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Chapter 6
INVESTIGATION

When a patient presents with neurological symptoms suggesting a brain tumor, the physician should take a detailed history and perform thorough neurological and general physical examinations. The resulting symptoms and signs help identify the tumor’s location and the extent of neurological dysfunction. The surgeon must carefully consider the various aspects of treatment in order to restore as much lost function as possible, or achieve a cure, while avoiding further deterioration. Before surgery, radiological investigations are therefore needed to support the clinical diagnosis. The images help determine the site, size, and type of tumor, as well as the many changes it has caused in the brain and blood vessels. This information guides surgical planning: where to operate, the extent of the procedure, and whether to remove the entire tumor or only part of it.

Several radiological investigations are available for tumors. The physician should choose methods that provide an accurate diagnosis, offer the greatest benefit for treatment, and do not endanger the patient, while also considering appropriate costs. The investigations used for brain tumors are as follows:

	Skull X-rays
	Cerebral angiography
	C.T. (Computerized tomography)
	MRI (magnetic resonance imaging)
	Ventriculography


Pneumoencephalography (PEG), radioisotope brain scanning, echoencephalography, and EEG are now obsolete investigations because they do not clearly demonstrate the pathological lesion, and some carry risks.

Original pages 354–374
SKULL X-RAYS

Before C.T. became available, skull radiography was a useful initial investigation that provided certain information about brain tumors without endangering the patient. Routine views were anteroposterior (A-P), lateral, and Towne’s views. Additional views could examine particular sites, such as the optic foramen or sella turcica. A posteroanterior (P-A) view showed changes in the frontal bone, orbit, and lesser wing of the sphenoid; Stenvers’ view examined the auditory canal; and the submentovertical view examined the skull base.

The changes in skull radiographs caused by brain tumors are as follows:

1. Changes due to raised intracranial pressure. Tumors are among the many causes of raised intracranial pressure. The pressure must remain elevated for a prolonged period before skull changes develop. Pulsations of the cortex, CSF, and blood vessels with the heartbeat cause bone resorption, producing the following abnormalities.

1.1 Convolutional markings appear as indentations in the skull because its inner surface has become thinner. These are sometimes called digital impressions because they resemble indentations made by pressing fingers into modeling clay (Figure 6.1). This change is seen in adults. Prominent markings in the parietal region have particular diagnostic significance, because some digital impressions may normally occur in the occipital and frontal regions.

1.2 Erosion of the dorsum sellae is a frequent abnormality. The dorsum sellae and posterior clinoid become thin and fade from view (Figure 6.2). This is common in adults but uncommon in children, who can accommodate raised intracranial pressure by separation of the cranial sutures. With prolonged and progressively increasing pressure, the sellar floor becomes thinner, and the sella enlarges. In some cases, it disappears completely, together with atrophy of the tuberculum sellae (Figure 6.3).

[image: Figure 6.1 Indentations on the inner surface of the skull (digital impressions or convolutional markings) caused by raised intracranial pressure.]Figure 6.1 Indentations on the inner surface of the skull (digital impressions or convolutional markings) caused by raised intracranial pressure.
[image: Figure 6.2 Destruction of the dorsum sellae and posterior clinoid process of the sella turcica.]Figure 6.2 Destruction of the dorsum sellae and posterior clinoid process of the sella turcica.
[image: Figure 6.3 Complete destruction of the sella turcica and tuberculum sellae.]Figure 6.3 Complete destruction of the sella turcica and tuberculum sellae.
1.3 Suture separation. The sutures between the skull bones separate. This occurs in children whose skull bones have not yet fused with bone, but not in adults, whose sutures are firmly joined. The coronal suture is the first to separate because it is the last to fuse (Figure 6.4, A and B).

1.4 Enlargement of the head results from separation of the cranial sutures and occurs in young children (Figure 6.4).

[image: Figure 6.4 A. Separation of the coronal and lambdoid sutures. Note the abnormally enlarged skull.B. Separation of the sagittal suture.]Figure 6.4 A. Separation of the coronal and lambdoid sutures. Note the abnormally enlarged skull.
B. Separation of the sagittal suture.
1.5 Localized skull bulging occurs in children with a slowly growing tumor at the brain surface. The bulging bone is thinner than the surrounding skull (Figure 6.5).

[image: Figure 6.5 Localized bulging and thinning of the skull over a brain tumor.]Figure 6.5 Localized bulging and thinning of the skull over a brain tumor.
2. ABNORMAL VASCULAR GROOVES. Normal skull radiographs show grooves for the middle meningeal artery and its branches, diploic venous channels, and emissary veins. Tumors arising at the brain surface in contact with the dura and skull, such as meningiomas, usually receive their blood supply from the middle meningeal artery. Two changes may be seen: i) neovascularity, and ii) enlargement of arterial and venous grooves on the inner skull surface (Figure 6.6).

[image: Figure 6.6 Enlargement of a middle meningeal arterial branch (arrow) and a diploic venous channel (arrowhead) in a patient with a parietal parasagittal meningioma.]Figure 6.6 Enlargement of a middle meningeal arterial branch (arrow) and a diploic venous channel (arrowhead) in a patient with a parietal parasagittal meningioma.
Neovascularity consists of new vessels around the tumor that supply it. It is an important sign for tumor localization (Figure 6.7).

Enlargement of vascular grooves and vessels is more common than neovascularity and usually occurs with tumors of the cerebral convexity and parasagittal region. Tumors at the brain base usually do not show this change. Three changes in the middle meningeal arterial grooves are significant: i) enlargement on only one side; ii) enlargement of a single branch; and iii) tortuosity. Unilateral enlargement suggests that the vessel supplies a tumor on that side. Enlargement may occasionally be bilateral, as when a falcine meningioma grows to both sides. Enlargement of one branch of the middle meningeal artery likewise raises suspicion that it supplies a tumor.

[image: Figure 6.7 Markings of newly formed vessels (neovascularity) in the frontal skull in a patient with a frontal lobe meningioma.]Figure 6.7 Markings of newly formed vessels (neovascularity) in the frontal skull in a patient with a frontal lobe meningioma.
[image: Figure 6.8 Enlargement of the groove and skull opening of the occipital emissary vein due to increased pressure in the posterior fossa.]Figure 6.8 Enlargement of the groove and skull opening of the occipital emissary vein due to increased pressure in the posterior fossa.
Enlargement of emissary venous grooves and their skull openings may occur with tumors causing raised intracranial pressure, or when the vein drains a tumor. Sites include the occipital emissary vein (Figure 6.8) and the region of the Pacchionian granulations.

3. CALCIFICATION. Calcium deposits in intracranial structures, including pathological lesions, can assist diagnosis. Several brain tumor types calcify, particularly slowly growing (benign) tumors such as meningioma, craniopharyngioma, and oligodendroglioma. Recognizing the pattern and location of calcification helps distinguish tumor types.

Physiological calcification may occur in the pineal gland, choroid plexus, falx cerebri, tentorium cerebelli, and diaphragma sellae. Pineal and choroid plexus calcification are particularly important in relation to tumors. On an A-P view, the calcified pineal gland normally lies in the midline of the skull. A tumor or other expansile mass may displace it to the opposite side (Figure 6.9, B), indicating a supratentorial mass. It may also be displaced anteriorly, posteriorly, superiorly, or inferiorly, depending on the tumor’s position. Pineal calcification is found in approximately 55% of people over 20 years of age(1), although it is less common in Thai people. Pineal calcification in a child, unusually large calcification, or calcification unlike the normal gland should always be regarded as suspicious for pineal pathology. A detailed neurological examination and further investigations are required.

Choroid plexus calcification usually occurs in its glomus. It may be unilateral or bilateral and is less common than pineal calcification. Calcified glomera normally lie midway between the midline and the lateral skull margins and are symmetrical. A tumor may displace them from their normal positions, producing asymmetry (Figure 6.10, A and B). A choroid plexus papilloma may occasionally produce a large calcified mass on one side.

[image: Figure 6.9 A. Calcified pineal gland on a lateral view.B. Calcified pineal gland on a frontal view. Note its displacement to the right of the midline because the patient has a left-sided brain tumor.]Figure 6.9 A. Calcified pineal gland on a lateral view.
B. Calcified pineal gland on a frontal view. Note its displacement to the right of the midline because the patient has a left-sided brain tumor.
[image: Figure 6.10 A. Frontal skull view showing calcification in both choroid plexus glomera.B. Calcified glomera on both sides. Note that one lies lower than the other because it is compressed by a parietal lobe tumor.]Figure 6.10 A. Frontal skull view showing calcification in both choroid plexus glomera.
B. Calcified glomera on both sides. Note that one lies lower than the other because it is compressed by a parietal lobe tumor.
Tumor calcification varies with the tumor type. Gliomas, including oligodendroglioma, astrocytoma, and ependymoma, show clusters of small and large calcific fragments or curved lines scattered throughout the tumor (Figure 6.11). Oligodendroglioma calcifies more commonly than the other types. In some cases, extensive calcification merges into an appearance resembling cigarette smoke.

[image: Figure 6.11 Clusters of calcification in gliomas, commonly found in oligodendroglioma and low-grade astrocytoma.]Figure 6.11 Clusters of calcification in gliomas, commonly found in oligodendroglioma and low-grade astrocytoma.
Craniopharyngioma frequently calcifies and can show several patterns. Curved lines indicate calcification of a tumor cyst wall (eggshell calcification); small and large fragments may also coalesce into a mass. The important feature is its suprasellar location (Figure 6.12, A, B, and C), although some lesions lie within the sella.

Slowly growing meningiomas, especially psammomatous meningiomas, develop numerous calcified psammoma bodies. Their radiographic calcification is therefore uniformly white (homogeneous) (Figure 6.13), allowing the size and shape of the mass to be seen without angiography. In addition to calcification, two other radiographic abnormalities may coexist: i) hyperostosis and ii) increased vascularity, described earlier. Hyperostosis (Figure 6.14) develops in the skull adjacent to the tumor. This new bone formation is a reaction to the tumor, although the precise mechanism is unknown. Some cases show no tumor cells in the thickened bone or in the dura against the tumor surface; in others, tumor cells extend through the dura into the skull. Hyperostosis is usually accompanied by hypervascularity. Changes in the outer table produce a visible bony prominence on the head (Figure 6.15). A tuberculum sellae tumor may produce brushlike hyperostosis(1) (Figure 6.16). Another diagnostically important finding is upward bulging of the cortical bone above the ethmoid and sphenoid sinuses, enlarging the air sinus beneath the tumor upward. This is termed blistering(1) (Figure 6.16). With a sphenoid tumor, particularly meningioma en plaque, hyperostosis may cause exophthalmos and temporal bony prominence (Figure 6.17).

[image: Figure 6.12 A. Suprasellar eggshell calcification (arrow) in a patient with craniopharyngioma.B. Lateral view of the same patient, also showing a calcified sellar mass.C. A calcified craniopharyngioma mass in the sellar region.]Figure 6.12 A. Suprasellar eggshell calcification (arrow) in a patient with craniopharyngioma.
B. Lateral view of the same patient, also showing a calcified sellar mass.
C. A calcified craniopharyngioma mass in the sellar region.
[image: Figure 6.13 Calcified temporal lobe meningioma. Note its homogeneous white appearance.]Figure 6.13 Calcified temporal lobe meningioma. Note its homogeneous white appearance.
[image: Figure 6.14 Frontal bone hyperostosis in a patient with frontal meningioma. Note the hypervascular grooves around the hyperostotic region.]Figure 6.14 Frontal bone hyperostosis in a patient with frontal meningioma. Note the hypervascular grooves around the hyperostotic region.
[image: Figure 6.15 A bony prominence of the skull in a patient with meningioma.]Figure 6.15 A bony prominence of the skull in a patient with meningioma.
[image: Figure 6.16 Brushlike hyperostosis at the tuberculum sellae (arrow in A) and upward bulging (blistering) of the cortical roof of the air sinus (arrow in B) in a patient with tuberculum sellae meningioma.]Figure 6.16 Brushlike hyperostosis at the tuberculum sellae (arrow in A) and upward bulging (blistering) of the cortical roof of the air sinus (arrow in B) in a patient with tuberculum sellae meningioma.
[image: Figure 6.17 Unilateral exophthalmos and left temporal bony prominence in a patient with meningioma en plaque of the left sphenoid bone.]Figure 6.17 Unilateral exophthalmos and left temporal bony prominence in a patient with meningioma en plaque of the left sphenoid bone.
4. Local bone erosion. Bone at the site of a tumor consistently shows destruction or a reactive change. Rapidly growing tumors, such as skull metastases, destroy bone rapidly and extensively. Slowly growing tumors, such as meningioma, neurilemmoma, and pituitary adenoma, cause slow, localized destruction. Most tumors that erode bone lie at the skull base. Common examples include pituitary tumors, optic nerve glioma, acoustic nerve tumors, and glomus jugulare tumors. The changes are visible on skull radiographs.

4.1 Changes in the sella turcica. An intrasellar tumor, such as a pituitary adenoma, enlarges the sella into a rounded shape extending beneath the tuberculum sellae and anterior clinoid. This is called ballooning of the sella (Figure 6.18). A double sellar floor may be seen, indicating greater growth on one side than the other (Figure 6.19). This appearance may also occur with a medial lesser-wing meningioma or an intracavernous aneurysm.

[image: Figure 6.18 Ballooning of the sella in a patient with a pituitary tumor.]Figure 6.18 Ballooning of the sella in a patient with a pituitary tumor.
[image: Figure 6.19 A double floor of the sella turcica.]Figure 6.19 A double floor of the sella turcica.
An early intrasellar tumor erodes the junction of the dorsum sellae and sellar floor. The bone gradually thins and ultimately disappears. With a slowly growing tumor, reossification may produce a thin bony outline, creating the ballooned appearance.

4.2 Changes in the internal auditory canal are demonstrated by Towne’s and Stenvers’ skull views. They are important in diagnosing acoustic nerve tumors, most of which arise near the meatus of the internal auditory canal. As the mass enlarges, the following canal changes occur (Figure 6.20, A, B, and C): i) the internal meatus enlarges to more than 8 mm vertically; ii) the canal becomes funnel-shaped, with the wider end medially; iii) its upper margin becomes indistinct; iv) one canal exceeds the other in size by more than 2 mm; and v) a large tumor may destroy the petrous apex.

[image: Figure 6.20 Internal auditory canal changes in a patient with an acoustic tumor. Note the funnel-shaped enlargement on the side of the tumor.A. Frontal view.B. Stenvers’ view.C. Towne’s view.][image: Additional Stenvers’ and Towne’s views]Figure 6.20 Internal auditory canal changes in a patient with an acoustic tumor. Note the funnel-shaped enlargement on the side of the tumor.
A. Frontal view.
B. Stenvers’ view.
C. Towne’s view.
4.3 Changes in the jugular foramen. Enlargement occurs with glomus jugulare tumors. Some also destroy the posterior petrous bone (Figure 6.21).

[image: Figure 6.21 Skull-base view showing enlargement of the jugular foramen in a patient with a glomus jugulare tumor.]Figure 6.21 Skull-base view showing enlargement of the jugular foramen in a patient with a glomus jugulare tumor.
4.4 Changes in the optic foramen. Both sides must be imaged and compared. Normally they should be equal or differ by no more than 2 mm. With optic nerve glioma, the optic foramen enlarges and has a thin, sharply defined margin (Figure 6.22) because the tumor grows slowly. A lateral skull radiograph shows a J-shaped sella (Figure 6.23), named for its shape. The tumor presses on and flattens the anterior sella and tuberculum sellae. The combination of an enlarged optic foramen and a J-shaped sella is important in diagnosing optic nerve glioma.

[image: Figure 6.22 Enlarged optic foramen with a thin, sharply defined margin in a patient with optic nerve glioma.]Figure 6.22 Enlarged optic foramen with a thin, sharply defined margin in a patient with optic nerve glioma.
[image: Figure 6.23 Lateral skull view during pneumoencephalography showing an optic nerve glioma (T) and a J-shaped sella.]Figure 6.23 Lateral skull view during pneumoencephalography showing an optic nerve glioma (T) and a J-shaped sella.
Optic nerve meningiomas may produce hyperostosis or erosion of the foramen. Nasopharyngeal carcinoma extending upward destroys the optic foramen together with the adjacent skull base (Figure 6.24).

[image: Figure 6.24 Destruction of the skull base and a soft-tissue shadow from nasopharyngeal carcinoma within the sphenoid air sinus (arrow).]Figure 6.24 Destruction of the skull base and a soft-tissue shadow from nasopharyngeal carcinoma within the sphenoid air sinus (arrow).
4.5 Changes in the clivus. A clival chordoma may extend into the middle cranial fossa, C-P angle, and foramen magnum, causing destruction of the petrous bone together with the clivus.

Nasopharyngeal carcinoma extending into the base of the brain can likewise destroy bone in this region.

Original pages 374–375
CEREBRAL ANGIOGRAPHY

Before C.T. and MRI became available, this was an important investigation performed alongside skull radiography. It provided a high rate of accurate diagnosis, but was invasive and potentially hazardous, with several possible complications that could be severe enough to cause paralysis. A physician performing this investigation therefore required adequate training. In experienced hands, important complications would not occur. The introduction of C.T. and MRI (around 1973 and 1987, respectively) greatly reduced the use of angiography to diagnose brain tumors and other expanding masses. It continued to be performed in selected cases to determine the location of important vessels and the vascularity of a tumor, information useful in planning surgery for maximum patient safety, and in vascular disorders such as aneurysms and AVMs. Nevertheless, where C.T. is unavailable, angiography remains a very useful investigation and should therefore be learned.

When angiography is used to investigate a tumor, three types of change in the cerebral vessels must be examined:

	Local stretching of cerebral vessels at the site of the tumor
	Vessels affected by herniation or displacement of midline structures toward a region of lower pressure; and
	Abnormal circulation within the tumor


Before discussing abnormalities on an angiogram, the normal appearances of carotid and vertebral angiograms will be described to provide a basis for understanding. The technique of cerebral angiography will not be discussed.

Original pages 375–382
Normal appearance of the carotid angiogram

The internal carotid artery branches from the common carotid artery at the level of the upper part of the thyroid cartilage and enters the carotid canal in the petrous bone. Its cervical portion has no branches. The artery runs through the carotid canal into the cavernous sinus; this is called the cavernous sinus portion. On a lateral skull radiograph it runs horizontally at approximately the level of the floor of the sella turcica. It then emerges from the cavernous sinus medial to the anterior clinoid process and enters the subarachnoid space. The artery passes upward and backward between the optic and oculomotor nerves. This is called the supraclinoid portion. On the lateral view, the cavernous and supraclinoid portions form a curved, pipe-like configuration called the carotid siphon. On the AP view, its shape is less clear because the vessels overlap, but the supraclinoid portion can be seen passing upward and slightly laterally before dividing into the anterior and middle cerebral arteries (Figure 6.25).

[image: Figure 6.25 Carotid angiogram in the frontal projection.1. = carotid siphon2. = supraclinoid portion3. = middle cerebral artery4. = anterior cerebral artery5. = anterior choroidal artery]Figure 6.25 Carotid angiogram in the frontal projection.
1. = carotid siphon
2. = supraclinoid portion
3. = middle cerebral artery
4. = anterior cerebral artery
5. = anterior choroidal artery
As the internal carotid artery passes through the carotid canal and cavernous sinus, it gives off small branches that are normally invisible on an angiogram. A branch may enlarge and become visible when it supplies a tumor or other lesion in that region.

Branches of the internal carotid artery

1. Ophthalmic artery. This is the first branch visible on the angiogram. It arises immediately after the internal carotid artery emerges from the cavernous sinus and enters the orbit through the optic foramen. On a lateral angiogram it is seen running forward from the internal carotid artery (Figure 6.27).

2. Posterior communicating artery. This arises from the posterior aspect of the internal carotid artery and passes backward and medially to join the posterior cerebral artery approximately 1 cm from the basilar bifurcation. These two arteries form part of the circle of Willis. On a lateral view, the posterior communicating artery runs horizontally or curves slightly downward and is about 1.5 cm long. Its origin may be enlarged, a feature called junctional dilatation that can sometimes be confused with an aneurysm. If this enlargement does not exceed 3 mm and the posterior communicating artery arises from its apex, it is considered normal rather than an aneurysm. On the AP view, the proximal posterior communicating artery is hidden by the internal carotid artery, while its posterior portion lies medial to the internal carotid artery (Figure 6.26). This relationship is important: a change in position should be regarded as abnormal.

3. Anterior choroidal artery. This arises from the internal carotid artery slightly behind the posterior communicating artery. It is a small vessel that runs backward and laterally into the choroidal fissure of the anterior temporal lobe to supply the choroid plexus, hippocampus, and basal ganglia.

On a lateral angiogram, this artery passes backward and slightly downward before curving upward (Figure 6.26b). On the frontal (AP) view, it passes upward and slightly medially for a short distance before turning laterally into the temporal horn (Figure 6.25).

In tumors of the choroid plexus or basal ganglia, this artery may be enlarged and form a visibly elongated curve.

4. Anterior cerebral artery. This is one of the two terminal branches of the internal carotid artery. It runs forward and toward the midline, passes over the anterior perforated substance above the optic nerve and optic chiasm, and connects with the opposite anterior cerebral artery through the anterior communicating artery. It then runs backward along the corpus callosum as far as the parieto-occipital fissure. Because it lies close to the midline of the cerebral hemispheres, it is an important vessel for demonstrating midline shift (herniation) of the brain.

[image: Figure 6.26 Carotid angiogram showing the posterior communicating artery (long arrow), posterior cerebral artery (short arrow), and anterior choroidal artery (arrowhead).a. Frontal view.b. Lateral view.]Figure 6.26 Carotid angiogram showing the posterior communicating artery (long arrow), posterior cerebral artery (short arrow), and anterior choroidal artery (arrowhead).
a. Frontal view.
b. Lateral view.
The important branches of the anterior cerebral artery visible on angiography are:

4.1 The frontopolar artery arises before the anterior cerebral artery reaches the genu of the corpus callosum and runs forward to supply the anterior frontal lobe (Figure 6.27).

4.2 The callosomarginal artery is a large branch arising behind the frontopolar artery. It follows the callosomarginal sulcus and divides into anterior, middle, and posterior internal frontal branches, supplying the medial frontal lobe as far as the paracentral lobule (Figure 6.27).

4.3 The pericallosal artery is the distal continuation of the anterior cerebral artery and runs backward to the parieto-occipital fissure (Figure 6.27).

5. Middle cerebral artery. After arising from the internal carotid artery, it runs laterally and slightly forward into the beginning of the Sylvian fissure, where it divides into three branches (trifurcation). The major branches pass upward and backward over the surface of the insula (island of Reil), giving off further branches while on the insula. There are about 5–8 branches from front to back. These ascend to the cleft between the insula and operculum, then turn downward to emerge on the surface of the Sylvian fissure and supply the frontal, parietal, and temporal cortex.

On a lateral angiogram, these branches are arranged from front to back. Three lines—one joining the points where the branches turn back toward the Sylvian fissure, one along the middle cerebral artery, and one along the first (most anterior) insular branch—form a triangle called the Sylvian triangle (Figure 6.27). This is very important for localizing tumors and other expanding masses.

[image: Figure 6.27 The Sylvian triangle and branches of the anterior cerebral artery.1. = frontopolar artery2. = callosomarginal artery3. = pericallosal artery4. = ophthalmic artery]Figure 6.27 The Sylvian triangle and branches of the anterior cerebral artery.
1. = frontopolar artery
2. = callosomarginal artery
3. = pericallosal artery
4. = ophthalmic artery
Tumors at different sites produce characteristic changes in the shape of this triangle. Its most posterior point is called the angiographic Sylvian point.

On the frontal view, the middle cerebral artery branch over the anterior insula lies lowest and most medially. Successive branches lie progressively higher and farther laterally, so that the most posterior branch is highest and most lateral. This arrangement reflects the fact that the anterior insula is nearer the cerebral midline than the posterior insula (Figure 6.28). The middle cerebral artery itself lies approximately 20–30 mm from the inner skull, while the angiographic Sylvian point lies about 30–43 mm away. The latter point is approximately halfway along a line drawn from the upper border of the petrous bone to a horizontal line along the inner skull at the vertex(1) (Figure 6.29). Changes in these relationships indicate the location of a tumor, as described below.

[image: Figure 6.28 Arrangement of the middle cerebral artery branches on the insular cortex, from anterior to posterior.]Figure 6.28 Arrangement of the middle cerebral artery branches on the insular cortex, from anterior to posterior.
[image: Figure 6.29 Position of the angiographic point in the frontal view.]Color added while retaining the original linework and letteringFigure 6.29 Position of the angiographic point in the frontal view.
The small branches arising from the horizontal segment of the middle cerebral artery are the medial and lateral lenticulostriate arteries. Approximately 2–6 can be seen on an angiogram. They ascend into the anterior perforating substance. The medial lenticulostriate arteries supply the medial ganglia, including the lentiform nuclei, internal capsule, thalamus, and caudate nucleus. The lateral lenticulostriate arteries supply the putamen, lateral part of the globus pallidus, and internal capsule. On a frontal angiogram, the lenticulostriate arteries form an S-shaped curve (Figure 6.25). They are usually not visible on the lateral view because the internal carotid bifurcation obscures them. With tumors of the basal ganglia, these vessels become enlarged and their position and shape are abnormal.

Original pages 382–387
Normal appearance of the vertebral angiogram

VERTEBRAL ARTERY arises from the subclavian artery and enters the foramina transversaria from C6 to C1. It then pierces the dura at the foramen magnum, enters the posterior fossa, and joins the opposite vertebral artery at the pontomedullary junction to form the basilar artery. The basilar artery lies in the midline anterior to the pons. At the upper border of the pons, or the level of the dorsum sellae, it divides into the two posterior cerebral arteries. The important vertebrobasilar branches that should be recognized and are visible on angiography are (Figure 6.30):

	posterior inferior cerebellar a.
	anterior inferior cerebellar a.
	superior cerebellar a.
	posterior cerebral a.
	posterior choroidal a.


[image: Figure 6.30 Vertebral angiogram in the frontal view.1. Vertebral artery.2. Basilar artery.3. Superior cerebellar artery.4. Posterior cerebral artery.]Figure 6.30 Vertebral angiogram in the frontal view.
1. Vertebral artery.
2. Basilar artery.
3. Superior cerebellar artery.
4. Posterior cerebral artery.
Posterior inferior cerebellar artery. This arises from the vertebral artery approximately 1–2 cm before the latter joins to form the basilar artery. It runs backward along the side of the medulla and divides into medial and lateral branches. The lateral branch supplies the inferior cerebellum. The medial branch lies along the medial aspect of the tonsil and curves around its lower border, forming the caudal loop. It then ascends to the upper tonsil, corresponding to the posterior aspect of the fourth ventricle, and forms the rostral loop. Beyond this, it supplies the medial cerebellar hemisphere and vermis. A choroidal branch arising at the rostral loop supplies the fourth ventricular choroid plexus and can sometimes be seen. On the lateral view, the posterior inferior cerebellar artery and its caudal loop are clearly visible as described (Figure 6.31). On the AP view, the vessel is initially some distance from the midline at its origin from the vertebral artery, then approaches the midline. The arteries on the two sides are approximately 3 mm apart. Their separation indicates a tumor developing between them.

[image: Figure 6.31 Vertebral angiogram in the lateral view.1. = caudal loop2. = rostral loop3. = choroidal point4. = superior cerebellar artery5. = posterior cerebral artery]Figure 6.31 Vertebral angiogram in the lateral view.
1. = caudal loop
2. = rostral loop
3. = choroidal point
4. = superior cerebellar artery
5. = posterior cerebral artery
The caudal and rostral loops are important landmarks for posterior fossa lesions because they indicate the positions of the tonsil and posterior fourth ventricle, respectively. A posterior fossa tumor causes tonsillar herniation, with the caudal loop displaced through the foramen magnum into the cervical canal (Figure 6.32), visible on the lateral skull view. Normally, the caudal loop is at the lower border of the tonsil and lies no lower than the margin of the foramen magnum. In some patients it may descend as far as C2–3. The rostral loop may also change position: a tumor within the fourth ventricle displaces it backward (Figure 6.69).

[image: Figure 6.32 Tonsillar herniation: the caudal loop of the posterior inferior cerebellar artery is displaced below the margin of the foramen magnum.]Figure 6.32 Tonsillar herniation: the caudal loop of the posterior inferior cerebellar artery is displaced below the margin of the foramen magnum.
Anterior inferior cerebellar artery. This small vessel arises from the proximal basilar artery and runs laterally toward the internal auditory meatus. It can be seen on a frontal vertebral angiogram. On the lateral view it is obscured by bone, and in some patients it is not visible on angiography.

Superior cerebellar artery. This arises from the basilar artery just before its termination and runs laterally and slightly downward around the lateral midbrain to the side of the quadrigeminal plate. It then curves upward to supply the superior cerebellum. On a lateral vertebral angiogram, it lies below the posterior cerebral artery. Over the cerebellum it forms a dome with its apex superiorly, but below the medial branch of the posterior cerebral artery (Figure 6.31). If this dome lies above the posterior cerebral artery, a cerebellar tumor should be suspected. On the frontal view, the superior cerebellar artery initially lies below the posterior cerebral artery. After passing around the midbrain, it lies more medially than the posterior cerebral artery (Figure 6.30). The superior cerebellar arteries on the two sides have matching configurations and relationships to the posterior cerebral arteries.

Posterior cerebral artery. This is a terminal branch of the basilar artery. The portion that curves around the midbrain is infratentorial. At the tentorial edge, it ascends into the supratentorial compartment to supply the temporal and occipital lobes.

Posterior choroidal artery. This arises from the proximal posterior cerebral artery and curves around the midbrain alongside it. This portion is not visible on the vertebral angiogram because it is obscured by the posterior cerebral artery. There are two posterior choroidal branches, medial and lateral (Figure 6.33). The medial posterior choroidal artery passes to the back of the midbrain. On reaching the side of the pineal gland, it enters the tela choroidea of the third ventricle to supply its choroid plexus. The lateral posterior choroidal artery passes around the posterior border of the thalamus to supply the choroid plexus of the lateral ventricle.

[image: Figure 6.33 Lateral vertebral angiogram showing the posterior choroidal arteries, branches of the posterior cerebral artery. The lateral posterior choroidal artery (long arrow) lies posterior to the medial posterior choroidal artery (short arrow).]Figure 6.33 Lateral vertebral angiogram showing the posterior choroidal arteries, branches of the posterior cerebral artery. The lateral posterior choroidal artery (long arrow) lies posterior to the medial posterior choroidal artery (short arrow).
On a frontal vertebral angiogram, the posterior cerebral artery lies above the superior cerebellar artery, then passes lateral to it (Figure 6.30). In the supratentorial compartment, it gives off temporal and occipital branches whose positions vary. The posterior choroidal arteries are usually not visible. On the lateral vertebral angiogram, the posterior cerebral artery lies above the superior cerebellar artery throughout; any change in this relationship is abnormal. The posterior choroidal arteries are usually visible on the lateral view. Both curve backward and upward, with the lateral posterior choroidal artery forming a wider arc and lying posterior to the medial posterior choroidal artery. Changes in the configuration or size of these vessels indicate lesions of the thalamus, ventricle, or pineal gland.

Original pages 387–393
Normal appearance of the cerebral veins

The cerebral veins are divided into superficial and deep cerebral veins. Venous blood drains into the superior sagittal, inferior sagittal, and transverse sinuses and then into the internal jugular vein.

SUPERFICIAL CEREBRAL VEINS

1. SUPERIOR SUPERFICIAL CEREBRAL VEINS lie on the cortex of the cerebral hemispheres and run upward and backward. Before emptying into the superior sagittal sinus, they turn forward and then enter the sinus. At the central sulcus, a large vein called the superior anastomotic vein of Trolard (Figure 6.34) marks the position of the motor cortex. In the anterior frontal lobe, the superficial cerebral veins are less conspicuous than posteriorly.

2. MIDDLE CEREBRAL VEIN lies in the Sylvian fissure and receives blood from the lower frontal lobe and upper temporal lobe. It descends along the Sylvian fissure into the sphenoparietal sinus at the medial sphenoid ridge. Blood then drains into the cavernous sinus (Figure 6.34).

[image: Figure 6.34 Lateral view of the superficial and deep cerebral veins.1. Superior anastomotic vein of Trolard.2. Middle cerebral vein.3. Inferior anastomotic vein of Labbé.4. Internal cerebral vein.5. Great vein of Galen.6. Thalamostriate vein.7. Basal vein of Rosenthal.]Figure 6.34 Lateral view of the superficial and deep cerebral veins.
1. Superior anastomotic vein of Trolard.
2. Middle cerebral vein.
3. Inferior anastomotic vein of Labbé.
4. Internal cerebral vein.
5. Great vein of Galen.
6. Thalamostriate vein.
7. Basal vein of Rosenthal.
3. INFERIOR ANASTOMOTIC VEIN OF LABBÉ communicates with the superior anastomotic vein of Trolard and the middle cerebral vein. It runs downward and backward over the posterior temporal lobe to enter the transverse sinus (Figure 6.34).

Important DEEP CEREBRAL VEINS

1) INTERNAL CEREBRAL VEIN begins at the foramen of Monro through the union of the thalamostriate and septal veins. It runs in the roof of the third ventricle close to the midline, parallel to the internal cerebral vein on the opposite side. The veins curve upward and then downward to unite above the suprapineal recess, forming the great vein of Galen (Figure 6.34).

2) GREAT VEIN OF GALEN passes into the quadrigeminal cistern and then curves upward into the straight sinus, which joins the transverse sinus at the torcular Herophili. In some patients, the posterior callosal vein is visible as a small vessel running along the posterior border of the splenium to join the anterior part of the great vein of Galen. This vessel helps identify the position of the splenium.

3) THALAMOSTRIATE VEIN lies between the thalamus and caudate nucleus and receives blood from the wall of the lateral ventricle. It therefore indicates the size of the lateral ventricle. On the lateral carotid angiogram it lies above and parallel to the internal cerebral vein (Figure 6.34). On the frontal view, the two thalamostriate veins form curves on either side of the internal cerebral veins, resembling buffalo horns (Figure 6.35). If the ventricles are enlarged, these curves extend farther from the midline. This is a more reliable sign of ventricular enlargement than changes in the anterior cerebral artery. Conversely, a vein lying unusually close to the midline indicates a smaller ventricle or one compressed by a tumor lateral to it.

[image: Figure 6.35 Frontal view of the superficial and deep cerebral veins.1. Thalamostriate vein.2. Basal vein of Rosenthal.]Figure 6.35 Frontal view of the superficial and deep cerebral veins.
1. Thalamostriate vein.
2. Basal vein of Rosenthal.
The junction of the thalamostriate vein with the internal cerebral vein and the septal vein from the septum pellucidum is called the “venous angle.” It corresponds to the foramen of Monro and normally lies directly above the dorsum sellae or slightly posterior to this line. Displacement of the venous angle indicates pressure from an expanding mass. In some patients, the thalamostriate vein joins the internal cerebral vein behind the foramen of Monro, placing the venous angle farther posteriorly than usual. This is called a “false venous angle” (Figure 6.36), and caution is required in interpretation. If a frontal lobe tumor truly displaces the venous angle backward, the internal cerebral vein must also be displaced into an upward arch.

[image: Figure 6.36 False venous angle.1. Internal cerebral vein.2. Thalamostriate vein.3. Septal vein.4. Venous angle corresponding to the foramen of Monro.]Color added while retaining the original linework and letteringFigure 6.36 False venous angle.
1. Internal cerebral vein.
2. Thalamostriate vein.
3. Septal vein.
4. Venous angle corresponding to the foramen of Monro.
4) BASAL VEIN OF ROSENTHAL originates in the anteromedial temporal lobe, the interpeduncular fossa of the midbrain, and the anterior perforated substance. It passes backward and upward around the midbrain to join the internal cerebral vein on each side before these unite as the great vein of Galen. Its appearance in the lateral and AP views is shown in Figures 6.34 and 6.35.

5) VEINS OF THE POSTERIOR FOSSA are seen on vertebral angiography and are divided into three groups(1): i) the superior group drains the superior cerebellum into the vein of Galen; ii) the anterior group drains the anterior cerebellum into the petrosal sinus; and iii) the posterior group drains the posterior cerebellum into the torcular, straight sinus, and transverse sinus. Two other important veins are the anterior pontomesencephalic vein, lying anterior to the pons, and the precentral cerebellar vein, running in the precentral cerebellar fissure (Figure 6.37a, b). Visualization of these two veins helps localize tumors.

DURAL SINUSES

These are important because they receive venous blood from the brain. Obstruction causes cerebral venous congestion and brain swelling and may be fatal. The important dural sinuses are:

1) SUPERIOR SAGITTAL SINUS lies beneath the superior sagittal suture. It begins at the nasion and passes backward, progressively increasing in size, to join the transverse sinus at the torcular Herophili; drainage then continues into the internal jugular vein. Most blood passes into the right transverse sinus. This sinus receives blood from cortical veins, which enter in a direction opposed to the flow within the superior sagittal sinus.

2) INFERIOR SAGITTAL SINUS lies along the lower edge of the falx cerebri and is visible on some carotid angiograms. At the junction of the falx and tentorium, the great vein of Galen joins it to form the straight sinus, which runs backward in the midline to the torcular.

3) TRANSVERSE SINUS begins at the torcular, receiving blood from the superior and inferior sagittal sinuses and the straight sinus. It extends to either side along the junction of the supratentorial and infratentorial compartments, continuing into the sigmoid sinus and internal jugular vein. The right transverse sinus is usually larger than the left.

[image: Figure 6.37 a. Lateral view showing important posterior fossa veins: the anterior pontomesencephalic vein (arrow) and precentral cerebellar vein (arrowhead).b. Frontal view of the posterior fossa veins.]Figure 6.37 a. Lateral view showing important posterior fossa veins: the anterior pontomesencephalic vein (arrow) and precentral cerebellar vein (arrowhead).
b. Frontal view of the posterior fossa veins.
Original page 393
Angiographic abnormalities in brain tumors

A brain tumor is an expanding lesion that compresses brain tissue, vessels, and cerebrospinal fluid pathways. Adverse consequences include cerebral edema, hydrocephalus, increased intracranial pressure, and herniation of brain tissue and vessels. Angiography can demonstrate the following changes:

	Herniation of vessels and brain tissue across the midline toward the side with lower intracranial pressure.
	The location and size of the tumor, indicated by displacement of vessels at the tumor site from their normal positions.
	The tumor type, judged from its blood supply, the rate of blood flow, and the pattern of vascular abnormalities within it.


Original pages 393–400
Angiographic appearances of cerebral herniation

A tumor may produce four important forms of herniation: i) midline shift, ii) transtentorial herniation, iii) tonsillar herniation, and iv) upward cerebellar herniation. These can be demonstrated by angiography, with the characteristic appearances described below.

MIDLINE SHIFT is displacement of the brain across the midline toward the side with lower intracranial pressure, passing beneath the falx. It is called subfalcine or cingulate herniation because the displaced structure is the cingulate gyrus, accompanied by the anterior cerebral artery. The inferomedial frontal lobe and anterior portion of the anterior cerebral artery are not covered by the falx, so they are displaced to the opposite side more readily than posterior structures, which are almost completely covered by the broader posterior falx. The pericallosal artery on the corpus callosum is not covered by the falx along its course, although its branches are. On a frontal carotid angiogram, the anterior cerebral arteries run parallel on either side of the midline. When an anterior cerebral artery and its branches are displaced to the opposite side, the lower edge of the falx forces them back toward the midline, creating an angular, step-like appearance (Figures 6.39–6.41).

Midline shift also affects the internal cerebral vein, septal vein, and vein of Galen. In deep-seated brain tumors, displacement of these deep veins is more conspicuous than displacement of the anterior cerebral artery (Figure 6.38).

[image: Figure 6.38 Midline shift of the deep veins.]Figure 6.38 Midline shift of the deep veins.
Displacement of the anterior cerebral artery from the midline takes several forms that also help localize the tumor. The appearances on carotid angiography are as follows:

1. PROXIMAL SHIFT is displacement of the anterior portion of the anterior cerebral artery beneath the falx to the opposite side, with its distal portion gradually returning to the midline without an angular bend (Figure 6.39). It is clearly seen on the frontal view and indicates a tumor in the anterior and inferior frontal lobe.

[image: Figure 6.39 Proximal shift of the anterior cerebral artery.]Figure 6.39 Proximal shift of the anterior cerebral artery.
[image: Figure 6.40 Rounded shift of the anterior cerebral artery.]Figure 6.40 Rounded shift of the anterior cerebral artery.
[image: Figure 6.41 Square shift of the anterior cerebral artery.]Figure 6.41 Square shift of the anterior cerebral artery.
2. ROUNDED SHIFT is a bowing of both the anterior and posterior portions of the anterior cerebral artery to the opposite side (Figure 6.40). It indicates a large frontal lobe tumor at or near the origin of the pericallosal artery.

3. SQUARE SHIFT is equal displacement of the anterior and posterior portions of the anterior cerebral artery to the opposite side (Figure 6.41). It indicates a tumor in the posterior frontal lobe. Although pressure from the tumor is greater posteriorly, the broader posterior falx limits displacement of the posterior anterior cerebral artery; consequently, the brain and vessels are displaced by equal amounts.

4. DISTAL SHIFT shows displacement of the posterior anterior cerebral artery to the opposite side, followed by an abrupt return to the midline where it is restrained by the falcine edge. The anterior portion remains in the midline (Figure 6.42). This indicates a parietal lobe tumor, especially in the parasagittal area. The anterior portion remains central because the pressure does not reach it. A very large mass may displace it somewhat, but less than the posterior portion.

The internal cerebral vein lies at the midline in the center of the brain, making it an important vessel in which contralateral displacement may be seen. Displacement of the internal cerebral vein without a corresponding change in the anterior cerebral artery indicates a deep tumor in the posterior frontal lobe or thalamic region. Changes in its shape may also localize a tumor, as discussed later.

[image: Figure 6.42 Distal shift of the anterior cerebral artery.]Figure 6.42 Distal shift of the anterior cerebral artery.
TRANSTENTORIAL HERNIATION changes the configuration of the posterior communicating and posterior cerebral arteries. On the lateral carotid angiogram, uncal herniation produces increased downward bowing of the posterior communicating artery because the uncus presses on it from above (Figure 6.43a). If the parahippocampal gyrus also herniates, both the posterior communicating and posterior cerebral arteries sag in a broad downward curve. At the tentorial edge, the vessel makes an angular upward turn into the supratentorial compartment (Figure 6.43b). The anterior choroidal artery is stretched horizontally. On the AP view, both the posterior cerebral and anterior choroidal arteries shift toward the midline (Figure 6.44), an important diagnostic feature. The anterior choroidal artery also forms a wider arc.

[image: Figure 6.43 a. Uncal herniation: note the downward displacement of the posterior communicating artery.b. Uncal and parahippocampal herniation: note the downward displacement of the posterior communicating and posterior cerebral arteries.]Figure 6.43 a. Uncal herniation: note the downward displacement of the posterior communicating artery.
b. Uncal and parahippocampal herniation: note the downward displacement of the posterior communicating and posterior cerebral arteries.
[image: Figure 6.44 Frontal carotid angiogram showing transtentorial herniation. Note displacement of the posterior communicating and posterior cerebral arteries toward the midline.]Figure 6.44 Frontal carotid angiogram showing transtentorial herniation. Note displacement of the posterior communicating and posterior cerebral arteries toward the midline.
TONSILLAR HERNIATION is demonstrated by the caudal loop of the posterior inferior cerebellar artery lying below the margin of the foramen magnum, clearly visible on a lateral vertebral angiogram (Figure 6.32). The tonsil may descend as far as C2–3. In posterior fossa tumors, the tonsil on the tumor side usually herniates farther downward than the opposite tonsil.

UPWARD CEREBELLAR HERNIATION displaces the basilar artery forward on the lateral vertebral angiogram because the upward-herniating tissue lies behind the brainstem. The superior cerebellar artery rises above the posterior cerebral artery (Figure 6.45), on one or both sides. The most important venous-phase finding is elevation of the great vein of Galen and the posterior basal vein of Rosenthal by the upward-herniating cerebellar tissue.

[image: Figure 6.45 Lateral vertebral angiogram showing upward cerebellar herniation. Note the superior cerebellar artery branch (arrow) displaced above the posterior cerebral artery by the tumor (T).]Figure 6.45 Lateral vertebral angiogram showing upward cerebellar herniation. Note the superior cerebellar artery branch (arrow) displaced above the posterior cerebral artery by the tumor (T).
Original pages 400–430
Local vascular changes caused by brain tumors

Wherever a tumor develops, it compresses nearby vessels and alters their configuration and position. Arteries and veins adjacent to it may be stretched in an arc around its margin, sometimes outlining the mass. The tortuosity of vessels following the gyri disappears; the vessels become narrower and straighter. An infiltrative tumor without cerebral edema may cause relatively little vascular change. When a tumor produces local cerebral edema, vessels in the sulci are compressed into curves by the mass and swelling. On the lateral carotid angiogram, groups of vessels form concentric curved layers resembling an onion cut across (Figure 6.46). With a subcortical tumor, pressure from the mass and edema spreads the cortex, stretching and separating the vessels (Figure 6.47).

[image: Figure 6.46 Cortical vessels displaced by a tumor and cerebral edema into a pattern resembling the layers of a cross-sectioned onion (onion peel).]Figure 6.46 Cortical vessels displaced by a tumor and cerebral edema into a pattern resembling the layers of a cross-sectioned onion (onion peel).
[image: Figure 6.47 Local vascular changes at a tumor site. Note the separation of middle cerebral artery branches.]Figure 6.47 Local vascular changes at a tumor site. Note the separation of middle cerebral artery branches.
In the posterior fossa, tumors can alter the positions of the superior cerebellar, basilar, and posterior inferior cerebellar arteries, just as supratentorial tumors alter vessels in that compartment.

Deep cerebral hemisphere tumors can alter the size and shape of the septal vein, internal cerebral vein, thalamostriate vein, great vein of Galen, and basal vein of Rosenthal (Figure 6.50).

Taveras used the Sylvian fissure as a reference(1) for angiographic localization of tumors (Figure 6.48), as follows:

a. SUPRATENTORIAL TUMORS at the following sites:

	anterior frontal lobe
	supra-Sylvian (posterior frontal and anterior parietal)
	infra-Sylvian (temporal lobe)
	retro-Sylvian (temporo-occipital, parieto-occipital, and occipital lobe)
	latero-Sylvian (lateral to the Sylvian fissure, extracerebral)
	intra-Sylvian (within the Sylvian fissure)
	centro-Sylvian (thalamus, basal ganglia, deep posterior frontal)
	hydrocephalus
	intraventricular, periventricular structures
	suprasellar and parasellar


b. INFRATENTORIAL TUMORS
c. INCISURAL TUMORS

Dividing the brain into regions related to the Sylvian fissure and Sylvian triangle is useful for tumor localization. Physicians should therefore observe and remember the normal Sylvian triangle. Tumors at different sites alter its shape in different ways, as described below.

[image: Figure 6.48 Brain tumor locations in relation to the Sylvian fissure.1. Anterior Sylvian (anterior frontal lobe).2. Supra-Sylvian.3. Infra-Sylvian.4. Retro-Sylvian.]Color added while retaining the original linework and letteringFigure 6.48 Brain tumor locations in relation to the Sylvian fissure.
1. Anterior Sylvian (anterior frontal lobe).
2. Supra-Sylvian.
3. Infra-Sylvian.
4. Retro-Sylvian.
ANTERIOR FRONTAL LOBE TUMORS produce changes in three vascular structures: the anterior cerebral artery, the distal internal carotid artery, and the Sylvian triangle vessels. The anterior cerebral artery changes are particularly important. A tumor causes proximal shift, or rounded shift if large. A frontobasal tumor elevates the frontopolar and anterior cerebral arteries (Figure 6.49). An olfactory groove meningioma arches the anterior cerebral artery upward with little or no contralateral displacement, although a predominantly unilateral tumor also displaces it to the opposite side. A frontal lobe tumor bows the anterior cerebral and frontopolar arteries backward. The Sylvian triangle may be unaffected, but a large tumor or one extending posteriorly pushes the anterior insular branches backward, compressing the triangle posteriorly (Figure 6.49). The carotid siphon narrows as the internal carotid artery is depressed and its bifurcation displaced backward. The internal cerebral vein becomes more arched upward, and the venous angle is displaced backward (Figure 6.50).

[image: Figure 6.49 Tumor at the base of the anterior frontal lobe. The frontopolar and anterior cerebral arteries are displaced upward and backward. The anterior middle cerebral artery branches of the Sylvian triangle are pushed backward by the anteriorly situated tumor.]Figure 6.49 Tumor at the base of the anterior frontal lobe. The frontopolar and anterior cerebral arteries are displaced upward and backward. The anterior middle cerebral artery branches of the Sylvian triangle are pushed backward by the anteriorly situated tumor.
[image: Figure 6.50 Frontal lobe tumor arching the septal vein upward (arrow) and displacing the venous angle backward.]Figure 6.50 Frontal lobe tumor arching the septal vein upward (arrow) and displacing the venous angle backward.
An anterior parasagittal tumor may depress the anterior portions of the pericallosal and callosomarginal arteries.

Supra-Sylvian tumors lie in the posterior frontal or anterior parietal lobe. They cause square or distal shift of the anterior cerebral artery, depending on location, and depress the supraclinoid internal carotid artery. A tumor on the frontoparietal convexity stretches and separates the middle cerebral artery branches supplying that region. The upper border of the Sylvian triangle is depressed (Figure 6.51a), best seen on the lateral view. A large tumor or extensive edema spreading into the parietal lobe also depresses the angiographic Sylvian point and shifts the internal cerebral vein to the opposite side.

Parietal lobe tumors depress the angiographic Sylvian point and move it toward the midline, changes visible on both frontal and lateral carotid angiograms (Figure 6.52). The posterior cerebral artery is often displaced downward and medially. The internal cerebral vein is flattened and displaced contralaterally, increasing its distance from the thalamostriate vein. Tumors here generally shift the internal cerebral vein more than the anterior cerebral artery because the broad falx restricts arterial displacement. This relationship is important in localization.

A parasagittal parietal tumor produces important changes in the pericallosal and callosomarginal arteries: both are depressed and deflected to the opposite side. The upper (distal) middle cerebral artery branches are stretched, separated, and distorted. A large parietal parasagittal tumor invariably depresses the angiographic Sylvian point. The internal cerebral vein is flattened and may not shift contralaterally. A parasagittal meningioma may extend into the superior sagittal sinus, narrowing or occluding it. A surface tumor can stretch cortical veins around its border (Figure 6.53).

[image: Figure 6.51 a. Supra-Sylvian tumor depressing the upper border of the Sylvian triangle and separating the cortical middle cerebral artery branches.b. Frontal view of the same patient, showing depression of the angiographic point and midline shift of the anterior cerebral artery.]Figure 6.51 a. Supra-Sylvian tumor depressing the upper border of the Sylvian triangle and separating the cortical middle cerebral artery branches.
b. Frontal view of the same patient, showing depression of the angiographic point and midline shift of the anterior cerebral artery.
[image: Figure 6.52 Parietal lobe tumor depressing the angiographic point (posterior end of the Sylvian triangle).]Figure 6.52 Parietal lobe tumor depressing the angiographic point (posterior end of the Sylvian triangle).
[image: Figure 6.53 Parietal parasagittal tumor stretching a cortical vein (arrow) and flattening the internal cerebral vein (arrowhead).]Figure 6.53 Parietal parasagittal tumor stretching a cortical vein (arrow) and flattening the internal cerebral vein (arrowhead).
Temporal lobe tumors are infra-Sylvian tumors. Their characteristic carotid angiographic changes vary somewhat with the site and size of the mass in the middle cranial fossa, but generally include (Figure 6.54a, b): i) elevation of the middle cerebral artery and its branches, clearly seen laterally; ii) medial displacement of the middle cerebral artery; iii) medial displacement of the supraclinoid internal carotid artery with elevation of its bifurcation; iv) medial displacement of the anterior choroidal artery, which may also move upward or downward; v) medial displacement of the basal vein of Rosenthal; vi) midline shift of the anterior cerebral artery and internal cerebral vein, usually a proximal shift; and vii) when parahippocampal herniation occurs, downward and medial displacement of the posterior communicating and posterior cerebral arteries.

Tumors in different parts of the temporal lobe have the following angiographic appearances:

An anterior temporal lobe tumor elevates the horizontal middle cerebral artery. The anterior choroidal artery is also displaced upward and medially. The anterior Sylvian triangle is elevated while the angiographic Sylvian point remains unchanged (Figure 6.55).

With a posterior temporal lobe tumor, the lateral carotid angiogram shows elevation of the middle cerebral artery branches, with only slight change in the proximal horizontal segment. The angiographic Sylvian point is displaced upward and forward. The frontal view likewise shows elevation and medial displacement of this point (Figure 6.56).

An intraparenchymal temporal lobe tumor not only arches the middle cerebral artery branches within and outside the Sylvian fissure upward, but also stretches the branches on the affected temporal cortex around the tumor margin. This is called the “draping sign” (Figure 6.57). It may also occur with a large extracerebral tumor at the floor of the middle cranial fossa, which pushes the temporal lobe and its vessels into a draped configuration.

[image: Figure 6.54 Infra-Sylvian or temporal lobe tumor.a. Frontal carotid angiogram: the middle cerebral artery and its branches are elevated and displaced medially, and the internal carotid artery is deflected inward.b. Lateral carotid angiogram: the middle cerebral artery and its branches are elevated, and the carotid siphon is stretched open.]Figure 6.54 Infra-Sylvian or temporal lobe tumor.
a. Frontal carotid angiogram: the middle cerebral artery and its branches are elevated and displaced medially, and the internal carotid artery is deflected inward.
b. Lateral carotid angiogram: the middle cerebral artery and its branches are elevated, and the carotid siphon is stretched open.
[image: Figure 6.55 Anterior temporal lobe tumor.a. Frontal carotid angiogram showing elevation of the proximal (horizontal) middle cerebral artery.b. Lateral carotid angiogram showing elevation of the proximal middle cerebral artery and anterior Sylvian triangle.]Figure 6.55 Anterior temporal lobe tumor.
a. Frontal carotid angiogram showing elevation of the proximal (horizontal) middle cerebral artery.
b. Lateral carotid angiogram showing elevation of the proximal middle cerebral artery and anterior Sylvian triangle.
[image: Figure 6.56 Posterior temporal lobe tumor displacing the angiographic Sylvian point upward and forward.]Figure 6.56 Posterior temporal lobe tumor displacing the angiographic Sylvian point upward and forward.
[image: Figure 6.57 “Draping sign” in a temporal lobe tumor. Note the stretched middle cerebral artery branches on the temporal cortex (arrow).]Figure 6.57 “Draping sign” in a temporal lobe tumor. Note the stretched middle cerebral artery branches on the temporal cortex (arrow).
[image: Figure 6.58 a. Retro-Sylvian (parieto-occipital) tumor: the angiographic point is displaced forward and downward, and the Sylvian triangle is compressed forward.b. Frontal carotid angiogram showing depression and medial displacement of the angiographic point by a parieto-occipital tumor.]Figure 6.58 a. Retro-Sylvian (parieto-occipital) tumor: the angiographic point is displaced forward and downward, and the Sylvian triangle is compressed forward.
b. Frontal carotid angiogram showing depression and medial displacement of the angiographic point by a parieto-occipital tumor.
Retro-Sylvian tumors lie behind the angiographic point and include occipital, parieto-occipital, and temporo-occipital tumors (Figure 6.58). The prominent feature on the lateral carotid angiogram is forward displacement of the angiographic Sylvian point, accompanied by upward or downward displacement depending on the tumor site. An occipitoparietal tumor moves the point forward and downward, whereas an occipitotemporal tumor moves it forward and upward. On the frontal view, the point appears lower because forward displacement projects as downward displacement in the AP view. An occipital tumor pushes the brain forward, so the distal cortical middle cerebral artery branches are invariably bowed as well. The posterior cerebral artery supplying the occipital lobe is stretched and displaced.

INTRA-SYLVIAN TUMORS arise within the Sylvian fissure. On the lateral carotid angiogram, middle cerebral artery branches within the fissure are stretched and separated, some lying above the tumor and others below—a characteristic appearance (Figure 6.59a, b). A tumor extending to the brain surface may displace the middle cerebral artery medially (Figure 6.59b).

LATERAL SYLVIAN TUMORS lie outside the Sylvian fissure and displace the middle cerebral artery branches and angiographic Sylvian point medially. If the tumor lies toward the anterior Sylvian fissure, however, the point may remain unchanged, with displacement confined to the insular middle cerebral artery branches.

Thalamic tumors. Because the thalamus is deep, the important changes involve the deep veins, particularly the thalamostriate and internal cerebral veins. Anatomically, the thalamostriate vein follows the groove between the caudate nucleus and thalamus, which form the lateral wall and floor of the lateral ventricle. In a thalamic tumor, the venous angiographic phase is important for localization: the thalamostriate vein is elevated, widening the venous angle. On the lateral angiogram, the thalamostriate vein lies unusually high above the internal cerebral vein, which itself becomes more curved. On the frontal carotid angiogram, the thalamostriate vein is elevated and deflected medially, while the internal cerebral vein shifts to the opposite side (Figure 6.60a, b). In the arterial phase, the anterior cerebral artery generally remains at the midline, although hydrocephalus may arch it upward. The middle cerebral artery branches and angiographic Sylvian point move farther laterally. This pattern occurs with deep intracerebral tumors generally, is not specific to thalamic tumors, and may also occur with hydrocephalus. The lenticulostriate arteries supplying the basal ganglia are displaced laterally and obliquely downward. The anterior choroidal artery enlarges and is stretched around the posterior thalamus, visible on both lateral and frontal carotid angiograms (Figure 6.61a, b). The posterior cerebral artery may be depressed. The lateral posterior choroidal artery enlarges and forms a wider arc.

[image: Figure 6.59 Intra-Sylvian tumor.a. Lateral carotid angiogram showing separation of the middle cerebral artery branches within the Sylvian fissure.b. Frontal carotid angiogram showing medial displacement of the middle cerebral artery and bowing of its branches.]Figure 6.59 Intra-Sylvian tumor.
a. Lateral carotid angiogram showing separation of the middle cerebral artery branches within the Sylvian fissure.
b. Frontal carotid angiogram showing medial displacement of the middle cerebral artery and bowing of its branches.
The key carotid angiographic findings in a thalamic tumor are displacement of the internal cerebral and thalamostriate veins without displacement of the anterior cerebral artery, together with enlargement and widening of the arc of the anterior choroidal artery.

Pineal gland tumors elevate the posterior internal cerebral vein, separating it from the basal vein of Rosenthal (Figure 6.62). A large tumor may make the internal cerebral vein meet the great vein of Galen at an angle rather than an S-shaped curve, and may depress the great vein of Galen. Changes in the internal cerebral vein are important for diagnosing pineal tumors. Backward displacement of the posterior choroidal artery on the lateral view provides further support for this location (Figure 6.63).

[image: Figure 6.60 a. Frontal venous-phase carotid angiogram showing a thalamic tumor elevating the thalamostriate vein and displacing the internal cerebral vein contralaterally.b. Lateral view showing upward arching of the thalamostriate and internal cerebral veins by a thalamic tumor.]Figure 6.60 a. Frontal venous-phase carotid angiogram showing a thalamic tumor elevating the thalamostriate vein and displacing the internal cerebral vein contralaterally.
b. Lateral view showing upward arching of the thalamostriate and internal cerebral veins by a thalamic tumor.
[image: Figure 6.61 Arterial-phase carotid angiogram in a patient with a thalamic tumor.a. Frontal view: the lenticulostriate arteries bow outward (arrow); the anterior choroidal artery is enlarged and stretched into an arc (arrowhead); the anterior cerebral artery is stretched at the midline without deviation.b. Lateral view: the anterior choroidal artery is enlarged and stretched into an arc by the thalamic tumor.]Figure 6.61 Arterial-phase carotid angiogram in a patient with a thalamic tumor.
a. Frontal view: the lenticulostriate arteries bow outward (arrow); the anterior choroidal artery is enlarged and stretched into an arc (arrowhead); the anterior cerebral artery is stretched at the midline without deviation.
b. Lateral view: the anterior choroidal artery is enlarged and stretched into an arc by the thalamic tumor.
[image: Figure 6.62 Internal cerebral vein narrowed and arched upward by a pineal gland tumor.]Figure 6.62 Internal cerebral vein narrowed and arched upward by a pineal gland tumor.
[image: Figure 6.63 Pineal gland tumor displacing the posterior choroidal artery backward.]Figure 6.63 Pineal gland tumor displacing the posterior choroidal artery backward.
Suprasellar tumors. The important related vessels are the internal carotid and anterior cerebral arteries. The intracavernous and supraclinoid internal carotid artery lie beside the sella, while the anterior cerebral artery lies above it. Any sellar tumor expanding upward arches the anterior cerebral artery upward and stretches the carotid siphon and supraclinoid segment upward and laterally, best seen on the frontal view. The lateral carotid angiogram shows widening of the siphon, called opening of the siphon (Figure 6.64a, b). Intrasellar tumors displace the intracavernous internal carotid artery laterally more conspicuously than extrasellar tumors. If a suprasellar tumor extends high enough to obstruct the foramen of Monro, hydrocephalus develops, with increased arching of the anterior cerebral artery and elevation of the septal and internal cerebral veins. This pattern may be difficult to distinguish from a third ventricular tumor.

A tumor arising at the tuberculum sellae or planum sphenoidale, such as a meningioma, displaces the anterior cerebral artery upward and backward while depressing the supraclinoid internal carotid artery. This narrows the carotid siphon, a pattern called closing of the siphon (Figure 6.65a, b).

A posteriorly situated suprasellar tumor elevates the internal carotid bifurcation and moves it forward. The anterior choroidal and posterior communicating arteries are displaced laterally, visible on the frontal carotid angiogram.

A tumor lateral to the sella turcica, such as a medial lesser wing meningioma, displaces the supraclinoid internal carotid artery medially. The internal carotid bifurcation and horizontal middle cerebral artery are elevated, best seen in the AP view. The anterior choroidal and posterior communicating arteries are simultaneously displaced medially and downward (Figure 6.66a, b).

[image: Figure 6.64 a. Suprasellar tumor arching the anterior cerebral artery upward (small arrow) and stretching and deflecting the internal carotid artery outward (large arrow).b. Carotid siphon stretched open by a suprasellar tumor.]Figure 6.64 a. Suprasellar tumor arching the anterior cerebral artery upward (small arrow) and stretching and deflecting the internal carotid artery outward (large arrow).
b. Carotid siphon stretched open by a suprasellar tumor.
[image: Figure 6.65 a. Tuberculum sellae tumor displacing the anterior cerebral artery backward and upward (small arrow) and depressing the supraclinoid internal carotid artery (large arrow).b. Elevation of the anterior cerebral artery and lateral displacement of the internal carotid artery.]Figure 6.65 a. Tuberculum sellae tumor displacing the anterior cerebral artery backward and upward (small arrow) and depressing the supraclinoid internal carotid artery (large arrow).
b. Elevation of the anterior cerebral artery and lateral displacement of the internal carotid artery.
[image: Figure 6.66 Medial lesser wing meningioma.a. Frontal carotid angiogram: the proximal middle cerebral artery is elevated and deflected medially (long arrow); the internal carotid artery is likewise stretched and displaced medially (short arrow). Tumor stain is conspicuous.b. Lateral carotid angiogram: the internal carotid artery is stretched upward and the carotid siphon is widened.]Figure 6.66 Medial lesser wing meningioma.
a. Frontal carotid angiogram: the proximal middle cerebral artery is elevated and deflected medially (long arrow); the internal carotid artery is likewise stretched and displaced medially (short arrow). Tumor stain is conspicuous.
b. Lateral carotid angiogram: the internal carotid artery is stretched upward and the carotid siphon is widened.
Hydrocephalus. Tumors near or within the ventricular system, especially posterior fossa tumors, cause obstructive hydrocephalus. Carotid angiography shows: i) an anterior cerebral artery that is straight at the midline without shift on the AP view and arched upward like a bow on the lateral view; ii) elevation of the angiographic Sylvian triangle when the temporal horn is enlarged, resembling a temporal lobe tumor; iii) lateral displacement of the middle cerebral artery and its branches by the enlarged ventricle, increasing separation between the anterior and middle cerebral arteries on the frontal view; iv) outward bowing of the lenticulostriate arteries; and v) outward bowing of the thalamostriate vein with increased separation from the internal cerebral vein, indicating lateral ventricular size (Figure 6.67a, b, c).

[image: Figure 6.67 Hydrocephalus on carotid angiography.a. Frontal view: both lenticulostriate and middle cerebral arteries are displaced laterally, while the anterior cerebral artery is stretched at the midline.b. Lateral view: the anterior cerebral artery is arched like a bow, and the middle cerebral artery is slightly elevated by the enlarged temporal horn.c. Frontal venogram showing outward bowing of the thalamostriate veins.]Figure 6.67 Hydrocephalus on carotid angiography.
a. Frontal view: both lenticulostriate and middle cerebral arteries are displaced laterally, while the anterior cerebral artery is stretched at the midline.
b. Lateral view: the anterior cerebral artery is arched like a bow, and the middle cerebral artery is slightly elevated by the enlarged temporal horn.
c. Frontal venogram showing outward bowing of the thalamostriate veins.
Posterior fossa tumors. The vessels affected are the posterior inferior cerebellar, superior cerebellar, and basilar arteries. A tumor in one cerebellar hemisphere stretches and displaces the normally midline vermian branches of the posterior inferior cerebellar artery contralaterally. The superior cerebellar artery is usually elevated above the posterior cerebral artery by upward cerebellar herniation (Figure 6.68). The posterior inferior cerebellar artery descends below the foramen magnum because of tonsillar herniation, with the tumor side usually descending farther than the normal side. The basilar artery is pushed forward against the clivus (Figure 6.68). An inferior vermian tumor stretches the vermian arterial branches backward and displaces the rostral loop of the posterior inferior cerebellar artery downward and backward, best seen laterally (Figure 6.69). The frontal view shows separation of the posterior inferior cerebellar arteries. A superior vermian tumor separates the superior cerebellar arteries and their branches; the lateral view shows upward bowing of the superior cerebellar artery.

[image: Figure 6.68 Cerebellar hemisphere tumor arching the superior cerebellar artery upward to the level of the posterior cerebral artery.]Figure 6.68 Cerebellar hemisphere tumor arching the superior cerebellar artery upward to the level of the posterior cerebral artery.
Fourth ventricular tumors displace the rostral loop backward and move the basilar artery against the clivus. A large mass also displaces the vermian branches of the posterior inferior cerebellar artery backward (Figure 6.69).

Brainstem tumors push the basilar artery against the clivus and separate the posterior cerebral and superior cerebellar arteries on the two sides as they pass around the brainstem (Figure 6.70a, b). These changes usually occur in advanced cases. Occasionally, a brainstem tumor grows anteriorly against the clivus, paradoxically placing the basilar artery farther posteriorly away from the clivus (Figure 6.71).

[image: Figure 6.69 Tumor of the vermis and fourth ventricle displacing the cephalad loop of the posterior inferior cerebellar artery backward. The posterior portion of the basilar artery is pushed against the clivus.]Figure 6.69 Tumor of the vermis and fourth ventricle displacing the cephalad loop of the posterior inferior cerebellar artery backward. The posterior portion of the basilar artery is pushed against the clivus.
Clival tumors displace the brainstem and basilar artery backward away from the clivus, curving them around the tumor margin. A laterally situated tumor may also deflect them to the opposite side (Figure 6.72).

Cerebellopontine angle tumors elevate and medially displace the superior cerebellar artery alongside the brainstem (Figure 6.73). A large tumor displaces the rostral loop of the posterior inferior cerebellar artery and its vermian branches backward and contralaterally. The anterior inferior cerebellar artery may be displaced upward or downward and straightened.

The petrosal vein, if visible in the venous phase, is an important diagnostic landmark. This short vein lies superior and lateral to the internal auditory canal and receives the transverse pontine, mesencephalic, and cerebellar veins. A cerebellopontine angle tumor stretches the petrosal vein or makes it disappear entirely, an important angiographic sign of a lesion in this region.

[image: Figure 6.70 Brainstem tumor.a. Frontal vertebral angiogram: the posterior cerebral and superior cerebellar arteries bow outward, separating the vessels on the two sides.b. Lateral view: the basilar artery is pushed against the clivus.]Figure 6.70 Brainstem tumor.
a. Frontal vertebral angiogram: the posterior cerebral and superior cerebellar arteries bow outward, separating the vessels on the two sides.
b. Lateral view: the basilar artery is pushed against the clivus.
[image: Figure 6.71 Brainstem tumor growing outside the brainstem against the clivus, displacing the basilar artery away from the clivus.]Figure 6.71 Brainstem tumor growing outside the brainstem against the clivus, displacing the basilar artery away from the clivus.
[image: Figure 6.72 Clival tumor displacing the basilar artery backward.]Figure 6.72 Clival tumor displacing the basilar artery backward.
[image: Figure 6.73 Cerebellopontine angle tumor.a. Frontal view: the superior cerebellar artery is elevated and deflected medially, and the basilar artery bows slightly to the opposite side.b. Lateral view: the superior cerebellar artery on the tumor side is elevated, and the basilar artery is stretched against the clivus.]Figure 6.73 Cerebellopontine angle tumor.
a. Frontal view: the superior cerebellar artery is elevated and deflected medially, and the basilar artery bows slightly to the opposite side.
b. Lateral view: the superior cerebellar artery on the tumor side is elevated, and the basilar artery is stretched against the clivus.
Tumors at the tentorial edge are commonly meningiomas and may grow supratentorially, infratentorially, or in both compartments. They displace the posterior cerebral, superior cerebellar, and basilar arteries. An anterior tentorial tumor depresses the still-infratentorial portions of the posterior cerebral and superior cerebellar arteries downward and medially (Figure 6.74a, b, c, d). A more posterior tumor, where the posterior cerebral artery crosses into the supratentorial compartment, elevates that artery while depressing and medially displacing the superior cerebellar artery, increasing their separation (Figure 6.75a, b). A posterior midline tentorial tumor displaces the great vein of Galen forward. Upward extension may also displace the posterior internal cerebral vein. Infratentorial extension depresses superior cerebellar artery branches, visible on the lateral view. A large mass displaces the basilar artery contralaterally.

[image: Figure 6.74 Tumor at the tentorial edge.a. Frontal vertebral angiogram: the superior cerebellar artery (arrow) and posterior cerebral artery (arrowhead) are displaced upward and medially.b. Lateral view: the superior cerebellar and posterior cerebral arteries are depressed.c. Carotid angiogram showing a tentorial branch supplying the tumor and tumor stain at the tentorium.d. C.T. showing an anterior tentorial meningioma.]Figure 6.74 Tumor at the tentorial edge.
a. Frontal vertebral angiogram: the superior cerebellar artery (arrow) and posterior cerebral artery (arrowhead) are displaced upward and medially.
b. Lateral view: the superior cerebellar and posterior cerebral arteries are depressed.
c. Carotid angiogram showing a tentorial branch supplying the tumor and tumor stain at the tentorium.
d. C.T. showing an anterior tentorial meningioma.
[image: Figure 6.75 Posterior tentorial tumor.a. Lateral vertebral angiogram: the posterior cerebral artery is elevated and the superior cerebellar artery depressed.b. C.T. showing the tumor at the posterior tentorium.]Figure 6.75 Posterior tentorial tumor.
a. Lateral vertebral angiogram: the posterior cerebral artery is elevated and the superior cerebellar artery depressed.
b. C.T. showing the tumor at the posterior tentorium.
Original pages 430–431
Abnormal Tumor Circulation

Studying the vessels supplying a brain tumor and the circulation within it may reveal the type of tumor. Angiography therefore requires serial images showing the arterial, capillary, and venous phases to permit more reliable interpretation. Some tumors contain abnormally formed vessels and rapid blood flow, features of malignancy, whereas others have slow blood flow, and in some no intratumoral vessels are visible at all. These findings can indicate both the type and the malignancy of the tumor. The important angiographic features to observe are: i) the vessels supplying the tumor, which become enlarged and tortuous; ii) abnormalities of newly formed intratumoral vessels, which may be large, show arteriovenous shunting, or have a beaded appearance characteristic of malignancy; iii) tumor stain, also called tumor capillary blush, produced by an increased number and size of intratumoral vessels and thus increased blood flow. On the angiogram this appears as a whitish mass. The duration of tumor staining can also indicate malignancy. Prolonged staining favors a benign tumor, whereas rapid disappearance of staining favors malignancy, except in angioblastic meningioma and hemangioblastoma, which have rapid blood flow but are not malignant; iv) the appearance of veins draining the tumor or the surrounding area. Early visualization of veins in the arterial phase suggests malignancy. This can be distinguished from an AVM because an AVM does not form an expanding mass like a tumor.

Only a few tumors have circulatory abnormalities that allow them to be distinguished by angiography using the principles described above: meningioma, hemangioblastoma, malignant glioma, metastatic tumors, and glomus jugulare tumor.

Original pages 431–438
Meningioma

This tumor arises from arachnoid cells and receives blood from two systems, the external and internal carotid arteries. Its sites are relatively characteristic, most commonly the parasagittal region; other locations include the convexity, olfactory groove, lesser wing of the sphenoid, tuberculum sellae, petrous ridge, tentorium, foramen magnum, and ventricles. Displacement of vessels near the tumor is similar to that described under local vascular changes caused by tumors in general. The characteristic angiographic features of meningioma, however, are as follows:

1. Supply from the external carotid system: branches of the middle meningeal artery or meningeal arteries at other tumor sites are enlarged, sometimes tortuous, and appear relatively earlier than other vessels in the arterial phase because of their increased flow. These feeding arteries become progressively larger as they approach the tumor, an important sign that they supply it (Figure 6.76). Branches of the middle meningeal artery are more clearly seen on external carotid angiography.

External carotid angiograms show the characteristic sunburst or sunray appearance of meningioma, with capillaries radiating from a central point where the meningeal artery enters the tumor from its outer surface (Figure 6.76).

The internal carotid artery supplies the inner aspect of the tumor, and its branches near the tumor are enlarged. In intraventricular meningioma of the lateral ventricle, the anterior choroidal artery is enlarged and more tortuous, clearly visible on both lateral and frontal angiograms (Figure 6.77). Intraventricular meningiomas receive no blood supply from the middle meningeal artery.

2. Meningioma produces a well-defined, uniformly opaque white mass of homogeneous staining. Its intratumoral vessels resemble normal capillaries, but are numerous and do not have a beaded appearance. The white tumor stain remains visible for approximately 8–10 seconds, beginning in the arterial phase and continuing through the capillary and venous phases. Such prolonged staining is characteristic of meningioma (Figure 6.78), unlike malignant glioma or metastatic tumor, in which staining lasts for a shorter period. This principle is therefore used in diagnosing the tumor.

3. Early venous drainage is usually absent in meningioma. An exception is angioblastic meningioma, in which several large early draining veins may be seen because circulation is relatively rapid, as in malignant glioma. Nevertheless, staining remains prolonged, as in ordinary meningioma (Figure 6.79).

[image: Figure 6.76 Carotid angiogram of a frontal lobe meningioma.a. An enlarged middle meningeal artery supplies the tumor (arrow), with a sunray appearance.b. Lateral carotid angiogram of the same patient.]Figure 6.76 Carotid angiogram of a frontal lobe meningioma.
a. An enlarged middle meningeal artery supplies the tumor (arrow), with a sunray appearance.
b. Lateral carotid angiogram of the same patient.
[image: Figure 6.77 Intraventricular meningioma supplied by an enlarged, tortuous anterior choroidal artery.]Figure 6.77 Intraventricular meningioma supplied by an enlarged, tortuous anterior choroidal artery.
4. Meningiomas near the superior sagittal sinus often extend into it and cause partial or complete occlusion, clearly seen in the venous phase of the angiogram. Other tumors do not show this feature (Figure 6.80).

5. Even without tumor staining, the pattern of local vascular displacement in a falx meningioma may suggest the diagnosis. As an extracerebral tumor, a falx meningioma pushes the callosomarginal artery away from the falx toward the side of the tumor, because this artery lies lateral to the falx. The pericallosal artery, however, is pushed to the opposite side because it lies below the falx(3) (Figure 6.81a, b). A tentorial meningioma may elevate the posterior cerebral artery because part of it is supratentorial, while depressing the superior cerebellar artery, which lies in the infratentorial compartment.

[image: Figure 6.78 Tumor staining characteristic of meningioma.a. Homogeneous staining begins in the arterial phase.b. Homogeneous staining persists into the venous phase.]Figure 6.78 Tumor staining characteristic of meningioma.
a. Homogeneous staining begins in the arterial phase.
b. Homogeneous staining persists into the venous phase.
[image: Figure 6.79 Meningioma with early venous drainage, an uncommon finding.]Figure 6.79 Meningioma with early venous drainage, an uncommon finding.
[image: Figure 6.80 Occlusion of the posterior superior sagittal sinus (arrows) by a parasagittal meningioma.]Figure 6.80 Occlusion of the posterior superior sagittal sinus (arrows) by a parasagittal meningioma.
[image: Figure 6.81 Falx meningioma displaces the callosomarginal artery (arrow) away from the falx to the tumor side, while the pericallosal artery is pushed to the opposite side.a. Frontal carotid angiogram.b. Lateral carotid angiogram.]Figure 6.81 Falx meningioma displaces the callosomarginal artery (arrow) away from the falx to the tumor side, while the pericallosal artery is pushed to the opposite side.
a. Frontal carotid angiogram.
b. Lateral carotid angiogram.
Original pages 438–439
Malignant Glioma

Glioblastoma multiforme is a brain tumor with abundant, rapid intratumoral blood flow because numerous new vessels of varying sizes form within it. These vessels are abnormal, with proliferation of intimal cells in their walls, a beaded appearance, and shunting between arteries and veins, causing rapid flow into the veins. The angiographic features of malignant glioma are as follows (Figure 6.82a, b):

[image: Figure 6.82 Angiogram of malignant glioma.a. Beaded tumor vessels, patchy tumor staining, and early venous drainage (arrow).b. Early venous drainage into both superficial veins (short arrowhead) and deep veins (long arrowhead). Staining disappears rapidly.]Figure 6.82 Angiogram of malignant glioma.
a. Beaded tumor vessels, patchy tumor staining, and early venous drainage (arrow).
b. Early venous drainage into both superficial veins (short arrowhead) and deep veins (long arrowhead). Staining disappears rapidly.
1. The vessels supplying this tumor vary in size and have a beaded appearance.

2. Tumor staining begins in the arterial phase and disappears before the venous phase, sooner than in meningioma.

3. Abnormal intratumoral vessels are usually numerous at the tumor periphery but sparse centrally. They may appear as patches of vascular clusters surrounding central tumor necrosis, resulting in uneven staining.

4. Early venous drainage is visible late in the arterial phase. There may be one or several draining veins, or drainage into the deep cerebral veins. These are important signs of the malignant nature of this tumor.

Original pages 439–441
Metastatic Tumors

These tumors spread from cancer in other organs, most commonly the lung and breast. Their principal angiographic features are as follows (Figure 6.83):

1. Finding more than one tumor mass is the most important diagnostic feature. Cancer cells reach the brain through the bloodstream and may spread to several sites at different times, producing multiple brain metastases of varying sizes. A solitary lesion may be difficult to distinguish from glioblastoma because the intratumoral vessels, tumor staining, and early venous drainage are similar. However, finding a primary cancer elsewhere, such as in the lung or breast, favors metastatic tumor over glioblastoma.

2. There is usually a single enlarged feeding vessel, because the cancer cells enter that vessel as an embolus. As the tumor grows, the vessel containing the embolus becomes its feeding artery, so only one vessel is enlarged. The angiogram shows this feeder directed toward a pole of the tumor (Figure 6.83).

[image: Figure 6.83 Angiogram of a metastatic brain tumor.a. The feeding vessel, which carried cancer-cell emboli, is enlarged and tortuous (arrow). Tumor staining is irregular.b. Early venous drainage (arrow). This patient had lung cancer.]Figure 6.83 Angiogram of a metastatic brain tumor.
a. The feeding vessel, which carried cancer-cell emboli, is enlarged and tortuous (arrow). Tumor staining is irregular.
b. Early venous drainage (arrow). This patient had lung cancer.
3. Tumor staining is not homogeneous as in meningioma, and circulation is faster. Central tumor necrosis leaves fewer vessels in the center than at the periphery. Newly formed vessels resemble those in glioblastoma.

4. Early venous drainage appears as rapidly as in glioblastoma and cannot distinguish the two.

Original pages 441–442
Cerebellar Hemangioblastoma

This is a highly vascular tumor consisting of a solid tumor component, the mural nodule, and a surrounding cyst, although some cases have no cyst. The solid component has a rich vascular supply, so tumor staining is prominent and sometimes homogeneous (Figure 6.84). The cyst contains no vessels, but vessels are present in its wall. Early venous drainage occurs at the mural nodule. In cases without a cyst, the entire tumor contains numerous abnormal vessels. Intratumoral circulation is relatively rapid, like that of malignant tumors in general, sometimes making the distinction difficult. Clinical findings and other investigations must assist the diagnosis.

[image: Figure 6.84 Two cerebellar hemangioblastomas. Tumor staining is very prominent from the early arterial phase because of their rich blood supply.]Figure 6.84 Two cerebellar hemangioblastomas. Tumor staining is very prominent from the early arterial phase because of their rich blood supply.
Original page 442
Glomus Jugulare Tumor

This is another highly vascular tumor. It lies at the jugular foramen and destroys the petrous bone. It receives blood from the external carotid system. Carotid angiography shows large feeding branches, staining resembling an AVM, and prominent early venous drainage. Circulation is also relatively rapid. The important angiographic diagnostic feature is its supply from the external carotid artery. Subtraction films clearly show both the feeding vessels and the tumor (Figure 6.85).

[image: Figure 6.85 Glomus jugulare tumor at the jugular foramen. Note its supply from the external carotid artery and prominent tumor staining.]Figure 6.85 Glomus jugulare tumor at the jugular foramen. Note its supply from the external carotid artery and prominent tumor staining.
Original pages 442–449
Computed Tomography (C.T.)

Since 1972 (B.E. 2515), CT has been introduced for diagnosing diseases of the brain and spinal cord, greatly reducing the use of older investigations such as skull radiographs, angiography, ventriculography, and pneumoencephalography. Some, including ventriculography and pneumoencephalography, are now hardly performed because they carry substantial risks and cause considerable pain and distress. Skull radiographs and angiography are still used in selected patients and where CT is unavailable. Skull radiographs can provide direct or indirect evidence of a brain tumor. Direct signs include tumor calcification and tumor-induced blastic or lytic skull changes or ballooning of the sella. Indirect signs include displacement of a calcified pineal gland and changes in the sella turcica or cranial sutures resulting from tumor-related intracranial hypertension. However, these radiographic findings are insufficiently detailed to characterize the tumor, so further investigation is necessary. Before CT, angiography was the next investigation; ventriculography and pneumoencephalography were used when angiography was nondiagnostic or a tumor within or near a ventricle was suspected. At present, when physical examination suggests a brain tumor, CT is requested directly without skull radiographs, saving time and money. Angiography is also used much less often to diagnose brain tumors. It is reserved for selected cases in which the major feeding vessels and tumor vascularity must be assessed to plan surgery with the least possible risk. For example, in meningioma of the medial lesser sphenoid wing, the positions of the internal carotid artery and its branches must be known.

CT is a safe, painless examination that causes no suffering and depicts tumor location, size, and shape very well; sometimes it can also suggest the tumor type. It shows tumor-related changes in the skull, soft tissues, brain parenchyma, and ventricular system. CT should be performed before and after contrast administration, with standard axial sections. Tumors in the sellar, parasellar, tentorial, and posterior fossa regions may be better seen in coronal sections. Computer reconstruction can also provide sagittal images, but these are not particularly clear and are inferior to MRI (magnetic resonance imaging), as discussed later.

For brain tumors, noncontrast CT is less useful than contrast-enhanced CT, but it reveals calcification and intratumoral hemorrhage, which help identify the tumor type.

A brain tumor at any site produces mass effect on brain tissue, ventricles, subarachnoid spaces, cisterns, and blood vessels. CT assessment should consider the following changes to guide treatment planning and determine how urgently treatment should begin:

1. Tumor location. Enhanced CT usually shows tumor location and size very well. The neurosurgeon must determine whether the tumor is intra- or extracerebral, infratentorial or supratentorial, superficial or deep, and solitary or multiple. These findings inform the decision whether to operate, which approach will permit complete and safe removal, or whether only palliative treatment is appropriate. CT provides considerable guidance in these decisions.

2. Enhancement pattern. Different tumor types have different patterns. Irregular peripheral enhancement, appearing hyperdense or very white on the film, with a hypodense or dark center favors malignancy. Rapid tumor growth causes central necrosis because of inadequate blood supply.

3. Calcification, visible on nonenhanced CT, favors a benign rather than malignant tumor (Figure 6.86).

4. Brain edema. Edema is usually visible around brain tumors. CT clearly demonstrates it, an advantage over cerebral angiography. Malignant glioma, glioblastoma multiforme, and metastatic brain tumors may cause extensive surrounding edema. Metastatic tumors in particular can cause marked edema even when the tumor itself is small (Figure 6.87). Nevertheless, extensive edema is also observed around benign parasagittal meningiomas, possibly because the tumor compresses cortical veins entering the superior sagittal sinus and impedes venous drainage (Figure 6.88). It may also occur around large meningiomas of the lesser sphenoid wing and olfactory groove (Figures 6.89, 6.90). Intraventricular and other midline tumors usually do not cause brain edema. Marked edema on CT is important because the patient may deteriorate rapidly. Thus, whether extensive or limited, edema on CT helps indicate the need for prompt, appropriate treatment.

[image: Figure 6.86 Intratumoral calcification is clearly visible on nonenhanced CT.]Figure 6.86 Intratumoral calcification is clearly visible on nonenhanced CT.
[image: Figure 6.87 Extensive peritumoral edema (dark area) around a small ring-shaped metastatic brain tumor.]Figure 6.87 Extensive peritumoral edema (dark area) around a small ring-shaped metastatic brain tumor.
[image: Figure 6.88 Parasagittal meningioma can also produce extensive surrounding edema. Both CT images are from the same patient.]Figure 6.88 Parasagittal meningioma can also produce extensive surrounding edema. Both CT images are from the same patient.
[image: Figure 6.89 Brain edema in a lesser sphenoid wing meningioma.]Figure 6.89 Brain edema in a lesser sphenoid wing meningioma.
[image: Figure 6.90 Brain edema in an olfactory groove meningioma.]Figure 6.90 Brain edema in an olfactory groove meningioma.
5. Brain herniation. CT is a very useful radiological investigation for identifying the sites and extent of brain herniation. These findings prompt the surgeon to treat the patient urgently before brainstem function is lost. As discussed earlier, subfalcine, transtentorial, tonsillar, and upward cerebellar herniations occur at different sites and can be demonstrated on CT.

Subfalcine herniation occurs with supratentorial tumors. Important CT findings are as follows (Figure 6.93): i) the falx is displaced to the opposite side; ii) the lateral ventricle is compressed and displaced to the opposite side; iii) the anterior cerebral artery and cingulate gyrus pass beneath the falx to the opposite side, clearly seen in the coronal plane; iv) the anterior suprasellar cistern is distorted and narrowed; v) a relatively small superficial tumor may cause only local loss of the subarachnoid space over the tumor.

Transtentorial herniation has the following CT features: i) the lateral suprasellar cistern disappears because the uncus herniates downward into it; ii) further downward displacement of the uncus and parahippocampal gyrus pushes the brainstem to the opposite side. The ambient cistern on the herniation side widens, while the opposite cistern narrows or disappears; iii) marked brainstem compression elongates its anteroposterior diameter, and associated hydrocephalus also obliterates the interpeduncular and suprasellar cisterns(5); iv) if the herniating tissue occludes the posterior cerebral artery, occipital infarction appears as a low-density area; v) severe, rapidly developing transtentorial herniation with marked brain edema compresses the ventricles until they are no longer visible. The suprasellar, interpeduncular, and ambient cisterns also become invisible.

Tonsillar herniation. A posterior fossa tumor can cause the cerebellar tonsils to herniate downward through the foramen magnum and compress the medulla. Neither nonenhanced nor enhanced CT can show this unless opaque contrast medium has been injected into the spinal subarachnoid space. However, a posterior fossa tumor is a contraindication to lumbar puncture because it may increase herniation. Vertebral angiography shows tonsillar herniation better.

Upward cerebellar herniation. A posterior fossa tumor pushes the upper cerebellum upward through the posterior margin of the tentorial notch. CT shows: i) obliteration of the quadrigeminal cistern; ii) disappearance of the superior cerebellar cistern; iii) truncation of the posterior third ventricle, with hydrocephalus involving the third and lateral ventricles; iv) with a large mass, anterior displacement of the brainstem and loss of the prepontine and cerebellopontine angle cisterns; v) altered shape and size of the fourth ventricle, depending on tumor location and size (Figure 6.91).

[image: Figure 6.91 Upward cerebellar herniation with obliteration of the quadrigeminal cistern.]Figure 6.91 Upward cerebellar herniation with obliteration of the quadrigeminal cistern.
Original pages 449–450
Metrizamide Cisternography and CT

This consists of CT after intrathecal injection of metrizamide, a water-soluble contrast medium. The patient is placed in the Trendelenburg position so that the opaque medium enters the posterior fossa cisterns and fourth ventricle. This demonstrates the cisterna magna, cerebellopontine and chiasmatic cisterns, as well as the medulla, pons, midbrain, and cerebellar tonsils. The technique is suitable for detecting small posterior fossa tumors, such as acoustic tumors, and tumors at the foramen magnum. Small tumors in these areas are generally difficult to see with conventional CT alone because of extensive artifacts.

In some cases, 4–5 cc of air may be injected intrathecally instead of metrizamide, a technique called air cisternography. The patient is positioned to let the air rise into the cerebellopontine angle, followed by CT. This can clearly demonstrate acoustic tumors smaller than 1 cm (Figure 6.92).

Metrizamide and air cisternography are now rarely used to detect tumors, because current CT scanners provide better image quality and higher resolution, and MRI offers better diagnosis than CT.

[image: Figure 6.92 CT with air cisternography clearly demonstrates a 1-cm acoustic neurinoma.]Figure 6.92 CT with air cisternography clearly demonstrates a 1-cm acoustic neurinoma.
Original page 450
CT Features of Different Tumor Types

It is generally accepted that CT is much better than angiography for diagnosing brain tumors. It shows tumor location, size, and effects on adjacent brain, including edema and herniation. Combining these findings with the tumor’s enhanced and nonenhanced CT appearances may identify its type. Although determining tumor type by CT is difficult, it can improve treatment planning. In practice, neurosurgeons correctly identify the tumor type before surgery in most cases; only a few prove to be something else.

The principal CT features of commonly encountered tumor types are described below.

Original pages 450–453
Malignant Glioma

This tumor arises from astrocytic cells and is classified as astrocytoma grade III–IV, also called glioblastoma multiforme. It grows rapidly and contains numerous new abnormal vessels. Rapid growth invariably causes central necrosis. Nonenhanced CT shows a tumor margin slightly denser than brain tissue (Figure 6.93a). The tumor center and surrounding brain are low-density areas, darker than normal brain, due to necrosis and edema respectively. Enhanced CT shows tumor hyperdensity in every case. Most commonly, an irregular hyperdense ring of uneven thickness surrounds a low-density center. There may be several low-density areas. Low-density edematous brain surrounds the mass (Figure 6.93b). Two other appearances may occur: homogeneous enhancement of the entire mass, sometimes containing small low-density spots (Figure 6.94), or an entirely cystic lesion with a small hyperdense solid mural tumor component in the cyst wall (Figure 6.95a, b).

[image: Figure 6.93 a. Nonenhanced CT of glioblastoma multiforme. The tumor is slightly denser than normal brain, with surrounding low-density edema and central low-density necrosis.b. Enhanced CT of the same patient. The tumor is hyperdense, and low-density edema and necrosis are clearly visible.]Figure 6.93 a. Nonenhanced CT of glioblastoma multiforme. The tumor is slightly denser than normal brain, with surrounding low-density edema and central low-density necrosis.
b. Enhanced CT of the same patient. The tumor is hyperdense, and low-density edema and necrosis are clearly visible.
[image: Figure 6.94 Glioblastoma that is almost entirely hyperdense, containing small low-density areas.]Figure 6.94 Glioblastoma that is almost entirely hyperdense, containing small low-density areas.
[image: Figure 6.95 a and b. Glioblastoma appearing as an entirely cystic lesion. Note the irregular cyst wall and a small mural nodule in the wall.]Figure 6.95 a and b. Glioblastoma appearing as an entirely cystic lesion. Note the irregular cyst wall and a small mural nodule in the wall.
The pattern of peritumoral edema may also suggest malignancy. Malignant gliomas and metastatic tumors can have extensive surrounding low density, unlike grade 1–2 astrocytomas or other benign tumors, which have little surrounding low density.

These CT appearances of glioblastoma multiforme must be distinguished from metastatic brain tumors, brain abscesses, and intracerebral hematomas several weeks old. The history is needed to distinguish these conditions. A primary cancer in the lung or breast favors metastasis, and multiple brain lesions make this more certain. For brain abscess, both the history and CT help: its ring is smoother and more uniform than that of glioblastoma.

Original pages 453–455
Astrocytoma

Grade 1 and 2 astrocytomas are classified as low-grade, benign astrocytomas. They grow slowly, infiltrate tissue without clear margins, and are less vascular than glioblastoma multiforme. They occur in the cerebral hemispheres, cerebellum, brainstem, optic nerve and chiasm, and hypothalamus. Nonenhanced CT (Figure 6.96) shows irregular low density without clear margins. Some are isodense with brain tissue. Any calcification is clearly visible on nonenhanced CT. Astrocytomas may contain cystic components, particularly in the cerebellum. Enhanced CT usually shows little increase in density(7); when present, it is less marked than in glioblastoma and occurs in the solid tumor, while the cyst does not increase in density. Other causes of this low-density CT appearance include other tumors, cerebral infarction, traumatic brain edema, demyelination, and focal cerebritis.

[image: Figure 6.96 Low-grade frontal lobe astrocytoma with ill-defined low density (arrow) and hyperdense calcification (arrowhead). Note the absence of mass effect.]Figure 6.96 Low-grade frontal lobe astrocytoma with ill-defined low density (arrow) and hyperdense calcification (arrowhead). Note the absence of mass effect.
In brainstem astrocytoma, nonenhanced CT shows an enlarged pons and flattening and posterior displacement of the fourth ventricle. Most tumors are low density (Figure 6.97). Enhanced CT appearances vary: some show only a slight increase in density, while others become hyperdense.

[image: Figure 6.97 Brainstem glioma appears low density on nonenhanced CT. Note enlargement of the brainstem.]Figure 6.97 Brainstem glioma appears low density on nonenhanced CT. Note enlargement of the brainstem.
Cerebellar astrocytomas differ from those in the cerebral hemispheres in having well-defined margins. They may be solid, cystic, or mixed; most consist of a cyst with a mural nodule. Nonenhanced CT may show slightly increased density or mixed low- and high-density areas. Enhanced CT clearly defines the tumor, showing a cyst with a hyperdense mural nodule (Figure 6.98a, b). If the cyst wall also contains tumor, a high-density ring may be visible. In such cases, the neurosurgeon must try to remove the cyst wall as well, otherwise the tumor may recur.

Original pages 455–457
Oligodendroglioma

This is a benign, slowly growing tumor, usually in the cerebral hemispheres and commonly in the frontal lobe. Nonenhanced CT shows hypodensity with mass effect and relatively little surrounding edema. This resembles astrocytoma and is difficult to distinguish from it. Calcification is common in oligodendroglioma (Figure 6.99). Enhanced CT shows high density at the tumor periphery, while its center may be low density.

[image: Figure 6.98 Cerebellar astrocytoma.a. A well-defined solid mass with a small cystic focus.b. A large cyst with a hyperdense solid mural nodule in its wall.]Figure 6.98 Cerebellar astrocytoma.
a. A well-defined solid mass with a small cystic focus.
b. A large cyst with a hyperdense solid mural nodule in its wall.
[image: Figure 6.99 Frontotemporal oligodendroglioma with ill-defined low density and, commonly, calcific granules in the brain tissue.]Figure 6.99 Frontotemporal oligodendroglioma with ill-defined low density and, commonly, calcific granules in the brain tissue.
Original page 457
Ependymoma

This tumor arises from ependymal cells lining the ventricles. Its location in the ventricular wall or within a ventricle is therefore a diagnostic clue. Ependymoma can occur anywhere in the ventricular system, most commonly in the fourth ventricle, where it causes obstructive hydrocephalus. Nonenhanced CT shows an isodense or slightly hyperdense fourth ventricular mass, sometimes with calcification. Enhanced CT may show homogeneous or heterogeneous enhancement (Figure 6.100). Supratentorial ependymomas often contain cysts and calcification. The differential diagnosis includes medulloblastoma and choroid plexus papilloma.

Original pages 457–459
Choroid Plexus Papilloma

This highly vascular choroid plexus tumor commonly occurs in the trigone of the lateral ventricle and in the fourth ventricle. CT shows a well-defined hyperdense intraventricular mass, invariably with hydrocephalus because the tumor produces CSF or because it may bleed (Figure 6.101). Some cases contain calcification. The differential diagnosis includes intraventricular meningioma, ependymoma, medulloblastoma, and hemangioblastoma.

[image: Figure 6.100 Lateral ventricular ependymoma with heterogeneous enhancement on enhanced CT. Note the marked hydrocephalus.]Figure 6.100 Lateral ventricular ependymoma with heterogeneous enhancement on enhanced CT. Note the marked hydrocephalus.
[image: Figure 6.101 Choroid plexus papilloma appears as a hyperdense intraventricular mass on enhanced CT, with cauliflower-like margins and invariably associated hydrocephalus.]Figure 6.101 Choroid plexus papilloma appears as a hyperdense intraventricular mass on enhanced CT, with cauliflower-like margins and invariably associated hydrocephalus.
Original page 459
Medulloblastoma

This tumor is common in children and lies in the cerebellar midline, extending into the fourth ventricle or foramen magnum, or spreading through CSF into the subarachnoid space. CT shows a hyperdense mass in the vermis extending toward the fourth ventricle, displacing it anteriorly or obstructing it and causing obstructive hydrocephalus (Figure 6.102a). Cysts are generally absent, although very large tumors may develop small cysts (Figure 6.102b).

[image: Figure 6.102 Medulloblastoma in the vermis causing hydrocephalus.a. Enhanced CT shows hyperdensity without cysts.b. A very large medulloblastoma, often containing several cystic areas.]Figure 6.102 Medulloblastoma in the vermis causing hydrocephalus.
a. Enhanced CT shows hyperdensity without cysts.
b. A very large medulloblastoma, often containing several cystic areas.
Original pages 459–460
Colloid Cyst

A mucoid-containing cyst situated in the third ventricle near the foramen of Monro. This characteristic location is a diagnostic clue. CT shows a small, round, smooth-margined mass of homogeneous high density(6).

Original page 460
Hemangioblastoma

This benign vascular tumor most commonly lies in a cerebellar hemisphere near the midline and may contain a cyst. CT shows a hyperdense solid component. When a cyst is present, it is low density, with solid tumor in its wall, usually adjacent to the pia mater on the superior or posterior cerebellar surface (Figure 6.103). This is difficult to distinguish from cystic astrocytoma, but angiography can differentiate them by the numerous intratumoral vessels of hemangioblastoma.

[image: Figure 6.103 Cerebellar hemangioblastoma on enhanced CT. The solid component is markedly hyperdense and abuts the pia mater; a low-density cyst is visible deeper in the tumor.]Figure 6.103 Cerebellar hemangioblastoma on enhanced CT. The solid component is markedly hyperdense and abuts the pia mater; a low-density cyst is visible deeper in the tumor.
Original pages 460–464
Meningioma

Meningioma is not difficult to diagnose on CT because of its characteristic sites, including the parasagittal region, falx, olfactory groove, lesser sphenoid wing, tentorium, and convexity, and associated skull changes. It is a benign, well-defined tumor. Psammomatous meningiomas often contain calcification. Nonenhanced CT shows increased density due to densely packed cells and calcification, with no hypodense areas within the tumor. Some tumors are extensively calcified throughout and clearly visible on nonenhanced CT (Figure 6.104). Enhanced CT shows a well-defined hyperdense mass, sometimes with its surface attached to the falx (Figure 6.105) or hyperostotic bone. The broad surface of attachment to the dura also aids diagnosis. Since meningioma is an extracerebral tumor, surrounding low-density edema is often visible. Parasagittal meningiomas in particular may have extensive surrounding low density because compression of cortical veins impairs venous return and causes edema (Figure 6.88), as observed during surgery at this site. In other locations, such as the olfactory groove, tuberculum sellae, and tentorium, surrounding low density may be absent or slight.

[image: Figure 6.104 An entirely calcified meningioma, clearly visible on nonenhanced CT.]Figure 6.104 An entirely calcified meningioma, clearly visible on nonenhanced CT.
Another CT feature suggesting meningioma is mass effect that is disproportionately small for tumor size, such as only slight midline shift despite a large mass. Because meningioma grows slowly, adjacent brain atrophies through local water loss, allowing the tumor to expand without raising intracranial pressure.

[image: Figure 6.105 Falx meningioma on enhanced CT appears as a well-defined hyperdense mass attached to the falx on one side.]Figure 6.105 Falx meningioma on enhanced CT appears as a well-defined hyperdense mass attached to the falx on one side.
Intraventricular meningioma shows homogeneous isodensity or slight hyperdensity on nonenhanced CT. It is well defined within the ventricle, commonly at the glomus of the lateral ventricle, and becomes hyperdense on enhanced CT (Figure 6.106), making it difficult to distinguish from choroid plexus papilloma.

A cerebellopontine angle meningioma is difficult to distinguish from an acoustic tumor. Bone CT may help: in meningioma, the internal auditory canal is not enlarged, and adjacent bone may be hyperostotic, whereas acoustic tumors usually enlarge the internal auditory canal. Sellar meningioma must be distinguished from pituitary adenoma and craniopharyngioma, both of which alter the sella turcica; craniopharyngioma also contains cysts.

[image: Figure 6.106 A large intraventricular meningioma on enhanced CT is hyperdense like a choroid plexus papilloma, but lacks a cauliflower-like appearance.]Figure 6.106 A large intraventricular meningioma on enhanced CT is hyperdense like a choroid plexus papilloma, but lacks a cauliflower-like appearance.
[image: Figure 6.107 Meningioma en plaque (a) and hyperostosis (b).]Figure 6.107 Meningioma en plaque (a) and hyperostosis (b).
Meningioma en plaque appears on enhanced CT as hyperdensity spreading along the brain surface, sometimes with associated hyperostosis (Figure 6.107).

Original pages 464–467
Metastatic Brain Tumors

Most spread from lung or breast cancer. They can occur anywhere in the brain, commonly in the frontal lobe, and may be solitary or multiple. Growth often begins at the gray–white matter junction, where capillaries supply the tissue. CT is very useful for brain metastases because it shows their number, location, and associated edema in greater detail than other methods. Generally, CT shows well-defined homogeneous hyperdensity. Another important feature is extensive surrounding low-density edema, even when the tumor is small (Figure 6.108a). The tumor center may be hypodense. These appearances, together with multiple masses (Figure 6.108b), are the main diagnostic criteria for brain metastases. A solitary metastasis is difficult to distinguish from malignant glioma, and a history of the primary cancer is needed. Ring-shaped lesions must be distinguished from brain abscesses, which may also be solitary or multiple. A very thick, irregular wall on CT favors metastasis. Four types of metastatic tumors commonly hemorrhage: choriocarcinoma, melanoma, and lung and renal carcinomas(8). Nonenhanced CT shows a hyperdense hematoma within the tumor.

[image: Figure 6.108 CT of metastatic brain tumors.a. Homogeneously hyperdense tumor with extensive surrounding hypodense edema.b. Multiple ring-shaped masses of varying sizes with brain edema.]Figure 6.108 CT of metastatic brain tumors.
a. Homogeneously hyperdense tumor with extensive surrounding hypodense edema.
b. Multiple ring-shaped masses of varying sizes with brain edema.
[image: Figure 6.109 CT of pituitary adenoma.a. Enhanced CT shows hyperdensity and tumor extension into the left middle cranial fossa.b. Pituitary adenoma with an associated cyst.]Figure 6.109 CT of pituitary adenoma.
a. Enhanced CT shows hyperdensity and tumor extension into the left middle cranial fossa.
b. Pituitary adenoma with an associated cyst.
Original page 467
Pituitary Adenoma

This tumor grows in the pituitary fossa, enlarging the sella turcica. It usually extends upward, but may also grow laterally, posteriorly, or anteriorly. A small intrasellar tumor is called a microadenoma; a large tumor is a macroadenoma. CT shows enlargement of the sella turcica in macroadenoma, but no sellar change in microadenoma. Nonenhanced CT shows increased tumor density, and enhanced CT shows well-defined hyperdensity (Figure 6.109a). Occasionally, a low-density cyst is present within the tumor (Figure 6.109b). Suprasellar or parasellar extension is best seen in coronal sections (Figure 6.110a, b), which clearly show the tumor’s relationships to the sphenoid sinus, sellar floor, pituitary gland and stalk, suprasellar cistern, optic chiasm, and third ventricle. These sections also reveal microadenomas, usually as low-density areas within the pituitary gland. The pituitary stalk may deviate away from the tumor. Marked suprasellar extension can obliterate the third ventricle and obstruct the foramen of Monro, producing obstructive hydrocephalus.

Original pages 467–470
Craniopharyngioma

This tumor arises above the sella turcica and does not cause sellar ballooning unless it originates within the sella. It usually consists of solid and cystic components. The cyst fluid contains cholesterol, and calcification is common. Nonenhanced CT therefore shows hyperdense calcification (Figure 6.111), which may be eggshell-like or form scattered small clumps, together with low-density cystic areas measuring below 0 because they contain fat. This combination with calcification is an important diagnostic criterion(9). Enhanced CT shows hyperdensity of the solid component. Without a cyst, the tumor may be difficult to distinguish from pituitary adenoma. As with pituitary adenoma, coronal imaging demonstrates suprasellar hyperdense tumor and calcification and low-density cysts (Figure 6.112). Some cases show parasellar extension.

[image: Figure 6.110 a. Pituitary adenoma extending above the sella into the suprasellar region, clearly seen on coronal CT.b. Parasellar extension of pituitary adenoma is also well demonstrated on coronal CT.]Figure 6.110 a. Pituitary adenoma extending above the sella into the suprasellar region, clearly seen on coronal CT.
b. Parasellar extension of pituitary adenoma is also well demonstrated on coronal CT.
[image: Figure 6.111 Nonenhanced CT of craniopharyngioma.a. Hyperdense calcification and isodense tumor.b. Coronal CT shows hyperdense calcification extending into the third ventricle.]Figure 6.111 Nonenhanced CT of craniopharyngioma.
a. Hyperdense calcification and isodense tumor.
b. Coronal CT shows hyperdense calcification extending into the third ventricle.
[image: Figure 6.112 Craniopharyngioma on enhanced CT shows hyperdense areas (bone and tumor) and hypodense cysts, with suprasellar and parasellar extension.]Figure 6.112 Craniopharyngioma on enhanced CT shows hyperdense areas (bone and tumor) and hypodense cysts, with suprasellar and parasellar extension.
Original page 470
Dermoid and Epidermoid

These ectodermal tumors are cystic and may have calcification in the cyst wall. Enhanced CT shows low-density cysts (Figure 6.113a, b) and hyperdense wall calcification. The two types are difficult to distinguish by CT.

Original page 470
Pineal Gland Tumors

These tumors arise from two cell groups(10). Pineal parenchymal cells give rise to pineocytoma and pineoblastoma, while germ cells give rise to germinoma, teratoma, and embryonal carcinoma. The tumor compresses the quadrigeminal plate, aqueduct of Sylvius, and posterior third ventricle. Pineal tumors generally contain both calcification and cysts, and distinguishing their types by CT is very difficult. Nonenhanced CT shows isodensity or slight hyperdensity, with obliteration of the posterior third ventricle and quadrigeminal cistern. There may be hyperdense calcification or hemorrhage, or small low-density cysts. Enhanced CT shows hyperdensity (Figure 6.114). Some patients have a pineal tumor together with a tumor near the anterior third ventricle or optic chiasm, called an ectopic pinealoma (Figure 6.115).

Original pages 470–474
Acoustic Neurinoma (Schwannoma or Neurilemmoma)

This tumor arises from the vestibular division of the acoustic nerve, either within the internal auditory canal or intracranially, most commonly beginning at the internal auditory meatus. It enlarges the surrounding bone and extends into the cerebellopontine angle cistern. A large tumor compresses cranial nerves, the brainstem, cerebellar peduncle, and ventricle, obstructing CSF flow. Nonenhanced bone CT shows clear enlargement of the internal auditory canal on the tumor side compared with the normal side (Figure 6.116a). If the tumor arises outside the auditory canal, the canal may remain normal in size. Bilateral acoustic neurinomas may enlarge both canals (Figure 6.116b). Acoustic neurinomas generally contain no calcification visible on CT, unlike meningiomas, which may be calcified. Enhanced CT shows homogeneous hyperdensity. Large tumors may contain low-density degenerative areas, with compression of the brainstem, middle cerebellar peduncle, and fourth ventricle (Figure 6.116c).

[image: Figure 6.113 a. Cerebellopontine angle dermoid tumor with a low-density cyst on enhanced CT.b. Lateral ventricular epidermoid with a low-density cyst on enhanced CT.]Figure 6.113 a. Cerebellopontine angle dermoid tumor with a low-density cyst on enhanced CT.
b. Lateral ventricular epidermoid with a low-density cyst on enhanced CT.
[image: Figure 6.114 Pineal germinoma is hyperdense on enhanced CT (arrow). Note obliteration of the posterior third ventricle and quadrigeminal cistern, with hydrocephalus. Tumor seeding is present along both lateral ventricular walls (arrowheads).]Figure 6.114 Pineal germinoma is hyperdense on enhanced CT (arrow). Note obliteration of the posterior third ventricle and quadrigeminal cistern, with hydrocephalus. Tumor seeding is present along both lateral ventricular walls (arrowheads).
[image: Figure 6.115 Pineal germinoma (long arrow) and suprasellar germinoma, or ectopic pinealoma (short arrow).]Figure 6.115 Pineal germinoma (long arrow) and suprasellar germinoma, or ectopic pinealoma (short arrow).
[image: Figure 6.116 Acoustic neurinoma.a. Enlargement of the internal auditory canal on the tumor side.b. Bilateral enlargement of the internal auditory canals due to tumors.c. A large acoustic neurinoma compresses the brainstem, cerebellum, and fourth ventricle.]Figure 6.116 Acoustic neurinoma.
a. Enlargement of the internal auditory canal on the tumor side.
b. Bilateral enlargement of the internal auditory canals due to tumors.
c. A large acoustic neurinoma compresses the brainstem, cerebellum, and fourth ventricle.
An acoustic neurinoma smaller than 1.5 cm may not be clearly visible on CT alone because hyperdense petrous bone obscures it. It can be demonstrated more clearly by introducing air or water-soluble contrast medium in conjunction with CT (Figure 6.92).

Petrous ridge meningioma is also hyperdense, like an acoustic neurinoma, but does not enlarge the internal auditory canal. Some cases cause hyperostosis or contain visible calcification.

Original pages 474–475
CT in Treatment Follow-up

CT is useful for monitoring tumors both after surgery and when they have not been operated on. Some tumors are difficult to reach or still small; surgical exploration may cause further loss of brain function. CT should therefore be used to monitor their changes because it is harmless to the patient. A benign, slow-growing tumor may show little change over many years. If neurological symptoms do not worsen, surgery is not yet necessary.

Some tumors, such as pineal germinoma, are radiosensitive and can disappear after radiotherapy. CT is useful for assessing the response.

Postoperative complications, including hemorrhage or herniation, may cause death. CT demonstrates these complications very well.

For cystic tumors, CT can guide aspiration of cyst fluid to improve the patient’s symptoms. It can also guide stereotactic needle biopsy in some cases.

Original pages 475–477
MRI (MAGNETIC RESONANCE IMAGING)

MRI, also called NMR (nuclear magnetic resonance), is the newest investigation. It differs from C.T. in that it does not use ionizing radiation. MR imaging results from the interaction between the body’s hydrogen nuclei, placed in a strong external magnetic field generated by the MRI scanner, and radiofrequency waves. The patient is therefore not exposed to radiation, and being within the magnetic field is highly safe. Like C.T., MRI uses a digital computer to display tomographic images of the desired thickness. Because MR data are stored as MR signals, MRI has the advantage of producing clear axial, coronal, sagittal, oblique, and curved images as required. C.T. cannot do this as well; in particular, it cannot produce oblique or curved images.

The appearance of an MR image depends on the density of mobile hydrogen nuclei and their physical changes, expressed by T1 and T2 magnetic relaxation times (also referred to as T1- and T2-weighted images). Different MR sequence parameters produce tissue signals of varying brightness according to the tissue type. In routine clinical practice, T1-, T2-, or proton-density-weighted images are obtained to distinguish diseased tissue from normal brain.

On T1-weighted brain images, gray matter appears gray, white matter white, and CSF black. Skull bone produces no signal, whereas bone marrow fat produces a very bright signal. On T2-weighted images, gray matter appears white, white matter is less bright, and CSF is white. The degree of brightness depends on the degree of T2 weighting.

MRI diagnoses many diseases of the brain and spinal cord better than C.T. and clearly demonstrates lesions in different planes. It is particularly useful to neurosurgeons because it shows the relationship between a lesion and nearby structures before surgery, thus facilitating operative planning. The physics of MRI may be studied in general MRI textbooks and will not be discussed here.

Although MRI offers many advantages in diagnosing brain lesions, it also has shortcomings and is inferior to C.T. for some conditions. For example, C.T. provides excellent, detailed diagnosis of acute hemorrhage, whether outside the brain, within the brain substance, in the ventricles, or in the subarachnoid space. C.T. also demonstrates calcification and bony details well. MRI does not show bone because its low mobile-hydrogen content produces no signal (a signal void). This characteristic is also an advantage, however: MRI does not produce the bone artifacts commonly encountered on C.T. at the skull base or foramen magnum. MRI is therefore particularly suitable for investigating skull-base lesions, showing them more clearly and in greater detail than C.T. It also better demonstrates several other conditions, including hemorrhage at different stages, multiple sclerosis plaques, intracanalicular acoustic neuromas, occult brainstem abnormalities, cavities within the spinal cord, and normal and abnormal cerebral vessels, such as AVMs. All these are well demonstrated by MRI without contrast injection and without bone artifacts, even when a lesion lies immediately adjacent to bone.

MRI is routinely performed in three planes: axial, coronal, and sagittal. Coronal sections clearly demonstrate lesions of the pituitary gland, orbits, petrous pyramids, skull base, and regions near the vertex. Sagittal sections show the details and relationships of midline tumors to adjacent structures particularly well, more clearly than C.T. They are therefore suitable for investigating lesions of the pituitary gland, diencephalon, brainstem, and spinal cord. In practice, when the clinical examination suggests a lesion in one of these locations, MRI should be performed because it provides better results and greater benefit than C.T.

Original pages 477–478
CONTRAST INJECTION

The intravenous contrast material currently accepted as safe for MRI is Gd-DTPA (gadolinium-labeled diethylenetriamine pentaacetic acid, also known as gadopentetate dimeglumine). It enhances T1 and T2 relaxation, producing T1 hyperintensity (Figure 6.126c) and T2 hypointensity. The indications for contrast injection are similar to those for contrast-enhanced C.T.: extra-axial brain tumors, tumors at the skull base, and intra-axial tumors, particularly metastatic brain tumors.

Contrast enhancement in MRI is especially useful for demonstrating the relationship between a brain tumor and surrounding cerebral edema(15) and for better defining the tumor’s characteristics. In general, tumors with a high malignancy grade enhance more than low-grade tumors.(16) However, the intensity of enhancement does not necessarily correlate with tumor grade. Extra-axial tumors consistently show marked enhancement.

MRI detects and localizes brain tumors much more clearly than C.T., but it still cannot unequivocally demonstrate the specific features of every tumor type. Accurate diagnosis requires consideration of differences in signal intensity. Most brain tumors have a high proton density, with prolonged T1 and T2 on spin-echo sequences. Tumors therefore appear hypointense on T1-weighted images and hyperintense on T2-weighted images. Studies show that T1 hyperintensity occurs with subacute and chronic hemorrhage (methemoglobin), melanin, fat, high protein concentration, slowly flowing blood, iodinated or paramagnetic intravenous contrast enhancement, and paramagnetic cations such as manganese, iron, and copper. T2 hypointensity occurs with low proton density (for example, calcification, dense cellularity, and fibrocartilage), paramagnetic effects (iron, hemosiderin, deoxyhemoglobin, melanin, and intracellular methemoglobin), macromolecular content (high protein concentration), and signal void caused by rapidly flowing blood.(17,18) Knowledge of these signal intensities, considered together with the characteristic features of each lesion and the clinical history, enables more accurate and definite MRI diagnosis of brain tumor types.

The MRI characteristics of a brain tumor depend mainly on its water content, particularly extracellular water. Occasionally, other components develop within a tumor, including calcium, fat, blood, necrosis, edema, and cysts. These alter its MRI appearance according to their composition. Considered together with other features, they improve the accuracy of tumor diagnosis. The MRI appearances of tumors containing these various components are briefly described below.

Original pages 478–479
Cerebral Edema

As discussed in earlier chapters, brain tumors can cause cerebral edema. This occurs with metastatic and malignant brain tumors, as well as with benign tumors such as meningiomas. MRI demonstrates edema very well. On T1-weighted images, edematous tissue has lower intensity than brain tissue and appears darker; on T2-weighted images, it has higher intensity and appears white (Figure 6.126b). This high intensity sometimes makes it difficult to distinguish the tumor margin from surrounding edema, because the extracellular spaces in both the tumor and white matter contain water. Low-grade astrocytomas have relatively little vascular permeability to contrast material and therefore show no enhancement on contrast C.T., despite increased water within the tumor. In such cases, MRI demonstrates tissue abnormalities and their extent better than C.T. MRI often shows a different signal in the tumor from that in the surrounding edematous brain. On T2-weighted images, edema has higher intensity (appears whiter) than the tumor, indicating more extracellular water in white matter than in the densely cellular tumor region.(19) Necrotic or cystic portions of a tumor appear markedly hypointense (darker) on T1-weighted images, whereas edema is better demonstrated on T2-weighted images.

Original pages 479–480
Cyst

Many brain tumors contain cysts, including craniopharyngiomas, colloid cysts, and various malignant tumors. Some are cystic from the outset, such as colloid and epidermoid cysts. Others develop cysts from tumor-cell necrosis or hemorrhage in the center of the tumor, producing a high-protein cyst with a variable MRI appearance. In general, cysts in malignant tumors have irregular walls and may show fluid levels. Their fluid signal differs from CSF, with a shorter T1 relaxation time and a brighter appearance on film. MRI’s ability to characterize cyst fluid allows better assessment of cystic brain tumors than C.T.(20) For example, C.T. cannot distinguish the density of fluid in a cystic astrocytoma from that of CSF, whereas MRI clearly distinguishes a CSF-containing cyst from a high-protein cyst such as a cystic astrocytoma or a hemorrhagic cyst. High-protein fluid has a shorter T1 relaxation time than CSF, so the cyst appears brighter than CSF on MRI (Figure 6.120a). When cyst fluid separates into two layers, the layers have different MRI appearances. The upper, lower-protein layer has a longer T1 relaxation time than the lower, higher-protein layer. On T1-weighted images, the upper layer consequently appears darker than the lower layer, though not as dark as CSF.

Original page 480
TUMOR HEMORRHAGE

Intratumoral hemorrhage generally involves only part of a tumor. MRI demonstrates characteristic blood appearances well in subacute and chronic hemorrhage. On T1-weighted images, an acute hematoma (0–2 days) is isointense to brain tissue, while surrounding vasogenic edema is less intense (darker) because of its longer T1. In the subacute stage, the periphery of the hematoma changes to methemoglobin, which has a very short T1. T1-weighted images therefore show increased intensity,(21) or a whiter appearance (Figure 6.117a, b). In the chronic stage, all deoxyhemoglobin in the center of the hematoma has changed to methemoglobin, and the surrounding vasogenic edema disappears. The hematoma is hyperintense,(22) with surrounding isointense hemosiderin. With further passage of time, the former hematoma becomes hypointense.

Original page 480
Calcification

Calcification in a tumor is important in diagnosing its type. C.T. demonstrates calcification better than MRI.(14) Calcification produces no MRI signal (a signal void) and therefore appears dark (Figure 6.118).

Original pages 480–483
Fat

Fat-containing tumors such as lipomas and teratomas appear bright on T1-weighted MRI and fade on T2-weighted images.

[image: Figure 6.117. MRI appearances in a patient with subacute intratumoral hemorrhage.a. Non-contrast C.T. clearly demonstrates the hematoma.b. On T1-weighted MRI, the hematoma is hyperintense and surrounded by hypointense cerebral edema.c. On T2-weighted MRI, both the hematoma and surrounding edema are hyperintense.]Figure 6.117. MRI appearances in a patient with subacute intratumoral hemorrhage.
a. Non-contrast C.T. clearly demonstrates the hematoma.
b. On T1-weighted MRI, the hematoma is hyperintense and surrounded by hypointense cerebral edema.
c. On T2-weighted MRI, both the hematoma and surrounding edema are hyperintense.
[image: Figure 6.118. a. Calcification produces no MRI signal (signal void) and appears dark (hypointense).b. C.T. clearly demonstrates the calcification.]Figure 6.118. a. Calcification produces no MRI signal (signal void) and appears dark (hypointense).
b. C.T. clearly demonstrates the calcification.
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MRI Characteristics of Individual Brain Tumors

Different intra-axial and extra-axial brain tumors have different MRI appearances, depending on their internal components as described above. Knowledge of the pathological and MRI characteristics of each type permits more accurate and definite diagnosis. The MRI appearances of individual brain tumors are briefly described below.

Original page 483
Glial Tumors

These tumors arise within the brain substance. Common members of this group include astrocytoma, oligodendroglioma, and ependymoma, with further variation according to malignancy. Abnormal signals produced by glial tumors can be divided into five categories:(17) signals from the tumor itself, cystic change, necrosis, edema, and neovascularity with loss of the blood–brain barrier, clearly demonstrated by contrast enhancement. All these changes increase brain water content and thus prolong T1 and T2 relaxation times. Consequently, MRI shows hypointensity on T1-weighted images and hyperintensity on T2-weighted images. Gliomas with central cystic change and necrosis show hypointensity on T1-weighted images.

Original pages 483–484
Astrocytoma

Astrocytomas may be divided into low-grade (benign) astrocytoma, anaplastic astrocytoma, and glioblastoma multiforme (malignant). MRI improves localization of these tumors. For example, a low-grade astrocytoma has almost the same density as brain tissue on C.T., making its location and extent indistinct. Even contrast C.T. shows no enhancement. MRI defines its margins more clearly (Figure 6.119) because it distinguishes water within the tumor from water in the surrounding edematous brain. Nevertheless, MRI remains no better than C.T. at identifying the tumor type. Tumors in this group are more conspicuous after Gd-DTPA contrast injection.

[image: Figure 6.119. Low-grade astrocytoma of the frontal lobe.a. Contrast C.T. shows no enhancement.b. T1-weighted imaging shows slight hypointensity.c. T2-weighted imaging shows hyperintensity.]Figure 6.119. Low-grade astrocytoma of the frontal lobe.
a. Contrast C.T. shows no enhancement.
b. T1-weighted imaging shows slight hypointensity.
c. T2-weighted imaging shows hyperintensity.
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Glioblastoma Multiforme

MRI demonstrates differences among the components of this tumor (Figure 6.120a, b, c). i) Central necrosis is hypointense on T1-weighted images and hyperintense on T2-weighted images. ii) Densely cellular, highly vascular tumor often forms an irregular ring around the central necrosis. It is hypointense on T1-weighted images and hyperintense on T2-weighted images, but the T2 hyperintensity is relatively modest (not very white on film) because of the glial cells, vascular proliferation, and abundant blood flow characteristic of glioblastoma multiforme. Contrast MRI shows marked enhancement of this component. iii) Abnormal vessels supplying the tumor and large draining veins produce signal voids and appear dark. iv) Edematous brain is hypointense on T1-weighted images and hyperintense on T2-weighted images. v) Areas of intratumoral hemorrhage appear hyperintense on both T1- and T2-weighted images.

[image: Figure 6.120. MRI appearances of glioblastoma multiforme.a. Central necrosis is hypointense on T1-weighted imaging, surrounded by less hypointense cerebral edema. Cyst fluid appears brighter than CSF.b. Necrotic and edematous regions show increased intensity (appear whiter) on proton-density imaging.c. Contrast T1-weighted MRI clearly defines the tumor margins.]Figure 6.120. MRI appearances of glioblastoma multiforme.
a. Central necrosis is hypointense on T1-weighted imaging, surrounded by less hypointense cerebral edema. Cyst fluid appears brighter than CSF.
b. Necrotic and edematous regions show increased intensity (appear whiter) on proton-density imaging.
c. Contrast T1-weighted MRI clearly defines the tumor margins.
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Oligodendroglioma

This is a slowly growing glioma, usually containing calcification. Intratumoral hemorrhage may occur, so MRI can show several different appearances. Calcified areas are hypointense, whereas areas of previous hemorrhage are hyperintense on T1-weighted images.
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Brainstem Glioma

MRI is very useful for brainstem glioma. It shows the tumor more clearly than C.T., without interference from bone artifacts, and produces excellent sagittal images. The brainstem tumor is hypointense on T1-weighted images and hyperintense on T2-weighted images (Figure 6.121a, b, c). The pons is enlarged and the fourth ventricle compressed. Intravenous contrast produces conspicuous enhancement.

Original page 486
Cerebellar Astrocytoma

This is a common childhood tumor, second to medulloblastoma, and includes benign pilocytic and fibrillary astrocytomas. The tumor may be solid without a cavity, or cystic with a mural nodule in the cyst wall. On MRI, the solid tumor is hypointense on T1-weighted images and hyperintense on T2-weighted images. The cystic portion has lower intensity than the solid portion on T1-weighted images and higher intensity on T2-weighted images. Cyst fluid has higher intensity (is whiter) than water on T1-weighted images and may form fluid levels. Intravenous contrast produces very clear enhancement.

Original pages 486–488
Ependymoma

On MRI, this tumor is hypointense on T1-weighted images and hyperintense on T2-weighted images. Patches of T1 hyperintensity may indicate previous intratumoral hemorrhage. Some tumors contain scattered signal voids caused by calcification. Important diagnostic features are an intraventricular location, clearly defined margins, and obstruction of CSF flow causing hydrocephalus. Contrast MRI may show tumor seeding along the ventricular ependyma and in the subarachnoid space.

[image: Figure 6.121. MRI appearances of brainstem glioma.a. Sagittal T1-weighted image shows a clearly defined hypointense tumor.b. T2-weighted image shows hyperintensity.c. Axial proton-density image shows a hyperintense tumor.]Figure 6.121. MRI appearances of brainstem glioma.
a. Sagittal T1-weighted image shows a clearly defined hypointense tumor.
b. T2-weighted image shows hyperintensity.
c. Axial proton-density image shows a hyperintense tumor.
Original page 488
Choroid Plexus Papilloma

This intraventricular tumor commonly occurs in the trigone of the lateral ventricle and in the fourth ventricle. It has a cauliflower-like appearance and is always associated with hydrocephalus, because the tumor produces excessive CSF and may occasionally bleed into it. A fourth-ventricular tumor can rapidly obstruct CSF flow. The intraventricular location, together with these features, helps establish the diagnosis. Choroid plexus papilloma is highly vascular and may contain calcification. It is hypointense or isointense to brain on T1-weighted images, and hypointense to CSF on T2-weighted and proton-density-weighted images. Contrast MRI shows very marked enhancement.

Original pages 488–489
Medulloblastoma

This tumor consists of densely packed primitive cells and is usually located in the cerebellar vermis. Obstruction of the fourth ventricle causes hydrocephalus. Most tumors are solid without cysts, although large tumors may contain cysts or necrosis. MRI shows hypointensity on T1-weighted images and isointensity or slight hyperintensity on T2-weighted images (Figure 6.122). The isointensity or limited hyperintensity on T2-weighted images reflects the high cellular density and low interstitial water content.(24) This distinguishes medulloblastoma from cerebellar astrocytoma on MRI. Intravenous gadolinium produces conspicuous tumor enhancement and can also demonstrate tumor cells disseminated through the subarachnoid space.(25)

These signal characteristics, together with a vermian location and subarachnoid dissemination, are important in diagnosing this tumor.

[image: Figure 6.122. Sagittal MRI of a medulloblastoma in the cerebellar vermis.a. On T1-weighted imaging, the tumor is isointense and its cystic portion hypointense.b. On proton-density and T2-weighted imaging, the tumor is slightly hyperintense.]Figure 6.122. Sagittal MRI of a medulloblastoma in the cerebellar vermis.
a. On T1-weighted imaging, the tumor is isointense and its cystic portion hypointense.
b. On proton-density and T2-weighted imaging, the tumor is slightly hyperintense.
Original pages 489–491
Colloid Cyst

This is a round, smooth-walled cyst containing mucinous fluid, located in the third ventricle near the foramen of Monro. MRI shows hyperintensity on both T1- and T2-weighted images. However, the signal varies with the amounts of mucin, iron, and hemosiderin in the cyst, so its appearance is not constant.(26,27,28,29) The key diagnostic feature is therefore a smoothly marginated mass in the third ventricle close to the foramen of Monro.

[image: Figure 6.123. MRI of hemangioblastoma.a. Sagittal T1-weighted image shows a heterogeneously hypointense cerebellar tumor.b. Axial image shows vessels within and on the surface of the tumor (arrows). They are hypointense on both T1- and T2-weighted images because the vessels produce no MR signal (signal void).]Figure 6.123. MRI of hemangioblastoma.
a. Sagittal T1-weighted image shows a heterogeneously hypointense cerebellar tumor.
b. Axial image shows vessels within and on the surface of the tumor (arrows). They are hypointense on both T1- and T2-weighted images because the vessels produce no MR signal (signal void).
Original page 491
Hemangioblastoma

This benign vascular tumor commonly occurs in the posterior fossa, especially the cerebellum. It contains numerous small and large sinusoidal vessels, so intratumoral hemorrhage is common. The tumor may be solid or a cyst with a mural nodule; the cystic form is less common. Multiple hemangioblastomas may occur in one patient. MRI shows a mixture of T1 and T2 intensities reflecting solid tumor, cyst, vessels, intratumoral hemorrhage, and fat. The following appearances may therefore be seen:(30) i) A cyst, or a cyst with a mural nodule; the cyst is hypointense on T1-weighted images and hyperintense on T2-weighted images. ii) Areas of T1 hyperintensity within the tumor indicate previous hemorrhage or fat within the tumor stroma, which shortens T1. iii) Previous hemorrhage produces hemosiderin within and around the hemangioblastoma, appearing as curved hypointense areas. iv) Vascular signal voids appear as hypointense structures within or around the tumor. Their size varies with the vessels supplying or draining the tumor (Figure 6.123a, b).

Important diagnostic features of hemangioblastoma are a cyst with a mural nodule and vascular signal voids. Contrast MRI clearly demonstrates the mural nodule.

Original pages 491–492
Meningioma

This is an extra-axial tumor, usually attached to the dura and clearly circumscribed. When large, it compresses the cortex, subarachnoid CSF, and cortical vessels; some cases also have cerebral edema. MRI demonstration of these changes is important for diagnosis. Meningiomas are generally isointense to brain or slightly hypointense on both T1- and T2-weighted images, although some may be slightly hyperintense on T2-weighted images. After contrast injection, there is marked enhancement and a “dural tail sign”: thickened, enhancing dura adjacent to the tumor margin resembles a tail extending from the meningioma (Figure 6.124b). Enhancement is often heterogeneous because the tumor may contain calcification, varying vascularity, and sometimes small cysts. A hypointense band of subarachnoid CSF and vessels separates the meningioma from the compressed gyri (Figure 6.124a). Some cases show surrounding edema, with T1 hypointensity and T2 hyperintensity. MRI demonstrates extension into a dural venous sinus better than C.T.(31) MRI may also show skull thickening from hyperostosis as a signal void.

[image: Figure 6.124. MRI of meningioma.a. The tumor is hypointense on T1-weighted imaging. Note the hypointense band of subarachnoid CSF and vessels between the tumor and gyri (arrows), an important diagnostic feature.b. Contrast MRI shows the characteristic “dural tail sign” (arrow).]Figure 6.124. MRI of meningioma.
a. The tumor is hypointense on T1-weighted imaging. Note the hypointense band of subarachnoid CSF and vessels between the tumor and gyri (arrows), an important diagnostic feature.
b. Contrast MRI shows the characteristic “dural tail sign” (arrow).
Original pages 493–494
Schwannomas

The most common tumor in this group is an acoustic nerve schwannoma. It is a well-circumscribed extra-axial tumor surrounded by CSF in the basal cistern. It may lie within the internal auditory canal (intracanalicular) or extend outside the canal into the intracranial cerebellopontine angle (extracanalicular). MRI is the best method for diagnosing acoustic neurinoma. It does not require intrathecal air or metrizamide contrast as C.T. does, and there is no artifact from adjacent bone, even with a small tumor. It clearly shows the details of both intracanalicular and extracanalicular tumors. The tumor is hypointense on T1-weighted images and hyperintense on T2-weighted images, more so than meningioma. The cistern on the affected side is enlarged; occasionally a cyst lies over the posterior surface of the tumor. Contrast injection produces marked enhancement, particularly of the intracanalicular component.(32,33,54) (Figure 6.125a, b, c)

[image: Figure 6.125. MRI of acoustic neurinoma.a. Axial T1-weighted image shows a hypointense tumor compressing the cerebellar peduncle, pons, and fourth ventricle.b. The tumor is hyperintense on T2-weighted imaging.c. Coronal contrast image shows marked enhancement within the internal auditory canal (arrow) and intracranially, with multiple intratumoral cysts.]Figure 6.125. MRI of acoustic neurinoma.
a. Axial T1-weighted image shows a hypointense tumor compressing the cerebellar peduncle, pons, and fourth ventricle.
b. The tumor is hyperintense on T2-weighted imaging.
c. Coronal contrast image shows marked enhancement within the internal auditory canal (arrow) and intracranially, with multiple intratumoral cysts.
Original pages 494–497
Metastatic Tumors

The pathological characteristics of metastatic brain tumors are: i) They are commonly located at the junction of gray and white matter. ii) They may be solitary or multiple. iii) Marked edema always surrounds the tumor. iv) Some tumors contain hemorrhage. v) They show marked contrast enhancement, which may be homogeneous, heterogeneous, or ring-like when there is central necrosis. vi) Tumor cells may spread into the ventricles and subarachnoid space. MRI clearly demonstrates all these features. Contrast MRI is the best examination for metastatic tumors in the brain, ventricles, subependymal and ependymal regions, cisterns, and subarachnoid space. Bone produces no signal, so an enhancing tumor adjacent to bone is clearly visible (Figure 6.126c). This is particularly useful in the posterior fossa. Metastatic tumors are hypointense on T1-weighted images and hyperintense on T2-weighted images. On T2-weighted images the surrounding edema is hyperintense (Figure 6.126a, b, c), and is more readily distinguished from the tumor than in primary brain tumors.(19)

[image: Figure 6.126. MRI of a metastatic tumor.a. T1-weighted image shows hypointensity of the tumor and surrounding edema.b. On T2-weighted imaging, the tumor is hyperintense but less intense than the edema, allowing the two to be distinguished (arrows).c. Contrast T1-weighted image clearly demonstrates the tumor.]Figure 6.126. MRI of a metastatic tumor.
a. T1-weighted image shows hypointensity of the tumor and surrounding edema.
b. On T2-weighted imaging, the tumor is hyperintense but less intense than the edema, allowing the two to be distinguished (arrows).
c. Contrast T1-weighted image clearly demonstrates the tumor.
Two types of metastatic tumor have characteristic appearances: mucinous adenocarcinoma and malignant melanoma. Both are hypointense on T2-weighted images.

MRI best demonstrates hemorrhage within metastatic tumors because it is sensitive to blood and hemoglobin breakdown products, helping to distinguish these lesions from ordinary hemorrhage.(34) The distinguishing features are: i) Reduced T2 signal persists longer because deoxyhemoglobin continues to be produced.(34,35) ii) Hypointensity may persist for weeks or months. iii) Repeated hemorrhage produces a heterogeneous appearance, with blood of different ages in different locations: recent hemorrhage is hypointense, subacute hemorrhage hyperintense, and old hemorrhage has a hypointense hemosiderin rim. iv) There is marked contrast enhancement.

Malignant melanoma contains melanin, a paramagnetic substance,(36) and tends to bleed. Its appearance depends chiefly on whether hemorrhage is present. Without hemorrhage, it is hyperintense on T1-weighted images and slightly hypointense or isointense on T2-weighted images. When hemorrhage is present, the appearance varies with its age. Contrast enhancement is homogeneous.

Mucinous adenocarcinoma is hypointense or isointense on T1-weighted images and hypointense on T2-weighted images, probably because of its high protein content.(37)

Original page 497
Leptomeningeal Metastasis

Tumor cells spread to the leptomeninges and through the CSF in the subarachnoid space, involving the basal cisterns, Sylvian fissures, cortical sulci, and ventricles and causing hydrocephalus. Primary CNS tumors that commonly spread in this way include medulloblastoma, ependymoma, pinealoblastoma, and retinoblastoma.(38,39) Lymphoma, leukemia, and melanoma can also do so. Noncontrast MRI generally cannot demonstrate this dissemination at all. Contrast injection produces marked enhancement, and MRI demonstrates it better than C.T.(40) Enhancement in the basal cisterns, Sylvian fissures, cortical sulci, and tentorium is usually nodular, rather than the smooth diffuse enhancement seen with inflammation.(41)

Original pages 497–499
Pituitary Adenoma

MRI clearly demonstrates tumor margins, particularly in coronal and sagittal sections, showing its size, extent, and relationship to nearby important structures and thus helping the surgeon plan treatment. Pituitary adenomas are classified as microadenomas, smaller than 1 cm, and macroadenomas. MRI is better than C.T. for microadenomas. Most are hypointense relative to the normal gland on T1-weighted images, with variable T2 signal. They enhance less than normal pituitary tissue (Figure 6.127a, b). Most lie laterally, causing bulging of the gland and displacement of the stalk to the opposite side.(42) (Figure 6.127c) Most prolactin-secreting microadenomas do not enhance.(43,44) ACTH-secreting microadenomas enhance late after Gd-DTPA injection.

[image: Figure 6.127. Pituitary microadenoma.a. T1-weighted image shows an isointense lesion. The internal carotid arteries on both sides appear as hypointense signal voids (arrows).b. The microadenoma enhances less than the normal gland (arrow).c. The pituitary stalk is displaced away from the adenoma.]Figure 6.127. Pituitary microadenoma.
a. T1-weighted image shows an isointense lesion. The internal carotid arteries on both sides appear as hypointense signal voids (arrows).
b. The microadenoma enhances less than the normal gland (arrow).
c. The pituitary stalk is displaced away from the adenoma.
For macroadenomas, MRI clearly shows the size, extent, and relationships, as well as cysts, necrosis, and hemorrhage. Solid tumor is hypointense or nearly isointense on T1- and T2-weighted images and enhances homogeneously (Figure 6.128a, b, c). Cystic and necrotic areas have T1 intensity between that of CSF and solid tumor and are hyperintense on T2-weighted images. Hemorrhage is clearly demonstrated; in the subacute stage, methemoglobin causes hyperintensity on both T1- and T2-weighted images.(45) Coronal and sagittal images excellently demonstrate compression of the optic chiasm, cavernous sinus, and internal carotid artery, and extension into the interpeduncular fossa.

Original pages 499–502
Craniopharyngioma

This tumor occurs in the region of the sella turcica. It may be intrasellar, suprasellar—the most common location—or, less commonly, intraventricular in the third ventricle. The tumor usually contains cysts and calcification. The cyst fluid is brown, with a high protein content and numerous cholesterol crystals. In children, craniopharyngioma is the most common tumor in the sellar region with these characteristics. MRI is the best investigation because it differentiates tissue types and clearly demonstrates the relationship of the tumor to adjacent structures in coronal and sagittal planes. C.T., however, demonstrates calcification better. In general, the cystic component of a craniopharyngioma is hyperintense on T1-weighted images because of cholesterol crystals within it; a cyst without cholesterol is slightly hypointense. On T2-weighted images it is hyperintense (Figure 6.129a, b). Noncalcified solid tumor is isointense on T1-weighted images and hyperintense on T2-weighted images. Calcification is hypointense on both T1- and T2-weighted images because bone produces no signal (signal void). After contrast injection, the solid tumor and cyst wall enhance clearly on T1-weighted images.

[image: Figure 6.128. Pituitary macroadenoma.a. Coronal T1-weighted image shows an isointense tumor. Note its upward expansion, compressing the optic chiasm and third ventricle.b. Proton-density-weighted image shows homogeneous hyperintensity.c. Sagittal image clearly demonstrates extension of the pituitary tumor into other regions.]Figure 6.128. Pituitary macroadenoma.
a. Coronal T1-weighted image shows an isointense tumor. Note its upward expansion, compressing the optic chiasm and third ventricle.
b. Proton-density-weighted image shows homogeneous hyperintensity.
c. Sagittal image clearly demonstrates extension of the pituitary tumor into other regions.
[image: Figure 6.129. MRI of craniopharyngioma.a. Sagittal T1-weighted image shows a craniopharyngioma that is not as hypointense as CSF. The tumor has suprasellar and retrosellar extension.b. Coronal T2-weighted image shows hyperintensity.]Figure 6.129. MRI of craniopharyngioma.
a. Sagittal T1-weighted image shows a craniopharyngioma that is not as hypointense as CSF. The tumor has suprasellar and retrosellar extension.
b. Coronal T2-weighted image shows hyperintensity.
Original page 502
Pineal Tumors

Tumors in this region fall into three groups.

	Tumors arising from germ cells: germinoma and teratoma
	Tumors arising from pineal cells: pineocytoma and pineoblastoma
	Tumors arising from glial cells, such as gliomas, and others


The most common tumor in this region is germinoma, followed in descending order of frequency by teratoma, pineoblastoma, and pineocytoma.

On MRI, germinomas are isointense to gray matter on T1-weighted images and isointense or slightly hyperintense on T2-weighted images.(49,50) (Figure 6.130) Germinomas generally do not contain calcification, although they may coexist with pineal gland calcification. Contrast MRI shows hyperintensity. These tumors tend to extend into the third ventricle and disseminate through the CSF; consequently, deposits on the ventricular walls and in the subarachnoid space may be demonstrated on contrast MRI.

Original page 502
Teratoma

This tumor contains several types of tissue, including bone and fat, and often contains cysts. On MRI, fat produces hyperintensity on T1-weighted images, whereas bone or calcium and cysts are hypointense.

Original pages 502–503
Pineocytoma & Pineoblastoma

Both are tumors of pineal cells. Pineoblastoma is malignant and more common than pineocytoma. It consists of densely packed immature cells and is currently classified in the primitive neuroectodermal tumor (PNET) group. Both tumors are hypointense on T1-weighted MRI and hyperintense on T2-weighted MRI. Because these tumors contain calcification, hypointense areas of bone may be seen on both T1- and T2-weighted images.

[image: Figure 6.130. MRI of germinoma.a. Axial T1-weighted image shows an isointense germinoma.b. T2-weighted image shows slight hyperintensity.c. Sagittal postcontrast image shows clear enhancement of the germinoma (short arrow). Note a second, ectopic germinoma in the suprasellar region (long arrow).]Figure 6.130. MRI of germinoma.
a. Axial T1-weighted image shows an isointense germinoma.
b. T2-weighted image shows slight hyperintensity.
c. Sagittal postcontrast image shows clear enhancement of the germinoma (short arrow). Note a second, ectopic germinoma in the suprasellar region (long arrow).
Original pages 503–504
Epidermoid Tumors (Pearly Tumors)

These are the most common congenital intracranial tumors, followed by dermoids, lipomas, and teratomas, in that order. They commonly occur in the cerebellopontine angle and parasellar region. The tumor consists of an epithelial cyst wall and fluid containing keratin. Calcification is uncommon. Epidermoids generally appear hypointense on T1-weighted MRI and hyperintense on T2-weighted MRI,(51) (Figure 6.131a, b) without enhancement after Gd-DTPA injection. Horowitz et al.(52) described two MRI types: black epidermoids and white epidermoids. The former are solid masses of pearly keratin without triglycerides, and therefore appear hypointense on T1-weighted images. The latter are cystic lesions containing triglycerides and consequently have a higher signal intensity (a whiter appearance) on T1-weighted images.

Original page 504
Dermoid Tumors

These thick-walled cysts occur along the midline of the brain, commonly in the posterior fossa, and often have calcification in their walls and contents. The cyst contents have two components: the lighter, fat-containing component lies above, while the keratin protein component lies below. A dermoid therefore has a heterogeneous MRI appearance (Figure 6.132). The fatty component is hyperintense on T1-weighted images; the lower component is hypointense or dark, although not as dark as CSF. On T2-weighted images, all the contents are hyperintense.(53) Calcified areas produce signal voids and appear dark. If a dermoid ruptures, fat droplets disseminate to multiple sites in the subarachnoid space. On T1-weighted MRI they appear as hyperintense foci in the basal cisterns and throughout the subarachnoid space.

Original pages 504–506
Lipomas

These commonly occur in midline structures such as the corpus callosum and quadrigeminal plate. Some have eggshell-like calcification. MRI clearly demonstrates the characteristic fat within the lipoma: hyperintensity on T1-weighted images and isointensity or hyperintensity on T2-weighted images. A lipoma of the corpus callosum may be associated with a visible abnormality of the corpus callosum.

[image: Figure 6.131. MRI of epidermoid tumor.a. T1-weighted image shows hypointensity without definite enhancement of the wall.b. T2-weighted image shows hyperintensity.]Figure 6.131. MRI of epidermoid tumor.
a. T1-weighted image shows hypointensity without definite enhancement of the wall.
b. T2-weighted image shows hyperintensity.
[image: Figure 6.132. MRI of dermoid tumor.a. Coronal T1-weighted image shows heterogeneous hypointensity.b. Axial T2-weighted image shows hyperintensity.c. The tumor does not enhance with contrast.]Figure 6.132. MRI of dermoid tumor.
a. Coronal T1-weighted image shows heterogeneous hypointensity.
b. Axial T2-weighted image shows hyperintensity.
c. The tumor does not enhance with contrast.
Original pages 506–507
Chordoma

This tumor arises from notochordal remnants. Within the skull it commonly occurs at the clivus and sphenoid bone. It is a locally destructive tumor, appearing as a mass anterior to the brainstem and displacing it posteriorly. MRI shows hypointensity or isointensity on T1-weighted images and hyperintensity on T2-weighted images. Some tumors contain hemorrhagic foci that are hyperintense on both T1- and T2-weighted images. In others, fragments of bone and bone marrow within the tumor produce mixed intensities on both sequences. Clival chordomas are well demonstrated in the sagittal plane.

Original page 507
Obsolete Investigations

Before C.T. and MRI were introduced for detecting brain tumors, several other examinations could establish the diagnosis, including:

	ventriculography
	pneumoencephalography
	radioisotope brain scan
	echoencephalography
	EEG


These examinations have now been discontinued because they do not provide the detail obtained with C.T. Some cause distress and pain, and occasionally serious complications. C.T. is far superior: it is reliable and clearly demonstrates the location, size, sometimes the type of tumor, and its effects, such as cerebral edema, hydrocephalus, and herniation, without pain or danger to the patient.

Nevertheless, these examinations will be described briefly to provide an understanding of investigations that have become historical. If necessary, they may still be used to investigate tumors on certain occasions and in particular circumstances.

Original pages 507–509
Ventriculography

Air or radiopaque contrast is injected to replace CSF in the ventricles, to demonstrate hydrocephalus, the site of CSF pathway obstruction, and tumors within or adjacent to the walls of the lateral, third, and fourth ventricles. Examination using air is called air ventriculography; that using radiopaque material is called positive-contrast ventriculography. Ventriculography is performed when angiography does not clearly demonstrate an intracranial abnormality. The surgeon must always be prepared to operate immediately if necessary, because complications may be fatal.

Technique: Under local anesthesia, a frontal burr hole is made over the nondominant hemisphere, anterior to the coronal suture and approximately 2–2.5 cm from the midline. The dura is opened and a catheter containing a stylet is passed toward the ventricle, almost perpendicular to the surface and angled slightly medially toward the ipsilateral inner canthus. At a depth of approximately 5 cm, the catheter tip enters the frontal horn of the lateral ventricle and CSF is obtained. Alternatively, the burr hole may be placed in the posterior temporal region, 3 cm above and 3 cm behind the ear, or in the posterior parietal region, just above the lambdoid suture and 3–3.5 cm from the midline.

For air ventriculography, before air is injected the opposite side of the head is placed uppermost, or the patient is positioned prone, to prevent air escaping through the catheter. The volume of CSF removed must balance the volume of air injected; otherwise, air pressure may dangerously increase intracranial pressure. After the required amount of air has been introduced, the head is repositioned to direct it to the desired site and reveal the abnormality, and skull radiographs are obtained. If the foramina of Monro are unobstructed, air enters both lateral ventricles and the third ventricle (Figure 6.133).

[image: Figure 6.133. Air ventriculogram showing air within the lateral ventricle.]Figure 6.133. Air ventriculogram showing air within the lateral ventricle.
For positive-contrast ventriculography, the radiopaque agents used include Myodil, Pantopaque, and Conray 60. Only 3–4 c.c. of Myodil or Pantopaque is required; the head is then repositioned to allow Myodil to enter the third ventricle, aqueduct, and fourth ventricle (Figure 6.134). When Conray 60 is used, 6 c.c. is mixed with 6 c.c. of CSF and injected back into the ventricle. Conray flows through the ventricular system, allowing the whole system to be seen on radiographs.

[image: Figure 6.134. Conray ventriculogram showing the lateral ventricle, posterior third ventricle, aqueduct of Sylvius, and fourth ventricle displaced posteriorly by a brainstem tumor.]Figure 6.134. Conray ventriculogram showing the lateral ventricle, posterior third ventricle, aqueduct of Sylvius, and fourth ventricle displaced posteriorly by a brainstem tumor.
Original pages 509–511
Pneumoencephalography

Air is injected into the ventricular system through a lumbar puncture. This examination causes headache, distress, sweating, and faintness, and is hazardous, particularly in patients with raised intracranial pressure or a posterior fossa tumor, because it may cause tonsillar herniation, respiratory arrest, and loss of consciousness. In the author’s opinion, this should be the last investigation considered.

Technique: The patient sits with the head slightly flexed so that air can readily rise into the fourth ventricle. A lumbar puncture is performed, and air is injected in a volume equal to the CSF removed, approximately 5 c.c. at a time. Skull radiographs are obtained in the sitting position after each additional injection. If air does not enter the ventricles, the head must be repositioned. To show the third ventricle, aqueduct, and fourth ventricle clearly, tomography is performed by having the patient turn the head from side to side while remaining seated and obtaining a lateral image (Figure 6.135). This method clearly depicts only the midline structures. The patient may then be repositioned to move the air into other desired locations, followed by radiographs to demonstrate abnormalities.

[image: Figure 6.135. Pneumoencephalogram during tomography. Air in the basal cistern outlines a suprasellar mass (arrow). Note the third ventricle (3), aqueduct of Sylvius (AS), and fourth ventricle (4).]Figure 6.135. Pneumoencephalogram during tomography. Air in the basal cistern outlines a suprasellar mass (arrow). Note the third ventricle (3), aqueduct of Sylvius (AS), and fourth ventricle (4).
[image: Figure 6.136. Tc99 brain scan showing a frontal lobe tumor (arrows).]Figure 6.136. Tc99 brain scan showing a frontal lobe tumor (arrows).
If a tumor is suspected at the base of the brain, such as in the suprasellar region or cerebellopontine angle, it may be demonstrated by injecting air with the patient seated and the head extended. Air then enters the basal cisterns and subarachnoid space (Figure 6.135).

Original page 511
Brain Scan

A radioisotope is injected intravenously, and a scanning detector records an image on paper or X-ray film, demonstrating intracranial pathology. This is suitable as a screening examination to identify patients with brain lesions and may be performed on outpatients. The isotope used is technetium (Tc 99m). When an abnormality is found, further investigations are performed to establish the diagnosis, using angiography or ventriculography according to the individual case (Figure 6.136).

Original pages 511–512
Echoencephalography

Ultrasound is used to locate the brain’s midline and intracerebral masses. When ultrasound strikes the skull, midline structures, or a mass, reflected echoes allow their positions to be identified. A mass on one side of the skull shifts the midline to the opposite side. The ultrasound reflections have no features specific to tumors, so this method is insufficient for preoperative diagnosis and must always be supplemented by angiography or another investigation. Echoencephalography is therefore used only for screening.

Original page 512
EEG

This records the electrical activity of the brain and is appropriate only for patients with epilepsy. It is not useful for determining whether a patient has a brain tumor, because the changes in brain electrical activity are not specific to tumors. EEG indicates only the location of abnormal electrical activity; other investigations are required to determine the cause.

Original pages 512–514
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