOGRAPHY makes the diagnosis more definite by showing displacement of the internal carotid, middle cerebral, and anterior cerebral arteries, depending on the site of the tumor.

A tumor at the medial end of the lesser wing that grows upward from below elevates the proximal middle cerebral artery and internal carotid artery (Figure 6.66). If it arises above the lesser wing, the internal carotid artery and its bifurcation are displaced downward and backward. The internal carotid artery may be encased by the tumor, producing focal narrowing and segmental irregularity. Tumor staining and feeding vessels may also be seen.

A tumor at the lateral end of the lesser wing elevates and displaces the horizontal segment of the middle cerebral artery backward (Figure 7.101). A large mass also displaces the internal carotid artery medially.

3) CT and MRI clearly demonstrate the location and extent of the tumor. CT shows an enhancing hyperdense mass attached to the sphenoid ridge.
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Treatment of sphenoid ridge meningioma

The following important points must always be considered during surgery:

1) The internal carotid and middle cerebral arteries may be encased by the tumor (Figure 7.94). Tumor removal may therefore injure either artery. Carotid angiography should always be performed before surgery to establish whether the vessels lie within or outside the tumor and guide the surgeon’s dissection. With an ultrasonic aspirator, this problem is reduced, as illustrated below, because tumor can be aspirated without injuring the vessels. Angiography also identifies feeding arteries, such as the middle meningeal artery, and helps determine whether the external carotid artery should be ligated before tumor removal.

2) The optic nerve may be displaced or encased by the tumor. Attempts to dissect tumor from the optic nerve may cause blindness. If separation is impossible, a thin layer of tumor may be left on the nerve’s surface.

3) The oculomotor nerve is particularly liable to injury because it lies closely against the underside of the tumor.

[image: Figure 7.94 Inner sphenoid wing meningioma encasing the optic nerve and internal carotid artery.]AI-enhanced and colorized image · Switch to the original imageFigure 7.94 Inner sphenoid wing meningioma encasing the optic nerve and internal carotid artery.
4) Injury to the Sylvian vessels may be fatal. Tearing of the Sylvian vein must be prevented.

5) Complete removal of a medial lesser-wing tumor may be impossible without injuring the hypothalamus, vessels, or nerves. In such cases, resection should stop at that point.

Operative technique. Place the patient supine with the face turned approximately 60° away from the tumor. Elevate the shoulder on the operative side to prevent vascular compression from neck rotation. Perform a frontotemporal craniotomy with the medial edge of the bone flap approximately 2 cm from the midline and its lower edge sufficiently low to expose more of the anterior temporal lobe. Anteriorly, the opening should extend down to the orbital rim, as for tuberculum sellae meningioma. After opening the dura, elevate the frontal lobe along the lesser wing until the tumor is seen. If the tumor is not large, the subarachnoid space around the optic nerve may be accessible. Open the arachnoid and aspirate CSF to relax the brain and facilitate retraction. If the prechiasmatic cistern cannot be seen, perform ventricular drainage.

For an inner sphenoid ridge meningioma, identify the optic nerve, internal carotid artery, and its bifurcation. If exposure is inadequate, divide the arachnoid at the medial Sylvian fissure to separate the frontal and temporal lobes more widely. Resection follows two principles: interrupt the blood supply and reduce the bulk of the mass. I prefer to coagulate and divide the tumor’s attachment along the lesser wing, proceeding from lateral to medial as far as the anterior clinoid process. This avoids injury to the internal carotid artery and optic nerve because their positions here are constrained by bone and do not change. Once the internal carotid artery is identified, dissect tumor from it and from the optic nerve, proceeding from proximal to distal with microsurgical instruments and the operating microscope. After locating the internal carotid artery, look for the middle cerebral artery, usually situated above and behind the tumor. It can be identified distally near the medial Sylvian fissure and followed medially for a clear view. Once the vessels are clearly seen, remove tumor internally with loop cautery or an ultrasonic aspirator, leaving a thin wall. Do not use the loop at the upper posterior part of the tumor, where it might divide the middle cerebral artery. Then turn the residual tumor wall in various directions to expose and separate the vessels and optic nerve from it (Figure 7.95)
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Case 1: Inner lesser wing meningioma; incomplete removal with complications

A 38-year-old man presented with progressively blurred vision in the left eye and radiating pain in the left orbit for one year. Six months before admission he developed diplopia and left ptosis, together with increasing prominence of the left eye. Examination showed mild left exophthalmos and left ptosis (Figure 7.96). Visual acuity was 20/20, 6/36. The left optic disc was slightly pale. The left pupil was dilated and unreactive to light, with paralysis of the extraocular muscles supplied by the oculomotor nerve. Left corneal sensation was reduced. CT showed a tumor at the medial end of the left lesser wing. Coronal images showed encasement of the internal carotid artery (Figure 7.97 A, B). Carotid angiography showed superior and medial displacement of the internal carotid artery. The middle cerebral (M1) and anterior cerebral artery (A1) were elevated (Figure 6.66).

[image: Figure 7.95 Operation for inner sphenoid wing meningioma. A. Coagulation and division of the tumor attachment along the lesser wing and anterior clinoid to expose the internal carotid artery and optic nerve. B. Internal tumor debulking with loop cautery or an ultrasonic aspirator, followed by separation of the tumor wall from the internal carotid artery and optic nerve.]AI-enhanced and colorized image · Switch to the original imageFigure 7.95 Operation for inner sphenoid wing meningioma.
A. Coagulation and division of the tumor attachment along the lesser wing and anterior clinoid to expose the internal carotid artery and optic nerve.
B. Internal tumor debulking with loop cautery or an ultrasonic aspirator, followed by separation of the tumor wall from the internal carotid artery and optic nerve.
[image: Figure 7.96 Left ptosis and pupillary dilatation with mild left exophthalmos in a patient with inner sphenoid wing meningioma.]Figure 7.96 Left ptosis and pupillary dilatation with mild left exophthalmos in a patient with inner sphenoid wing meningioma.
[image: Figure 7.97 CT of inner sphenoid wing meningioma. A. Axial view. B. Coronal view. Note tumor encasement of the internal carotid artery (arrow).]Figure 7.97 CT of inner sphenoid wing meningioma.
A. Axial view.
B. Coronal view. Note tumor encasement of the internal carotid artery (arrow).
A frontotemporal craniotomy was performed, using the approach described above. The tumor encased the internal carotid artery and compressed the optic nerve from above and laterally. Dissection along the lesser wing and anterior clinoid exposed the internal carotid artery, permitting separation of tumor from the upper surfaces of the artery and optic nerve under the microscope. Once their courses were identified, internal debulking with an ultrasonic aspirator or loop was continued posteriorly, because CT showed extension toward the left cerebral peduncle. The tumor wall was then reflected forward to expose the oculomotor nerve and separate it from the tumor. Anteriorly, the nerve was firmly adherent, so further dissection was stopped. Tumor in this region was nevertheless thinned to a small residual wall to reduce pressure on the nerve. Separation from the optic nerve was easy because the nerve was not encased. Separation from the internal carotid artery was very difficult, however. Traction and instrumentation provoked arterial vasospasm, necessitating termination of the operation. Postoperatively, vision improved but ptosis increased. Transient right hemiparesis occurred, followed by recovery of normal strength.

This case reminds the surgeon that complete removal of inner lesser wing meningioma is difficult and that attempts at total removal often produce complications involving the internal carotid artery, optic nerve, or oculomotor nerve. Continuing dissection despite internal carotid vasospasm in this patient might have caused permanent hemiplegia. Because the lesion was in the dominant hemisphere, speech could also have been lost. Leaving a remnant of a very slowly growing meningioma with little disability is preferable to complete removal at the cost of severe disability.
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Case 2: Sub-lesser wing and parasellar meningioma; complete removal

A 39-year-old woman had a history of headache and right orbital pain for two months. The right orbital pain subsequently increased, with blurred vision and occasional diplopia. One month before admission she developed right ptosis and right facial numbness. Neurological examination showed visual acuity of 20/200, 20/20, normal visual fields, and no optic atrophy or papilledema. There was mild right ptosis and weakness of the medial rectus, inferior rectus, superior oblique, and inferior oblique muscles. The right pupil measured 3 mm and reacted sluggishly; the left measured 2 mm and reacted briskly. There was right facial numbness in the V1 distribution of the trigeminal nerve.

These findings constituted a syndrome localizing to the superior orbital fissure. CT showed a hyperdense mass at the inner lesser wing and parasellar region (Figure 7.98). Carotid angiography showed focal narrowing and irregularity of the internal carotid artery at the distal siphon and proximal clinoid segment. Frontotemporal craniotomy revealed a red tumor beneath the medial lesser wing and in the parasellar region, supplied by numerous small vessels from the dura of the lesser wing. The tumor encased the internal carotid artery and compressed the optic nerve from below (Figure 7.99 A).

The edge of the lesser wing had to be removed with a dental drill to expose the tumor underneath. An ultrasonic aspirator was then used for removal and bipolar coagulation for hemostasis. This permitted satisfactory removal of tumor surrounding the internal carotid artery and elsewhere (Figure 7.99 B). The patient’s neurological function returned to normal.

[image: Figure 7.98 CT showing an inner lesser wing and parasellar meningioma.]Figure 7.98 CT showing an inner lesser wing and parasellar meningioma.
[image: Figure 7.99 Operation for inner lesser wing meningioma. A. A red tumor beneath the lesser wing and in the parasellar region completely surrounds the internal carotid artery. B. Tumor removal after resection of the lesser wing, using an ultrasonic aspirator. Note that the internal carotid artery is no longer encased.]Figure 7.99 Operation for inner lesser wing meningioma.
A. A red tumor beneath the lesser wing and in the parasellar region completely surrounds the internal carotid artery.
B. Tumor removal after resection of the lesser wing, using an ultrasonic aspirator. Note that the internal carotid artery is no longer encased.
This case shows that resection of the lesser wing is sometimes necessary to expose tumor concealed beneath it, allowing easy and complete removal with an ultrasonic aspirator.

Outer sphenoid ridge meningiomas are easier to operate on than inner tumors because the optic nerve and internal carotid artery are less involved, except with very large masses. The important structures to protect are the Sylvian arteries and veins, especially the veins. I have seen severe cerebral swelling and death after a middle cerebral vein was torn during tumor dissection. The middle cerebral artery usually lies above and behind the tumor. In the dominant hemisphere, Broca’s area must always be protected, because frontal lobe retraction for exposure may injure it. Marked hyperostosis around the pterion may complicate craniotomy. Several closely spaced burr holes should be made and joined with a rongeur. Patients with exophthalmos may require removal of hyperostotic superior and lateral orbital walls to allow the eye to return to its normal position.

For removal, perform a frontotemporal craniotomy extending well down into the temporal fossa to facilitate exposure. Before opening the dura, suture-ligate the feeding middle meningeal artery. Avoid direct retraction of the Sylvian fissure. Instead, use the approach described above, elevating the frontal lobe to expose the tumor. Coagulate and divide its attachment to the sphenoid ridge to interrupt the blood supply, then debulk it internally. It can then be separated from the frontal lobe, Sylvian fissure, temporal lobe, and middle cerebral artery (Figure 7.100)

If the mass extends more into the temporal than the frontal fossa, resection of the anterior temporal lobe may facilitate exposure, as in the following case.
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Case 3

A 40-year-old patient had experienced retro-orbital headache for one year, followed by blurred vision, occasional flashing lights, and dizziness. Relatives had repeatedly noticed brief episodes of behavioral arrest without falling or convulsive movements. Headache subsequently became progressively worse. Examination revealed early papilledema and left homonymous superior quadrantanopia. A tumor of the anterior right temporal lobe was diagnosed. Carotid angiography demonstrated an outer sphenoid ridge tumor displacing the middle cerebral artery upward, medially, and backward (Figure 7.101 A, B). A frontotemporal craniotomy was performed. An important step was removal of the temporal bone and sphenoid ridge low down toward the floor of the middle fossa. After opening the dura, abnormal cortex was seen at the anterior temporal lobe (Figure 7.102 A), with a firm mass on palpation. Resection of the temporal cortex, already thinned by compression, provided wide, clear exposure of the tumor (Figure 7.102 B) without temporal lobe retraction. Its superior extension was exposed by retracting the frontal lobe. The mass was reduced with loop cautery or an ultrasonic aspirator, while vessels from the temporal fossa and sphenoid ridge were coagulated from lateral to medial. Once substantially reduced, the tumor wall was grasped and gently separated from the temporal lobe and Sylvian vessels. Attempting to remove the tumor in one piece could be fatal.

[image: Figure 7.100 Operative technique for lateral sphenoid wing meningioma. A. Craniotomy for lateral sphenoid wing meningioma. B. Division of the dura around the tumor and of the middle meningeal artery to reduce the tumor’s blood supply. C. Dissection and coagulation along the sphenoid wing, followed by internal debulking with an ultrasonic aspirator and separation of the tumor wall from vessels and the brain surface.]AI-enhanced and colorized image · Switch to the original imageFigure 7.100 Operative technique for lateral sphenoid wing meningioma.
A. Craniotomy for lateral sphenoid wing meningioma.
B. Division of the dura around the tumor and of the middle meningeal artery to reduce the tumor’s blood supply.
C. Dissection and coagulation along the sphenoid wing, followed by internal debulking with an ultrasonic aspirator and separation of the tumor wall from vessels and the brain surface.
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f) TENTORIAL MENINGIOMA

These tumors arise at or near the tentorial edge. They may grow into the supratentorial or infratentorial compartment, or both, forming a so-called dumbbell tumor. Anterior and posterior tentorial tumors produce different symptoms and signs.
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Symptoms and signs of tentorial meningioma

Symptoms generally begin with cranial nerve dysfunction because meningiomas arise outside the brain. As the tumor enlarges, dysfunction of the compressed brainstem and cerebellum develops. Hydrocephalus or raised intracranial pressure appears late in the course. The clinical manifestations therefore depend on the site of the tentorial meningioma.

ANTERIOR TENTORIUM Tumors at the anterior tentorium mainly affect the oculomotor and trochlear nerves, as in Case 1 below. Enlargement compresses trigeminal branches and the cerebral peduncle, causing ptosis, ophthalmoplegia in the distributions of the oculomotor and trochlear nerves, ipsilateral facial numbness, and contralateral corticospinal tract signs. Upward extension toward the temporal lobe may cause temporal lobe epilepsy.

[image: Figure 7.101 Carotid angiograms showing lateral sphenoid wing meningioma. A. Anteroposterior view: the middle cerebral artery is elevated and displaced medially. B. Lateral view: the middle cerebral artery is displaced backward and upward. Tumor staining is visible (arrows).]Figure 7.101 Carotid angiograms showing lateral sphenoid wing meningioma.
A. Anteroposterior view: the middle cerebral artery is elevated and displaced medially.
B. Lateral view: the middle cerebral artery is displaced backward and upward. Tumor staining is visible (arrows).
POSTERIOR TENTORIUM A tumor arising in the posterior half of the tentorium and growing supratentorially compresses the occipital lobe, causing a homonymous visual field defect or seizures with visual hallucinations. Infratentorial growth compresses the posterolateral midbrain and cerebellum, producing quadrigeminal plate syndrome and ipsilateral cerebellar signs.

[image: Figure 7.102 Operation for lateral sphenoid wing meningioma. A. The anterior temporal cortex is compressed and thinned by the tumor. B. The tumor (arrow) is clearly exposed after removal of the overlying temporal cortex.]Figure 7.102 Operation for lateral sphenoid wing meningioma.
A. The anterior temporal cortex is compressed and thinned by the tumor.
B. The tumor (arrow) is clearly exposed after removal of the overlying temporal cortex.
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Diagnosis

In addition to the symptoms and signs described above, CT or MRI provides a reliable diagnosis. Plain skull radiographs contribute little.

CT shows a markedly hyperdense mass in the tentorial region, with compression of the brainstem and cerebellum and associated hydrocephalus.

Vertebral angiography shows downward and medial displacement of the superior cerebellar artery and elevation of the posterior cerebral artery. More posterior tumors depress the great vein of Galen and internal cerebral vein. Angiography may also demonstrate a feeding tentorial artery arising from the meningohypophyseal trunk of the internal carotid artery, an important diagnostic feature of tentorial meningioma.
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Treatment of TENTORIAL MENINGIOMA

This is another site where surgical removal is difficult and hazardous. The tumor lies beneath the brain, requiring a deep approach among closely adjacent critical structures: cranial nerves; the basilar, posterior cerebral, and superior cerebellar arteries; the great vein of Galen, internal cerebral vein, and basal vein of Rosenthal; the brainstem; and the cerebellum.

The approach must be selected according to the tumor’s position and direction of growth: anterior or posterior tentorium, with supratentorial or infratentorial extension.(113)
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Case 1: Anterior TENTORIAL MENINGIOMA

A 44-year-old patient presented with temporal and retro-orbital pain for one year. Six months before admission, progressively increasing left ptosis and diplopia began, accompanied by right arm and leg weakness, easy fatigue at work, and an unsteady gait. Examination showed left oculomotor nerve palsy (Figure 7.103). CT demonstrated an anterior tentorial tumor extending downward and medially to compress the left cerebral peduncle (Figure 7.104)

[image: Figure 7.103 Oculomotor and trochlear nerve palsies in a patient with left anterior tentorial meningioma.]Figure 7.103 Oculomotor and trochlear nerve palsies in a patient with left anterior tentorial meningioma.
[image: Figure 7.104 CT showing left anterior tentorial meningioma.]Figure 7.104 CT showing left anterior tentorial meningioma.
Two approaches are possible for a tumor at this site:

1) Transsylvian approach. Perform a frontotemporal craniotomy extending well down toward the middle fossa. Divide the arachnoid at the anterior Sylvian fissure and separate the frontal and temporal lobes with a self-retaining retractor to expose the tumor. Disadvantages are: i) possible injury to the Sylvian vessels or, on the dominant side, Broca’s area; and ii) the great depth of the posterior part of the tumor.

2) Subtemporal approach. I used this approach in the present patient. Position the patient supine, elevate the shoulder on the operative side, and turn the face to the opposite side. Make a temporofrontal incision and a craniotomy extending as low as possible into the temporal fossa. After reducing intracranial pressure, open the dura and gently elevate the temporal lobe anterior to the vein of Labbé. If CSF drainage is needed for further relaxation, tap the temporal horn or open the arachnoid beside the brainstem. Once the tentorium and tumor are exposed, apply the same principles as for meningiomas elsewhere: interrupt the blood supply and debulk the tumor.

Critical structures to protect during surgery in this region include the oculomotor and trochlear nerves and the posterior cerebral and superior cerebellar arteries (Figure 7.105). The vein of Labbé, although superficial, is equally important. Avoid tearing it when retracting the temporal lobe with a self-retaining retractor. A tear produces immediate cerebral swelling that prevents further surgery. If exposure remains inadequate and the vein of Labbé is taut, remove only the necessary portion of the inferior temporal gyrus to improve exposure without excessive retraction.

[image: Figure 7.105 Anterior tentorial meningioma and its relationships to cranial nerves, vessels, and the brainstem.]AI-enhanced and colorized image · Switch to the original imageFigure 7.105 Anterior tentorial meningioma and its relationships to cranial nerves, vessels, and the brainstem.
Begin removal by incising the tentorium along the lateral tumor margin, curving anteriorly to the tentorial edge. This divides the feeding tentorial branch of the meningohypophyseal artery. Near the edge, protect the trochlear nerve, which runs forward beneath it: separate the nerve from the tentorium before cutting. The oculomotor nerve is usually compressed beneath and medial to the tumor. Next, debulk the tumor internally. An ultrasonic aspirator, if available, is preferable. Loop cautery may be hazardous here because it is unipolar and used close to the brainstem. Once the tumor is substantially reduced, grasp and turn its dural attachment or wall to expose the cranial nerves, vessels, and brainstem described above, then separate them from it. Coagulate small feeding branches with bipolar forceps before dividing them. If the tumor encases the trochlear nerve, first free the nerve to avoid injury. The operating microscope and microsurgical instruments facilitate confident, safe dissection from nerves and vessels (Figure 7.106)
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Case 2: SUPRA- AND INFRATENTORIAL MENINGIOMA

A 40-year-old woman had experienced headache for two years, initially intermittently. Six months before admission it became more severe, sometimes with vomiting. She subsequently noticed stiffness of both legs when walking, a tendency to veer to the right, and reduced hearing in the right ear. Examination confirmed right hearing loss and right cerebellar signs. CT showed a large tumor in the right cerebellar hemisphere and occipital lobe. The fourth ventricle was effaced, causing hydrocephalus; the right occipital horn was also effaced (Figure 7.107). Right carotid and vertebral angiography showed displacement of the posterior cerebral and superior cerebellar arteries and a feeding occipital meningeal branch, indicating meningioma.

[image: Figure 7.106 Steps in removal of anterior tentorial meningioma. A. Incision of the tentorium around the tumor margin, followed by internal aspiration to reduce the mass. B. Separation of the tumor wall from cranial nerves, vessels, and the brainstem.]AI-enhanced and colorized image · Switch to the original imageFigure 7.106 Steps in removal of anterior tentorial meningioma.
A. Incision of the tentorium around the tumor margin, followed by internal aspiration to reduce the mass.
B. Separation of the tumor wall from cranial nerves, vessels, and the brainstem.
[image: Figure 7.107 CT showing supra- and infratentorial meningioma.]Figure 7.107 CT showing supra- and infratentorial meningioma.
Such a tumor requires a combination of two approaches: i) occipital supratentorial and ii) infratentorial. Either approach alone would not permit complete removal. Both components may be removed in one operation or in two stages. If staged, the infratentorial component should be removed first because it compresses the brainstem and fourth ventricle, producing obstructive hydrocephalus. Satisfactory removal of this component facilitates subsequent supratentorial surgery because the lateral ventricles become smaller and access improves.

Positioning. The patient may be seated with the face turned approximately 30° toward the tumor. In addition to the complications of sitting described earlier, this position requires elevation of the occipital lobe against gravity, making exposure more difficult and less satisfactory. The lobe may tear easily under retraction. An alternative is a semiprone position with the neck flexed and the head slightly turned away, bringing the incision between the midline and mastoid uppermost. The right shoulder must be pulled downward to widen the operative field, and foam padding placed beneath the chest to prevent brachial plexus compression.

Make a hockey-stick incision halfway between the inion and mastoid process, with its upper end approximately 6–7 cm above the transverse sinus and its lower end extending to the upper neck. Drape sufficiently low to permit inferior extension if a large tumor requires wide posterior fossa exposure. After incising down to the skull, strip the periosteum and spread the wound with a self-retaining retractor. Make a small occipitotemporal craniotomy above the transverse sinus, then a suboccipital craniectomy, using a rongeur to remove bone over the sinus and continuing into the occipital bone on the tumor side only. The opening should be slightly wider than the tumor. Suture-ligate feeding meningeal branches. Drain CSF through a previously placed ventriculostomy tube to reduce intracranial pressure, then open the dura above and below the tentorium, with dural flaps based on the transverse sinus. Gently elevate the occipital lobe and follow the upper tentorial surface medially to the tumor and incisura. Unimportant bridging veins may be coagulated and divided to improve exposure, but the vein of Labbé must not be torn. Next, incise the tentorium around the tumor to reduce its blood supply: lift the posterior tentorium with a hook and cut toward the incisura. As the free edge is approached, identify and protect the trochlear nerve beneath it.

With a large tumor, the transverse sinus may obstruct access and occasionally must be divided to facilitate removal. Before division, test whether this will cause cerebral swelling by clamping the ipsilateral transverse sinus and observing the brain and veins for about five minutes. If there is no bulging or venous congestion, collateral venous drainage is sufficient and the sinus may be divided.(114)

Remove the supratentorial component by bipolar coagulation and division along the tentorium. Internal debulking near the dural attachment may be necessary to permit deeper dissection along the tentorium. After detaching the tumor, debulk it internally to leave only a thin wall, which can then be separated from the occipital lobe, posterior cerebral artery, trochlear nerve, and brainstem (Figure 7.108)

Infratentorially, opening the dura may reveal cerebellar tissue overlying part of the tumor. If necessary, remove a portion that can be sacrificed without functional loss. The tumor is attached to the tentorium and the dura on the posterior surface of the petrous ridge, where its feeding vessels enter. Coagulate and divide these attachments parallel to the dura to reduce blood flow. Some internal debulking at the dural pedicle facilitates this step. Once the tumor is substantially devascularized, aspirate it internally with an ultrasonic aspirator until only a thin wall remains. Turn this wall to separate it from the fourth and fifth cranial nerves, superior cerebellar artery, brainstem, and cerebellum. Finally, suture the dura closed rather than leaving it open: removal of the large mass creates ample space and the brain is no longer tense.
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g) PETROUS RIDGE MENINGIOMA

This is another site where meningioma removal is very difficult, especially at the anterior petrous ridge, because of its depth and proximity to the midbrain, fourth, fifth, and sixth cranial nerves, and posterior cerebral and superior cerebellar arteries. Large tumors often extend toward the clivus and upward into the supratentorial compartment (see the case below).
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Symptoms and signs

Because these tumors arise in the cerebellopontine angle, their manifestations resemble those of acoustic neurinoma, with dysfunction of the trigeminal, acoustic, and facial nerves. Anterior petrous tumors often begin with facial numbness before auditory symptoms, and some eighth-nerve function usually remains, making distinction from trigeminal neurinoma difficult. They can be distinguished from acoustic neurinoma, however, because the latter always begins with auditory symptoms. As the tumor enlarges, it compresses the midbrain and cerebellar peduncle, producing contralateral limb weakness, gait unsteadiness, and ipsilateral cerebellar signs.

[image: Figure 7.108 Surgery for posterior tentorial meningioma with supratentorial and infratentorial extension. A. Incision and planned cranial opening. B. Separation of the tumor from the tentorium.]AI-enhanced and colorized image · Switch to the original imageFigure 7.108 Surgery for posterior tentorial meningioma with supratentorial and infratentorial extension.
A. Incision and planned cranial opening.
B. Separation of the tumor from the tentorium.
Posterior petrous tumors cause dysfunction of cranial nerves IX, X, and XI through compression at the jugular foramen.
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Diagnosis of PETROUS RIDGE MENINGIOMA

Symptoms, signs, and radiological investigations may not readily distinguish meningioma from trigeminal or acoustic neurinoma. Hyperostosis of the petrous bone without alteration of the internal auditory meatus favors meningioma over other tumors.

CT shows a sharply defined, densely enhancing mass at the petrous ridge (Figure 7.109)

[image: Figure 7.109 CT showing petrous ridge meningioma with supra- and infratentorial extension.]Figure 7.109 CT showing petrous ridge meningioma with supra- and infratentorial extension.
Angiography usually shows no tumor staining. Most appear as avascular masses displacing the basilar artery and its branches (Figure 7.110 A, B).

[image: Figure 7.110 Vertebral angiograms in a patient with petrous ridge meningioma (CT in Figure 7.109). A. Anteroposterior view: rightward displacement of the basilar artery and its branches. B. Lateral view: the basilar artery is displaced away from the clivus.]Figure 7.110 Vertebral angiograms in a patient with petrous ridge meningioma (CT in Figure 7.109).
A. Anteroposterior view: rightward displacement of the basilar artery and its branches.
B. Lateral view: the basilar artery is displaced away from the clivus.
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Case: PETROUS RIDGE MENINGIOMA WITH CLIVAL AND SUPRATENTORIAL EXTENSION

A 33-year-old woman had experienced headache for about ten years. One year before admission, the headache became progressively worse and left facial numbness developed, followed by left auditory impairment progressing to deafness. Six months before admission she developed an unsteady gait, a tendency to fall leftward, dizziness, and diplopia. Examination showed dysfunction of left cranial nerves IV, V, VI, and VIII, ataxia, and incoordination of the left arm. CT showed a densely enhancing petrous ridge mass extending to the clivus and supratentorial compartment (Figure 7.109). Angiography showed displacement of the basilar artery and its branches to the right and away from the clivus (Figure 7.110 A, B).

Operative technique. Most of this tumor was in the posterior fossa, so a left suboccipital craniectomy was appropriate, with the patient either sitting or semiprone. Resection of the lateral third of the cerebellar hemisphere provides wider exposure. Begin dissection at the attachments to the petrous and tentorial dura to interrupt the tumor’s blood supply, then debulk internally with an ultrasonic aspirator. Avoid loop cautery because of the proximity to the brainstem. Under the microscope, gently separate those portions of the tumor wall that can be freed from surrounding structures. Do not remove portions firmly adherent to the brainstem: leaving a thin wall avoids additional brain injury. Because the tumor grows slowly, the patient may live for a long time without increased disability. Approach the remaining supratentorial component through a subtemporal route one to two weeks later. Incise the tentorium around the tumor and debulk internally to leave a thin wall, as described above. During dissection, protect the acoustic nerve posteriorly and inferiorly, the abducens nerve medially, the trigeminal nerve usually inferiorly, and the trochlear nerve beneath the tentorial edge. The basilar artery and its branches lie medially.

Although complete removal was impossible and a thin wall remained attached to the brainstem, this patient improved and could perform household work. Headache diminished, while facial numbness and deafness remained unchanged. Attempting to separate the adherent tumor from the brainstem might have injured it and impaired recovery.

Posterior petrous tumors are much easier to remove than anterior tumors because they lie more superficially, as shown in the operative photograph inFigure 7.111. A unilateral suboccipital craniectomy is performed on the tumor side, with the patient lying laterally, tumor side uppermost, and the face turned slightly away. Opening the dura demonstrates the advantage of this position: the cerebellar hemisphere falls away under gravity without retraction, exposing almost the entire tumor (Figure 7.111) and facilitating removal. First identify cranial nerves IX, X, and XI at the jugular foramen, or follow them laterally from their origins at the brainstem to the foramen. Cover them with cotton patties for protection. If the tumor is not highly vascular, debulk it substantially from within, then grasp its wall and separate it from the dura and adjacent structures. If it is highly vascular, first dissect its dural attachment to interrupt the blood supply, then debulk internally. In this case, complete removal was achieved and all cranial nerves remained intact.

[image: Figure 7.111 Left posterior fossa operation in the lateral position. The posterior petrous meningioma is clearly exposed without cerebellar retraction.]Figure 7.111 Left posterior fossa operation in the lateral position. The posterior petrous meningioma is clearly exposed without cerebellar retraction.
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h) FORAMEN MAGNUM MENINGIOMA

Meningiomas at this site are very rare. They usually arise anterolateral to the junction of the medulla and spinal cord and extend into the upper spinal canal or lower clivus. The next most common site is the anterior margin of the foramen magnum, where surgical removal is particularly difficult because the medulla obstructs access.
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Symptoms and signs

Pain in the upper posterior neck and occiput is usually the first symptom. Neck movement aggravates the pain and may produce neck stiffness. Flexion of the head may cause radiating electric sensations or paresthesia throughout the body (Lhermitte’s phenomenon), particularly when the tumor extends to compress the upper spinal cord. Limb paresthesia or numbness, usually more marked in the arms, and quadriparesis develop subsequently. Weakness generally begins in the arm on the tumor side, followed by the leg. Limb weakness may be unequal on the two sides because corticospinal fibers to the arms and legs cross at different levels here and are compressed unevenly. Some patients develop wasting of the hands and distal arms, resembling syringomyelia. This wasting is thought to result from compression of the anterior spinal artery, which, together with radicular arteries, supplies the cervical cord as far as the seventh cervical segment.(114) Large tumors also cause gait and swallowing disturbances(115) through compression of cranial nerves IX and X. Bilateral corticospinal tract signs or spastic quadriparesis are present, with greater weakness in the arms than in the legs. Sensory loss is dissociated. The spinal accessory nerve is the cranial nerve most commonly affected, in approximately 25% of patients.(116) Other cranial nerve deficits are uncommon.
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Investigations

CT often fails to show meningiomas here clearly because the surrounding bone at the foramen magnum obscures them. MRI demonstrates these tumors clearly. Angiography shows displacement of the vertebral artery on the tumor side. Tumor staining is usually indistinct unless the tumor is angiomatous or subtraction techniques are used to improve its visibility.
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Treatment

Surgery at this site is difficult and hazardous. The operating microscope, microsurgical techniques, and ultrasonic aspirator have improved the likelihood of successful removal.

Surgical technique is particularly important. The medulla, containing the respiratory and cardiac centers, must be protected, as must cranial nerves IX–XII, the vertebral artery and its branches, the anterior spinal artery, and the posterior inferior cerebellar artery.

The patient may be positioned sitting or semiprone, with the tumor side uppermost.

Make a midline incision from just above the external occipital protuberance to the spinous process of C4 or C5. A wide suboccipital craniectomy is unnecessary. Superiorly, the opening extends to about halfway up the cerebellar hemisphere; laterally, to halfway between the midline and mastoid process; and inferiorly, it includes the posterior rim of the foramen magnum and the posterior arch of the atlas. If the tumor extends farther downward, remove the C2 lamina as well.

Before opening the dura, assess its tension. If it is tight and nonpulsatile, slowly release CSF through a previously placed ventriculostomy. Once intracranial pressure has fallen, make a Y-shaped dural incision. The tumor lies anterolateral to the junction of the medulla and spinal cord (Figure 7.112) and is reddish pink, displacing the medulla posteriorly and to the opposite side.

Precautions:

1. Do not retract the medulla: this may cause apnea, bradycardia or arrhythmia, and hypotension.

2. Do not use unipolar coagulation to remove the tumor, because it may damage the medulla and the patient may fail to regain consciousness after surgery.

[image: Figure 7.112 Foramen magnum meningioma situated anterolateral to the medulla oblongata.]Figure 7.112 Foramen magnum meningioma situated anterolateral to the medulla oblongata.
Use a self-retaining retractor to elevate the tonsil and cerebellar hemisphere, exposing more of the tumor. The vertebral artery enters the cranial cavity at the level of the highest dentate ligament and courses inferomedial to the tumor. It gives off the posterior inferior cerebellar artery approximately 1 cm before reaching the basilar artery. These vessels must be exposed and protected. Separate any cranial nerves visible before opening the tumor wall and cover them with cotton patties. In the sitting position, occlude the subarachnoid space to prevent blood from entering the spinal subarachnoid space and causing postoperative aseptic meningitis and hydrocephalus. Next, use bipolar coagulation to coagulate and divide vessels in the tumor wall near its dural attachment, reducing its blood supply. Open the wall and remove the tumor internally with suction, an ultrasonic aspirator, and bipolar coagulation. Do not use unipolar coagulation. After reducing the mass, grasp and turn its wall, separating it from the nerves, vertebral artery, medulla, cerebellum, and arachnoid membrane with microsurgical instruments under the operating microscope (Figure 7.113). At the dural attachment, try to remove the tumor completely and then coagulate the site with bipolar coagulation. After hemostasis, moisten the cotton patties and gently separate them from the nerves before removing them. Never lift a patty without first separating the nerve, because an adherent nerve may be pulled up and torn. Finally, close the dura and wound.

[image: Figure 7.113 Technique for removing a foramen magnum meningioma. A. Internal tumor removal with an ultrasonic aspirator, leaving only the tumor wall. B. Separation of the tumor wall from the cranial nerves, vessels, medulla, and cerebellum.]AI-enhanced and colorized image · Switch to the original imageFigure 7.113 Technique for removing a foramen magnum meningioma.
A. Internal tumor removal with an ultrasonic aspirator, leaving only the tumor wall.
B. Separation of the tumor wall from the cranial nerves, vessels, medulla, and cerebellum.
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i) INTRAVENTRICULAR MENINGIOMA

These tumors arise from arachnoid cells of the choroid plexus. Most occur at the trigone of the lateral ventricle.(117, 118) They may also occur in the third ventricle, whereas fourth ventricular meningiomas are extremely rare.(119)
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Symptoms and signs

Because the tumor develops within the pre-existing ventricular cavity, it is usually large by the time the patient seeks medical attention and produces few localizing symptoms. Most patients present with manifestations of raised intracranial pressure: headache, vomiting, blurred vision, and personality change. Large tumors may produce focal symptoms, including contralateral limb numbness or weakness, a homonymous visual field defect, dysphasia when the dominant hemisphere is involved, and gait ataxia.(117,120) Because the mass lies within a ventricle, symptoms may worsen with the head in one position as the tumor blocks CSF flow, and improve in another position when the tumor shifts and permits CSF to escape.

[image: Figure 7.114 CT showing a lateral ventricular meningioma. Note the absence of ventricular enlargement.]Figure 7.114 CT showing a lateral ventricular meningioma. Note the absence of ventricular enlargement.
[image: Figure 7.115 CT showing a third ventricular meningioma with marked ventricular enlargement.]Figure 7.115 CT showing a third ventricular meningioma with marked ventricular enlargement.
Lateral ventricular meningiomas usually do not cause the marked ventricular enlargement seen with choroid plexus papilloma (Figure 7.114). Unlike papillomas, meningiomas do not produce CSF, so manifestations of raised intracranial pressure do not develop rapidly.

Meningiomas of the third and fourth ventricles tend to produce raised intracranial pressure relatively early because they obstruct CSF flow at the foramen of Monro, proximal aqueduct, or fourth ventricle. The lateral ventricles may become greatly enlarged (Figure 7.115). A fourth ventricular meningioma also causes enlargement of the third ventricle. In addition to raised intracranial pressure, a large third ventricular meningioma may cause hypothalamic dysfunction and a chiasmal syndrome (see the chapter on localizing symptoms).

[image: Figure 7.116 Carotid angiogram showing an enlarged, tortuous anterior choroidal artery supplying a meningioma at the trigone of the lateral ventricle (CT in Figure 7.114).]Figure 7.116 Carotid angiogram showing an enlarged, tortuous anterior choroidal artery supplying a meningioma at the trigone of the lateral ventricle (CT in Figure 7.114).
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Diagnosis

Most patients present with raised intracranial pressure and few localizing symptoms. Symptoms alone therefore cannot establish the diagnosis. Radiological investigations are required to locate the tumor.

1. CT or MRI is an important investigation that clearly demonstrates the intraventricular tumor and hydrocephalus. The mass is hyperdense and sharply defined (Figure 7.115)

2. ANGIOGRAPHY usually cannot directly establish that a mass is intraventricular, even when tumor staining is present, because the ventricular boundaries are not visible. This is a disadvantage compared with CT. Angiography does, however, identify the vessels supplying the meningioma, namely the anterior and posterior choroidal arteries, which become enlarged and tortuous (Figure 7.116). Some tumors show tumor staining that indicates their vascularity. This information helps plan removal with minimal blood loss.

3. VENTRICULOGRAPHY was formerly very useful when angiography did not clearly locate the tumor, but it was hazardous and could cause severe headache. Its use was abandoned after CT became available.
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Treatment of INTRAVENTRICULAR MENINGIOMA

Intraventricular meningioma is another difficult tumor to remove because of its deep location near important medial brain structures: the hypothalamus and internal cerebral veins in third ventricular meningioma, or the optic radiation, pulvinar of the thalamus, and tail of the caudate nucleus in trigonal meningioma. Their functions must always be considered and preserved during surgery.

1. MENINGIOMA AT THE TRIGONE OF THE LATERAL VENTRICLEThis is the most common intraventricular site. The mass is usually large because it grows within a cavity without producing localizing symptoms, making removal rather difficult. A single cortical incision may not adequately expose the feeding vessels and tumor boundaries.(121)

Surgical technique. Removal of meningiomas in this region requires attention to the following:

i) In the dominant hemisphere, avoid making a cortical incision through or damaging the sensory speech center (Wernicke’s center), including the angular and supramarginal gyri. Injury may cause postoperative sensory dysphasia, dyslexia, and other deficits.

ii) Avoid damage to the optic radiation coursing through the temporal lobe and lower parietal lobe to the occipital lobe.

iii) Most meningiomas here are supplied by the anterior choroidal artery. On entering the ventricle, identify this vessel and divide it close to the tumor to facilitate successful removal.

The cortical approaches commonly used to reach tumors at the trigone are of three types:

1. lateral temporo-parietal approach
2. middle temporal gyrus approach
3. parieto-occipital paramedial approach

The technical details, advantages, and disadvantages of each approach have been described in the section on surgery for choroid plexus papilloma of the lateral ventricle.

After passing through the cortex and exposing the tumor, use a self-retaining retractor to separate the brain and enter the temporal horn, which is often enlarged by obstruction at the trigone. This permits wider exposure in this region. The choroid plexus lies inferomedial to the tumor. Identify, coagulate, and divide the branch of the anterior choroidal artery supplying the mass. Do not coagulate or divide the proximal anterior choroidal artery, because it also supplies the inferior internal capsule and injury may cause hemiparesis. Next, remove the tumor from within outward using loop cautery or an ultrasonic aspirator and bipolar coagulation. As the mass becomes smaller, its wall can be turned and separated from the ventricular wall, exposing medial feeding vessels or branches of the posterior choroidal artery, if present. After these vessels are divided, the tumor can be lifted out.

2. MENINGIOMA OF THE THIRD VENTRICLEThese tumors are less common than trigonal meningiomas. This is an important region because it is surrounded by vital structures, including the hypothalamic–pituitary axis and vessels at the base of the brain. Its deep location and narrow operative corridor make access difficult. The operating microscope, microneurosurgical instruments, and bipolar coagulation have greatly improved surgical removal.

Other tumors and lesions found in the third ventricle include colloid cyst, choroid plexus papilloma, ependymoma, craniopharyngioma, epidermoid, dermoid, teratoma, ependymal cyst, and pinealoma.

Before operating on a third ventricular tumor, detailed radiological investigation is essential to establish its location, type, and size and, importantly, its relationship to the optic pathway, hypothalamus, and basal cerebral vessels, as well as its feeding arteries and vascularity. Its position within the third ventricle is important because this may suggest its type and the appropriate surgical route. Third ventricular tumors are generally divided into anterior and posterior groups. Meningioma arises from the tela choroidea and therefore has its pedicle at the choroid plexus along the roof of the third ventricle. Skull radiographs may help distinguish tumor types: calcification in the posterior third ventricle in a young patient suggests a pineal gland tumor, whereas suprasellar calcification in multiple patches or as a curved outline along a cyst wall (eggshell calcification) suggests craniopharyngioma. Third ventricular meningiomas usually show no calcification. CT or MRI provides the most definitive information, showing tumor size and its relationship to the foramen of Monro and other parts of the third ventricle, and sometimes helping distinguish tumor types. Surgeons frequently use CT to select the operative approach. In some patients, angiography remains important for identifying the arterial supply and important deep venous drainage, including the internal cerebral vein, septal vein, thalamostriate vein, and great vein of Galen. It also helps exclude vascular lesions such as aneurysms and AVMs.

Another essential preoperative assessment for third ventricular meningioma or other tumors in this region is investigation for hormonal abnormalities such as hypopituitarism and hypothyroidism. These must always be treated adequately before surgery.

Surgery for third ventricular meningioma. The third ventricle is small and vital because its two lateral walls are formed by the hypothalamus. Surgery here may cause intraoperative and postoperative complications and carries a high mortality rate.Modern microneurosurgical instruments, the operating microscope, and good technique can, however, permit complete removal and cure. The approach must be selected individually according to tumor position, size, feeding vessels, and vascularity. Because meningiomas are related to the choroid plexus in the anterosuperior third ventricle, three approaches are available:

1) TRANSCALLOSAL APPROACHThis approach reaches the third ventricle through the frontal interhemispheric fissure, followed by division of the anterior corpus callosum to enter the lateral ventricle, where the foramen of Monro and third ventricular tumor are seen.

Technique. Position the patient supine, facing straight upward, with the head elevated approximately 30°. Make a coronal incision and raise a right craniotomy flap with one-third behind and two-thirds in front of the coronal suture. Its medial edge should lie at the midline or extend slightly across it. Open the dura with its base at the superior sagittal sinus. Choose an area with few, small bridging veins that can be coagulated and divided without harm. Retract the medial frontal surface laterally until the cingulate gyrus and anterior cerebral artery are visible. Lateral retraction of the cingulate gyrus exposes the pericallosal artery on the white, otherwise avascular corpus callosum. Preserve these arteries. Divide the corpus callosum just behind the genu with suction and bipolar coagulation along a sagittal incision about 3 cm long. Beyond the callosum, the ependymal lining of the lateral ventricle and small ependymal veins are seen. Incise the ependyma to enter the lateral ventricle, where the choroid plexus, septal vein, thalamostriate vein, and fornix are identified. Follow the choroid plexus anteriorly to the foramen of Monro; the tumor surface is usually visible through it. Obstructive hydrocephalus usually enlarges the foramen. If wider exposure is needed, the foramen of Monro can be enlarged by dividing the ipsilateral fornix anterior to it, or posteriorly by removing a small portion of the anterior tubercle of the thalamus.

Precautions in this region are: i) Remove as little brain tissue as possible and do not divide both fornices. ii) Only small, unimportant veins should be divided; protect the internal cerebral, septal, and thalamostriate veins. iii) If the tumor adheres to the third ventricular wall and separation would damage the hypothalamus, a portion may be left behind.

Begin removal by coagulating and dividing the vessels at the choroid plexus pedicle that supply the tumor. Debulk it internally, then gently separate its wall and remove it piecemeal until complete. If complete removal is impossible because of adherence to the hypothalamus, a fragment may be left. This is a benign, slow-growing tumor, and neither hypothalamic function nor the patient’s life should be jeopardized. If CSF obstruction persists, insert a shunt.

2. TRANSCORTICAL APPROACHThe ventricle is reached through a cortical incision in the posterior middle frontal gyrus. Once the lateral ventricle is entered, the anatomy is the same as described for the transcallosal approach, and access to the third ventricular tumor is obtained in the same way.

3. SUBFRONTAL APPROACHElevate the frontal lobe and enter the third ventricle through the lamina terminalis between the anterior communicating artery and the superior surface of the optic chiasm. This approach suits tumors in the lower third ventricle above the sella turcica. It is unsuitable for meningioma because only the inferior portion can be removed. The superior pedicle cannot be reached, preventing division of its feeding vessels and removal of the upper tumor.
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