Original page 515
Chapter 7 · Treatment of Brain Tumors

As discussed earlier, a brain tumor impairs the function of the region in which it arises and, as it enlarges, adjacent regions. It also causes cerebral edema, obstruction of CSF pathways, and raised intracranial pressure. Various medical illnesses may further worsen the patient’s condition or compromise the results of surgery. All these factors must be considered when treating patients with brain tumors. The aim of treatment is complete removal without increasing the neurological deficit present before surgery, with the greatest possible recovery of lost function. Once the tumor has been completely removed, its effects—cerebral edema, obstruction of CSF pathways, and raised intracranial pressure—resolve toward normal. However, tumors in some locations cannot be completely removed, and some cannot be treated surgically at all, such as those in the brainstem, thalamus, and hypothalamus. These are vital brain regions, and surgery may cause death. Other methods must therefore be used to provide palliation for a period of time.

The treatment of brain tumors may be discussed in two parts:

	General principles of treatment
	Specific management of individual tumors according to their type and location
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General Principles of Brain Tumor Treatment

Brain tumors grow, and allowing time to pass permits them to enlarge, with progressive loss of neurological function. Once examination and investigation establish that a brain tumor is present, treatment must be carefully planned. Considerations include its location, size, and probable type based on imaging, cerebral edema, hydrocephalus, midline shift, and the patient’s condition. The general treatment plan is as follows:

1. Completely remove the brain tumor if its location permits this without loss of neurological function or life. This can cure the disease and is usually possible with well-circumscribed benign tumors. Malignant or infiltrative tumors are difficult to remove completely; even with an operating microscope, all tumor cells infiltrating brain tissue cannot be dissected away. When the tumor is completely removed, intracranial pressure, cerebral edema, tumor-related hydrocephalus, and midline shift may return to normal.

2. Perform subtotal excision, removing as much as possible without increasing neurological deficit. This relieves compression of the brain and is appropriate when complete removal is impossible. During surgery, the surgeon must exercise judgment as to whether removal is worth the risk, how much should be removed, and when an attempt at complete excision should be abandoned in the face of difficulty. The patient’s neurological function and life must always take priority. If complete removal of a benign tumor in a critical location might cause death or major disability, it should not be attempted; as much as safely possible should be removed instead. The patient may then improve for a period and continue living, but may eventually face a second operation. At that point, the question of reoperation must be reconsidered through a fresh neurological examination and imaging, such as C.T., comparing the findings with those before the first operation and carefully weighing the benefits and disadvantages. If a second operation would offer no benefit, other treatments should be sought. In general, the period of improvement after a second operation is shorter than after the first unless additional treatments are used. Lost neurological functions often do not recover, particularly with infiltrative tumors.

New, highly effective instruments now assist brain tumor surgery, including bipolar coagulating forceps, microscopes, microinstruments, ultrasonic aspirators, and lasers. These make removal easier and less hazardous. Tumors in some locations that previously could not be completely removed can now be treated more successfully, with higher success rates.

3. Divert CSF through a shunt or ventriculostomy when its pathways are obstructed and the causative tumor cannot be completely removed. This improves the patient’s condition by lowering intracranial pressure and is often combined with radiotherapy for radiosensitive tumors. Shunts are frequently used in children, whose tumors commonly occur in the posterior fossa or midline and obstruct CSF flow.

CSF drainage before tumor removal has several benefits. It lowers intracranial pressure, potentially saving the patient’s life and improving neurological function. It also provides time to correct malnutrition and electrolyte abnormalities before major surgery. With posterior fossa tumors, however, a shunt or ventriculostomy may cause upward cerebellar herniation. Conversely, posterior fossa craniectomy for tumor removal without first draining CSF by ventriculostomy may worsen downward herniation, with similarly harmful consequences.

4. Obtain tumor tissue for pathological examination to determine its type, helping to plan surgery and subsequent additional treatment. Biopsy is indicated: i) when the tumor is deep or in a critical location where complete removal might endanger the patient; and ii) for malignant tumors that may require radiation and chemotherapy, so that the tumor type should be established. Tissue may be obtained by three methods: i) craniotomy and open biopsy; ii) needle biopsy; and iii) stereotactic biopsy. Open biopsy allows the surgeon to see the tumor, identify and avoid major vessels, and obtain additional tissue for diagnosis. It also allows bleeding points to be seen and controlled. Needle biopsy often yields a small sample that may be insufficient for diagnosis or may come from nontumorous tissue. More importantly, it may cause internal hemorrhage that cannot be controlled.

5. For radiosensitive tumors, follow surgery with radiotherapy, possibly combined with chemotherapy, according to the individual case.
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Preoperative Preparation

Before surgery, the surgeon must perform a thorough general and neurological examination to identify abnormalities in the various body systems. Unless urgent surgery is necessary, medical illnesses should first be treated and stabilized. This helps ensure successful surgery without intraoperative or postoperative complications. Once examination and investigations establish a brain tumor diagnosis, the surgeon must weigh the expected outcome and risks, considering the tumor’s location and type and the degree of cerebral edema. A reasoned plan must be made before operating: the approach to the tumor, the extent of removal, and whether surgery should be replaced by another treatment because of pre-existing medical illness. It is essential always to consider what additional loss of brain or cranial nerve function removal might cause. For example, acoustic neuroma surgery may cause facial palsy, while tentorial meningioma surgery may cause third, fourth, or sixth nerve palsy.

Psychological preparation and the relationship between the doctor, patient, and family are also important. The surgeon should explain the disease, indications for surgery, operative method, benefits, disadvantages, risks, and possible complications so that the patient and family understand them. At the same time, encouragement and confidence should be fostered to obtain cooperation and prepare the patient to face surgical risks.

The following important factors relating to brain surgery should be assessed and corrected before the operation.
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1. The Cardiovascular System

This is particularly important because the brain requires an adequate blood supply at all times, both during and after surgery. Surgery may cause blood loss and hypotension, and pre-existing cardiac disease increases the risk. A history of angina pectoris, chest pain, easy fatigue on exertion, myocardial infarction, or arrhythmia indicates risks during anesthesia. EKG and chest X-rays should therefore be obtained, particularly in patients over 40 years old, to detect abnormalities. A cardiologist should be consulted and treatment provided until surgery is considered safe.

In elderly patients, blood pressure should be measured both supine and sitting to assess whether brain surgery in the sitting position would compromise cardiac function. If cardiac function is inadequate, surgery should be performed in a recumbent position.
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2. The Respiratory System

This is another important system that ensures adequate O2 delivery to the brain. The preoperative history should cover chronic lung diseases such as asthma, emphysema, and bronchiectasis, chronic productive cough, noisy breathing, difficulty breathing, and tuberculosis. These conditions can cause CO2 retention and inadequate oxygenation. Excess CO2 causes cerebral vasodilatation, raising intracranial pressure and making surgery difficult and hazardous to the brain. Chest radiographs should be obtained to detect abnormalities. If pulmonary function is suspected to be inadequate, pulmonary function tests and blood gas analysis should be performed, and treatment continued until lung function improves satisfactorily before surgery.

In patients with markedly elevated intracranial pressure, positive-pressure breathing should not be used, because it raises venous pressure and consequently increases intracranial pressure further, creating a potential danger.
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3. Blood Tests

Obtain a complete blood count, including hemoglobin, hematocrit, and platelet count. Anemia and a low platelet count should first be corrected by transfusion of blood and platelets. If a disorder causing a coagulation defect, such as liver disease, is suspected, measure the prothrombin time and partial thromboplastin time, and correct the abnormality with intravenous vitamin K1 (Mephyton) and fresh frozen plasma.(1)

Other hematological problems that must be sought in the preoperative history include ecchymoses, prolonged bleeding, petechial rashes, purpura, epistaxis, and current aspirin use. These abnormalities endanger the patient during and after surgery; their causes must be identified and corrected.
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4. Fluids and Electrolytes

Tumors in certain locations may cause fluid and electrolyte disturbances. For example, hypothalamic tumors may cause diabetes insipidus or impair the thirst mechanism. Children with posterior fossa tumors may vomit excessively and eat poorly. Administration of osmotic diuretic solutions and furosemide can also cause dehydration and hypovolemia. At induction of anesthesia, blood pressure may fall, reducing cerebral blood flow and causing cerebral ischemia. Furosemide causes greater losses of Na+ and K+ than mannitol.(2) These disturbances must be corrected before anesthesia.

Several brain diseases, including tumors, may cause the syndrome of inappropriate antidiuretic hormone secretion (SIADH). Excessive water retention results in hyponatremia and water intoxication,(3) which can cause cerebral edema and seizures, making surgery difficult and dangerous. Fluid restriction should therefore first restore Na+ to normal.

K+ abnormalities are also important in surgery. Patients receiving diuretics for hypertension may develop hypokalemia, which can cause cardiac arrhythmias during surgery. It must therefore be corrected before the operation.
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5. The Endocrine System

Two important diseases affect surgery: diabetes insipidus and diabetes mellitus. Blood glucose must therefore be measured in every patient. If diabetes mellitus is found, it must be treated until blood glucose is within the normal range, because diabetes impairs wound healing and increases susceptibility to infection. Moreover, the stress of anesthesia and surgery, or steroids given before and after surgery, may greatly increase blood glucose and endanger the patient.

Corticosteroids must sometimes be given before surgery. In patients with a tumor and cerebral edema, they are used to reduce swelling:(4) dexamethasone 10 mg I.V., followed by 5 mg I.V. every 6 hours, beginning 1–2 days before surgery. Patients with pituitary gland or hypothalamic tumors often have hypopituitarism and require hydrocortisone 100–200 mg by intravenous drip before surgery to prevent an Addisonian crisis.
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6. Anticonvulsants

Preoperative anticonvulsants remain controversial for patients with brain tumors who have never had seizures. Some neurosurgeons give agents such as Dilantin and phenobarbital before and after every supratentorial tumor operation, although seizures during or immediately after surgery are uncommon. The author considers routine preoperative anticonvulsants unnecessary for all supratentorial tumors and selects only patients undergoing surgery in areas readily provoking seizures, such as the motor area, and those with a history of seizures. Dilantin or phenobarbital must be given for several days before surgery to control seizures, and should be continued for a time afterward. If no seizures occur, medication is discontinued.
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7. Antibiotics

The administration of antibiotics before and during surgery remains controversial. However, intraoperative antibiotics in clean cases have now been found effective in preventing postoperative neurosurgical infection.(5)
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8. Head Shaving and Hair Washing

Before the day of surgery, the hair should be washed thoroughly to reduce staphylococcal organisms. The head is then shaved on the day of surgery, cleaned with antiseptic, and covered with a clean cloth. The entire head should be shaved rather than only part, since partial shaving provides inadequate cleanliness and makes wound dressing difficult. After anesthesia and positioning, before surgery begins, the operative scalp area must be scrubbed twice with antiseptic soap for approximately 5–10 minutes, followed by sterile draping of the surrounding unclean areas.
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9. Enemas

An enema should not be given to a patient with a large tumor and raised intracranial pressure. It may induce forceful straining at defecation, abruptly raising intracranial pressure enough to cause brain herniation. The patient may lose consciousness and deteriorate, requiring emergency surgery.
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10. Urinary Catheterization

Brain tumor operations often take a long time, and some patients require diuretics to lower intracranial pressure. A Foley catheter should therefore be inserted in every patient with raised intracranial pressure who is expected to undergo a prolonged operation. Generally it is inserted after induction of anesthesia and removed postoperatively once the patient has recovered well and frequent timed measurements of urine output are no longer necessary.
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Anesthesia for Patients with Brain Tumors

Besides providing smooth anesthesia, the anesthesiologist must understand the various changes that may occur in the brain during anesthesia, particularly changes in intracranial pressure and cerebral circulation. These must be recognized immediately and corrected urgently during anesthesia; otherwise brain surgery cannot continue.

Before anesthesia, the anesthesiologist should assess the patient and consult the operating surgeon about the disease, operation, patient position, risks, and precautions, to prevent intraoperative complications and ensure a good result. The anesthesiologist must know the patient’s history regarding illness, level of consciousness, drug allergies, and seizures. The respiratory and circulatory systems must be examined for respiratory disease that could interfere with anesthesia or obstruct the airway. Cardiac and blood pressure abnormalities, such as myocardial infarction and hypertension, should be treated before anesthesia. Abnormalities in the laboratory and other investigations—CBC, electrolytes, blood glucose, blood gases, coagulation profile, urinalysis, EKG, and chest X-rays—must also be corrected to prevent complications.
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Considerations in Anesthesia for Patients with Brain Tumors

The surgeon and anesthesiologist must always take three interrelated factors into account: intracranial pressure, cerebral blood flow, and respiration. Changes must be recognized and corrected promptly. Raised intracranial pressure is a major obstacle to brain tumor surgery, making removal difficult and dangerous.

Changes in intracranial pressure depend on several factors that must be understood so that an increase during anesthesia can be prevented:

1. Premedication. This is important in patients whose tumor has already produced very high intracranial pressure, approaching decompensation (see Chapter 4). Drugs should not increase cerebral blood flow or intracranial pressure. Respiratory depressants should be avoided because they cause carbon dioxide retention and reduced oxygen; carbon dioxide dilates cerebral blood vessels and raises intracranial pressure. Narcotics, particularly morphine, should be avoided: they depress respiration, constrict the pupils, reduce consciousness, delay postoperative awakening, and interfere with assessment of consciousness. They may also cause vomiting, raising intracranial pressure to a dangerous level. The anesthesiologist may give atropine alone. Drowsy or unconscious patients do not require premedication.

2. Coughing and straining during induction. In patients with a large tumor or very high intracranial pressure, the surgeon must warn the anesthesiologist to avoid provoking coughing. Coughing and straining during intubation abruptly raise intracranial pressure and may cause uncal or tonsillar herniation, compressing the brainstem during anesthesia. Patients with raised intracranial pressure also tolerate poorly the hypoxia caused by coughing or prolonged intubation. Induction should therefore be smooth, with adequate oxygenation and rapid intubation without coughing.

3. Airway obstruction. This is the most important cause of an abrupt rise in intracranial pressure. Hypercapnia and hypoxemia cause cerebral vasodilatation and engorgement. Unless the airway is cleared promptly, diffuse cerebral edema may lead to brain herniation and brainstem compression, preventing recovery of consciousness. Brain cells cannot tolerate prolonged oxygen deprivation; obstruction must therefore be diagnosed promptly.

When the skull and dura have been opened, obstruction of the endotracheal tube by secretions or kinking causes the brain to bulge progressively beyond the craniotomy, without pulsation. Capillaries rupture, producing subarachnoid hemorrhage over the protruding brain. Surgery cannot continue. The airway must be cleared and the patient hyperventilated to correct hypercapnia; the brain then visibly subsides and begins to pulsate. Thus, when sudden intraoperative brain swelling occurs and hemorrhage into the tumor or brain and obstruction of the ventricles have been excluded, the airway should be checked first. Restoring its patency allows the brain to subside.

During tumor removal, intracranial pressure should be lowered by hyperventilation to a PCO2 of 25–30 mmHg. This provides the desired reduction in pressure without the cerebral ischemia caused by excessive vasoconstriction at a very low PCO2. Its advantages are: (1) cerebral vasoconstriction lowers intracranial pressure and relaxes the brain, facilitating tumor removal; (2) it counteracts the vasodilating effect of halothane; (3) it reduces the amount of anesthetic required; and (4) it permits control of PCO2. The disadvantage is that vasoconstriction at a PCO2 of 20 mmHg may cause cerebral hypoxia and infarction.

Spontaneous respiration during anesthesia is inappropriate in patients with a tumor and high intracranial pressure, since respiration is already depressed, especially with posterior fossa tumors near the respiratory center. Inadequate ventilation prevents brain relaxation and makes surgery difficult. Controlled respiration offers the following advantages: (1) adequate oxygen delivery and carbon dioxide elimination when the heart and lungs are normal; (2) less cerebral venous congestion and bleeding; (3) a smaller anesthetic requirement; (4) lighter anesthesia and more rapid awakening; (5) improved ventilation in the prone position; and (6) the use of muscle relaxants to prevent coughing and straining, which benefits the brain. Some surgeons prefer spontaneous respiration during posterior fossa surgery to monitor the respiratory center while manipulating the medulla. Even during controlled respiration, however, cardiac arrhythmias on the EKG can indicate disturbance of the medulla.(6)

A patent airway must be maintained at all times, including after surgery, when surgical edema and poor respiration may aggravate the problem. If the patient remains unconscious after the operation, the endotracheal tube should remain in place to prevent obstruction by the tongue and permit suction of secretions.

4. Anesthetic agents. Several injectable and inhaled anesthetics, including ketamine and halothane, dilate cerebral vessels, increasing cerebral blood flow and intracranial pressure.

KETAMINE is not favored in patients with tumors or other brain disorders associated with raised intracranial pressure, because it increases cerebral blood flow by more than 50%(7,8) and markedly increases intracranial pressure.

HALOTHANE is widely used in general surgery because it provides smooth anesthesia and allows rapid awakening.(9,10) It is nonexplosive and can be used with electrocautery. However, it dilates cerebral vessels and increases cerebral blood flow and intracranial pressure. It should therefore be used at a concentration below 0.75%, together with hyperventilation.(11)

5. Patient position. Position affects intracranial pressure, particularly the prone position and the supine position with excessive head rotation. Breathing is more difficult prone than supine; increased intrathoracic pressure raises cerebral venous pressure and intracranial pressure. Compression of the abdomen and thorax should be avoided, and the head should be slightly above the heart to improve venous drainage and prevent a rise in pressure. In the supine position, excessive head rotation may obstruct the neck veins. A pillow should elevate the shoulder on the operative side above the other shoulder, reducing the amount of head rotation and preventing venous obstruction. If intracranial pressure is already very high and cerebral perfusion is maintained only by elevated blood pressure, venous obstruction may raise intracranial pressure to a life-threatening level.

6. Blood pressure. Marked hypertension should be avoided after the dura has been opened. It is dangerous because blood pressure is no longer opposed by intracranial pressure; cerebral blood flow increases, and the brain swells to fill the craniotomy opening. Touching or retracting it causes extravasation of blood and fluid, increasing the swelling.(12) Conversely, lowering blood pressure relaxes the brain.

Hypertension. The main cause is painful stimulation during excessively light anesthesia, particularly during dissection around the trigeminal nerve.(13) Interference with vessels of the brainstem, such as the anterior inferior cerebellar artery, or basal branches of the anterior cerebral artery supplying the anterior hypothalamus,(13) may also raise blood pressure. At the start of surgery, injection of local anesthetic containing adrenaline to reduce bleeding may cause hypertension. Hypertension before craniotomy or after completion of the operation should suggest raised intracranial pressure.

Hypotension. Initially, thiopentone, muscle relaxants, and controlled ventilation may cause a temporary fall in blood pressure, followed by recovery. During posterior fossa surgery, such as removal of an acoustic neuroma, traction on the adjacent vagus nerve or traction on a medullary tumor may produce hypotension with a slow, irregular pulse. Stopping the stimulus restores normal values. The sitting position for posterior fossa surgery lowers blood pressure and intracranial pressure. Air embolism causes an abrupt fall in blood pressure and is a life-threatening complication, discussed in detail in the section on surgery.

The cerebral circulation has already been discussed in the chapter on intracranial pressure.
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Postoperative Care

If the patient was alert before surgery, the operation was smooth without injury to important areas of the brain, and consciousness returns well, postoperative care resembles that following other operations. With smooth care and no complications, recovery proceeds normally. Nevertheless, many technically successful operations are followed by complications caused by errors in postoperative care. Close and correct care must continue until the patient is safe. Postoperative hematoma and cerebral edema can be fatal and require prompt diagnosis and treatment.

Important aspects of postoperative care for patients with brain tumors are as follows:
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1. Immediate Postoperative Care

Emergence from anesthesia is a critical period. Before removing the endotracheal tube, adequate respiration, blood pressure, and consciousness must be assured. Premature extubation may cause carbon dioxide retention and hypoxemia, resulting in cerebral edema, raised intracranial pressure, and poor recovery of consciousness. If awakening or respiration remains poor, ventilation should be continued with frequent reassessment. If the condition does not improve, its cause must be investigated. The tube can be removed later, when the patient is alert and breathing normally.

After anesthesia has been discontinued, the endotracheal tube may provoke coughing, causing hypertension, intracranial bleeding, and raised intracranial pressure. Once the patient is adequately awake, extubation should be smooth, preventing or minimizing coughing.

An intensive care unit is essential after brain surgery, providing close care by doctors and nurses trained in neurological observation. They must recognize changes in consciousness, vital signs, weakness, and pupils. The earlier a complication is diagnosed, the better. Nurses are especially important because they remain continuously with the patient, and require extensive training to provide effective care. Untrained nurses may be unable to interpret changes and may miss the opportunity for prompt treatment.
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2. Four Standard Observations

Immediately on arrival in the intensive care unit, four important observations must be made to establish the baseline for monitoring changes. Everyone must use the same criteria so that subsequent observations can be compared:

	Vital signs: pulse, blood pressure, and respiration
	Consciousness
	Limb movement
	Pupil size and reactions


These four observations reveal intracranial complications, namely postoperative hemorrhage (postoperative clot) and cerebral edema. Both raise intracranial pressure and require urgent treatment.

Vital signs should be checked frequently, every 15–30 minutes during the first 1–2 hours. If the condition is then stable, observations should continue hourly for another 2–3 days.

Blood pressure and pulse. When a cause of raised intracranial pressure develops, the pulse progressively slows while blood pressure progressively rises: Cushing’s reflex. An accompanying deterioration in consciousness, with increasing drowsiness, further supports the diagnosis. The author consistently follows this principle in practice.

Generally, after brain tumor surgery without major blood loss, or with major blood loss adequately replaced by transfusion, hypotension does not occur even if intracerebral hemorrhage develops. The amount of postoperative intracranial bleeding is insufficient to lower blood pressure, although it can impair consciousness. If postoperative hypotension occurs, extracranial causes should therefore be considered, such as cardiac disease, diabetes insipidus with excessive urine output causing hypovolemia, and hypopituitarism. These require appropriate treatment. In some patients, inadequate hemostasis during closure of the skull and scalp results in 400–500 cc of blood collecting in the suction bottle within 10–15 minutes, potentially causing hypotension. The patient must be returned urgently to the operating room for hemostasis.

Respiration. This is extremely important in caring for patients after brain surgery. The airway must remain patent at all times to provide adequate O2. Patients who are fully conscious after surgery have no respiratory difficulty, but this may change if postoperative hemorrhage or cerebral edema raises intracranial pressure. A posterior fossa hematoma produces conspicuous respiratory changes: breathing becomes progressively slower and shallower, followed shortly by respiratory arrest. This is an important sign requiring diagnosis and intervention before respiration ceases. After supratentorial tumor surgery, respiratory changes may be less obvious. Breathing may slow somewhat, and some patients develop Cheyne–Stokes respiration. These are important signs requiring investigation of the cause.

To determine whether respiration is adequate, assess the breathing pattern, cough, and blood gases. Shallow, slow breathing or dyspnea indicates abnormal ventilation. A patient able to cough strongly has sufficient vital capacity to maintain normal oxygenation. Blood gases provide a good indication of pulmonary function. Since inspired air contains no CO2, an increased blood PaCO2 indicates hypoventilation and the need for mechanical ventilation. Normally, while breathing room air, PaCO2 is 35–45 torr and PaO2 80–100 torr. This PaCO2 range maintains blood pH within the normal range of 7.35–7.45. A reduced PaCO2 indicates hyperventilation. Generally, if the brain is not compressed after surgery, patients mildly hyperventilate. This is beneficial, avoiding CO2 retention and providing adequate O2, and does not require correction.

Maintaining a patent airway. In patients who remain drowsy or poorly conscious after brain tumor surgery, whatever the cause, the first concern and intervention must be to maintain a patent airway. This permits good lung expansion without hypoxia or hypercarbia, saves life, and prevents intracranial complications.

Methods of maintaining a patent airway are as follows:

i) Position the patient with the head extended. This draws the relaxed jaw forward and lifts the tongue that has fallen back to obstruct the pharynx, opening the airway. Preferably, the patient should lie on either side with the head extended, allowing sputum, saliva, and vomitus to drain out.

ii) Insert an oropharyngeal or nasopharyngeal airway, placing its inner end between the posterior pharynx and the base of the tongue. The oropharyngeal airway is inserted through the mouth; the nasopharyngeal tube through one nostril. Besides opening the airway, both allow suction of sputum and saliva. An oropharyngeal tube also prevents an unconscious patient from biting the endotracheal tube. Conscious patients, however, usually tolerate it poorly because it provokes vomiting and laryngospasm. A nasopharyngeal tube is well tolerated by both conscious and unconscious patients. Neither type prevents aspiration into the trachea, which may cause pneumonia, so caution is required. In a drowsy patient who vomits, an endotracheal tube is preferable because it provides good protection against aspiration.

The airway must be appropriately sized for the patient. If too long, it may push the epiglottis over the airway; if too short, it may push the tongue backward and worsen obstruction.

iii) Insert an endotracheal tube. For poorly conscious or unconscious patients, this is the best way to maintain a patent airway. It can be passed through the nose (nasoendotracheal tube) or mouth (oroendotracheal tube). These tubes have cuffs to prevent aspiration and can be connected to a ventilator. Adequate training is necessary for smooth insertion without complications. In a patient with raised intracranial pressure, an inexperienced operator may provoke struggling and resistance, raising pressure dangerously. If possible, a muscle relaxant and Pentothal facilitate insertion without resistance, but a ventilator must be immediately available for safety.

After intubation, always check that air enters both lungs equally. Insertion into one bronchus ventilates only one lung, with serious effects on the brain: hypercarbia, cerebral vasodilatation, and raised intracranial pressure. Leaving an excessively long external portion of the tube can also cause problems. The author has often encountered a tube displaced inward into one bronchus while its outer end still appeared long, obscuring recognition of the displacement. The patient breathes with only one lung and becomes breathless. Withdrawing the tube to the correct position restores normal breathing. The author therefore makes it a rule to take the following steps after intubation:

i) Auscultate both sides; air entry must always be equal in both lungs.

ii) Once the tube’s correct position has been verified, mark it at the nostril or lip and secure it so that it remains in position.

iii) Cut the tube so that approximately 2 inches remain outside. If less than this protrudes later, inward displacement will be apparent.

iv) Tracheostomy is performed when unconsciousness persists for a long time after brain tumor surgery. An endotracheal tube should not remain in place for more than 10 days because nasal necrosis may develop, or dried secretions may narrow its lumen and cause inadequate ventilation. For an unconscious patient, a tracheostomy tube with a low-pressure cuff and an inner tube should be used. The cuff can be inflated to fill the trachea, preventing aspiration and allowing connection to a ventilator without leakage. The inner tube can also be removed and inspected for obstruction. A metal tube is unsuitable for an unconscious patient because it does not prevent aspiration and cannot be connected to a ventilator. It should be used when consciousness has recovered and removal of the tracheostomy tube is planned. A metal tube must not be too long, because it may injure a major blood vessel, causing fatal hemorrhage as blood obstructs the trachea and bronchi.

Tracheostomy must be performed by an experienced operator; otherwise complications may occur, sometimes rapidly fatal. The author has encountered tension pneumothorax in a child after injury to the pleural dome, which lies close to the trachea; the patient subsequently died.

Consciousness. This is the most important observation in postoperative care because it indicates changes in the brain. Immediately after recovery from anesthesia, assess consciousness by asking questions and giving commands, then record what the patient can actually do—for example, correctly stating the day, month, year, and location, and recounting the history of illness. Terms such as conscious, drowsy, stupor, semicoma, and coma may be interpreted differently by the next person taking over care. This can lead to misinterpretation of changes: consciousness may be judged unchanged when it has in fact deteriorated. Treatment is then delayed, and the patient may eventually become unconscious.

In some cases, postoperative hemorrhage develops early. A patient approaching full recovery from anesthesia deteriorates again and must be returned to the operating room for reopening of the skull and evacuation of the blood. In others, consciousness begins to deteriorate around the third or fourth day, possibly because of cerebral edema, a slowly developing hematoma, or hyponatremia. Imaging investigations are required to identify the cause, followed by urgent treatment.

Limb movement. This is another sign requiring repeated assessment after surgery. As soon as the patient awakens from anesthesia, record any weakness and which limbs are affected. In principle, monoparesis or hemiparesis already present on leaving the operating room suggests injury to some part of the corticospinal tract during surgery. If there is no weakness on awakening, but hemiparesis develops later, consider a postoperative complication: hemorrhage, cerebral edema, or infarction. If this is the cause, changes in consciousness and signs of raised intracranial pressure will also be present. The cause must be investigated and treated immediately.

If weakness was present before surgery and persists afterward, subsequent progressive worsening should likewise suggest a postoperative complication.

After posterior fossa tumor surgery, complications may produce increasing incoordination and relatively rapid deterioration of consciousness, together with progressively slower respiration.

Pupil size and reactions. Pupillary changes occur with brain herniation, as discussed in detail under raised intracranial pressure. It is wrong to wait until one pupil has dilated (anisocoria), because treatment is then delayed and recovery is less satisfactory than when treatment precedes herniation. As already mentioned, actual pupillary dilatation is often preceded by constriction, due to stimulation of the parasympathetic constrictor fibers on the surface of the oculomotor nerve or interference with the hypothalamus. Such changes, together with deteriorating consciousness, require urgent investigation so that the cause can be corrected early. After posterior fossa surgery, anisocoria does not occur as it does after supratentorial surgery; both pupils remain equal and continue to react to light.

Original pages 535–536
3. Patient Position

Generally, the patient is positioned with the head elevated approximately 30° to improve cerebral venous return and prevent cerebral edema and raised intracranial pressure. The disadvantage is possible aspiration of vomitus, making this position less suitable for patients who remain unconscious after surgery. If an endotracheal tube is present, however, it is safe. Lying flat with the head low provides poorer venous drainage than head elevation, promoting cerebral edema and raised intracranial pressure, which may facilitate bleeding at the operative site. Its advantage is a lower likelihood of aspiration.

Removal of a large tumor on one side leaves a large cavity. Placing the operative side downward may shift the brain toward this space, tearing cortical bridging veins and causing an acute postoperative subdural hematoma. The patient should therefore lie on the side with the operative hemisphere uppermost for several hours, allowing the brain in the operative area to swell and narrow the cavity, while CSF also accumulates to support the brain. Turning to other positions then becomes less dangerous. Similarly, turning a patient after removal of a large posterior fossa tumor may cause complications; the author has encountered respiratory arrest and hypotension.

Elderly and unconscious patients must be turned every 2 hours to prevent pneumonia.
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4. Fluids and Electrolytes

The brain is very sensitive to water retention and edema. In the early period after brain tumor surgery, cerebral edema remains a concern and excessive fluid should be avoided. Generally, during the first 3–4 days, mild dehydration should be maintained by giving approximately two-thirds of the daily requirement, about 1500 cc per day for an adult. Fluid is given as 5% dextrose in half-normal saline (0.5 NSS), with K+ added as required. It is generally accepted that 5% dextrose in water should not be given when postoperative cerebral edema is anticipated, because it may worsen swelling. If the patient is fully conscious after surgery, does not vomit, and does not aspirate because of ninth- or tenth-cranial-nerve dysfunction, oral feeding can begin on the second postoperative day. Intravenous fluids are unnecessary if intravenous medication is not needed. Patients who are not fully conscious should not yet be fed orally, because vomiting and aspiration may occur. Intravenous fluids should continue as required, and tube feeding should begin once vomiting has ceased.

During the first 1–2 postoperative days, urine output may be reduced as a normal response to surgery. Increasing fluid intake to restore urine output to normal is unnecessary and may aggravate cerebral edema.

Hyponatremia. A low blood Na+ concentration may result from excessive water retention due to the syndrome of inappropriate ADH secretion (SIADH). This is frequently encountered after brain surgery or with brain disease, particularly tumors near the third ventricle and hypothalamus. The syndrome may also occur after traumatic intracranial hemorrhage, with oat cell carcinoma of the lung, or with pulmonary tuberculosis. Diagnosis rests on the history and blood Na+ measurement. Its features are: (i) weight gain; (ii) progressive drowsiness around the end of the first postoperative week, after intracranial hematoma has been excluded; (iii) possible seizures; (iv) low serum Na+; (v) low serum osmolarity; (vi) increased urinary Na+; (vii) increased urine osmolarity; and (viii) absence of renal or adrenal disease. The principal treatment is restriction of fluid intake to no more than 500–1000 cc daily. In mild cases, Na+ returns to normal within 1–2 days, with restoration of consciousness. In severe cases, with Na+ below 120 mEq/L, hypertonic saline, such as 3% or 5% solution, 200–300 cc daily, may be required in addition to fluid restriction. The author has found that this improves consciousness and raises Na+ more rapidly than fluid restriction alone. Nevertheless, hyponatremia may recur intermittently after correction. The patient must therefore be monitored and blood Na+ measured periodically until normality is maintained.

Diabetes insipidus (DI). This occurs after surgery for tumors in the pituitary and hypothalamic regions. Most postoperative cases last approximately 2–3 weeks before gradually improving. Characteristic diagnostic features are polyuria, polydipsia (excessive thirst and drinking), very low urine specific gravity, and signs of dehydration.

Treatment depends on severity. With mild polyuria and polydipsia, the patient may drink enough water to replace losses as required, and the condition usually improves. If urine output is excessive and the patient becomes markedly dehydrated, drowsy, and unable to retain water, intravenous replacement and Pitressin injections are required. There are two preparations. Aqueous Pitressin is given intramuscularly at 0.1 unit/kg, or approximately 5 units for an adult. Its action lasts approximately 4–6 hours, so it may need repeating every 4–6 hours to keep urine output below 200 cc per hour. The other preparation, Pitressin tannate in oil, is given to adults as 5 units intramuscularly and acts for 16–24 hours. One daily injection can therefore reduce urine output as required. Preparation before injection is extremely important because the drug settles as particles at the bottom of the ampoule. The ampoule must be warmed for approximately 10 minutes and then shaken vigorously for another 10–15 minutes before the contents are drawn into a syringe and immediately injected intramuscularly. This ensures delivery of the intended dose. Otherwise only oil may be drawn up and injected, providing inadequate Pitressin. A Foley catheter must be inserted, and fluid intake and output carefully measured and recorded to prevent dehydration. Electrolytes must also be checked regularly and abnormalities corrected.

If diabetes insipidus persists, intranasal treatment is more convenient: DDAVP (1-desamino-9-D-arginine vasopressin [chemical name as printed in the original]), 0.05 cc intranasally once or twice daily as required.(14)
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5. Fever

Elevated body temperature harms the brain by increasing metabolism and the cerebral blood flow needed to supply sufficient O2, thereby raising intracranial pressure. Postoperative care must therefore maintain temperature within the normal range at all times, using antipyretics, cold-water sponging, or a hypothermia blanket.

Fever usually occurs on the first postoperative day and lasts approximately one day as a bodily response to surgical injury. It resolves spontaneously without medication. If high fever recurs on subsequent days, consider postoperative hematoma and infection. A postoperative hematoma always causes accompanying signs of raised intracranial pressure. Investigate with CT, MRI, or angiography; if a hematoma is found, evacuate it surgically, after which the fever subsides. Infection generally causes fever around postoperative days 4–5. Uncovering the wound reveals inflammation, swelling, and redness, with an increased white blood cell count and polymorphonuclear cells.

Blood in the CSF may also cause fever, particularly after posterior fossa tumor surgery. Fever may persist for several days, sometimes accompanied by meningism and Kernig’s sign. Meningism can be difficult to identify because neck stiffness may also result from the operative wound. In such cases, lumbar puncture may be necessary in addition to antipyretics. If the CSF is heavily bloodstained, approximately 20–30 cc or more should be removed. Repeated punctures over several days help clear the blood from the CSF and reduce the raised intracranial pressure caused by hydrocephalus resulting from blood in the CSF.

Another important cause of high fever is surgery near the third ventricle and hypothalamus, disrupting the temperature-regulating mechanism. Characteristically, the temperature rises abruptly and remains high without returning to normal, sometimes reaching 40°C. Treatment is often ineffective even when several measures are combined: oral and rectal antipyretics, a hypothermia blanket, and sponging with ice water or alcohol. Temperature may remain uncontrollably high and the patient may die.
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6. Steroids

Postoperative steroids serve two purposes: (i) hormone replacement in patients with tumors of the pituitary and hypothalamic regions; and (ii) reduction of edema in the operated portion of the brain.

Patients undergoing tumor surgery in the pituitary and hypothalamic regions must always receive adequate steroid replacement before and after surgery. They frequently lack ACTH and cannot tolerate the operation and postoperative stress. Steroid deficiency causes a shock-like state and deterioration of consciousness.(15) Patients develop hypotension, tachycardia, fever, abdominal pain, nausea, vomiting, and oliguria. Blood tests show low or absent plasma cortisol, as well as hyponatremia and hypoglycemia—important laboratory findings.(15)

Steroids should begin one day before surgery for sellar and parasellar tumors. Options are dexamethasone 5 mg I.V. every 6 hours, hydrocortisone 100–200 mg by intravenous drip over 24 hours, or cortisone acetate 100 mg I.M. daily.(16)

Treatment must continue postoperatively, with gradual reduction of the dose. If there was no preoperative hormone deficiency and surgery did not damage the pituitary or hypothalamus, tapering may be rapid, with discontinuation within 3–4 days. If hormone deficiency existed preoperatively, the initial postoperative dose should gradually be reduced to an adequate maintenance dose within 7 days. Once the patient can eat, oral prednisolone or dexamethasone may be given according to the patient’s requirements.

The edema-reducing benefit of steroids is particularly apparent in metastatic brain tumors or malignant gliomas with marked vasogenic edema. Steroids reduce swelling and improve the patient’s condition. Dexamethasone 5 mg I.V. every 6 hours is generally given before surgery for these tumors and continued afterward. If the tumor has been satisfactorily removed, postoperative dexamethasone should continue for 5 days, followed by tapering and discontinuation over 2–3 days. Prolonged dexamethasone treatment causes complications such as gastric bleeding, hyperglycemia, and hypertension.
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7. Anticonvulsants

Patients with brain tumors who have previously had seizures, or whose tumors occupy seizure-prone areas such as the motor area, require anticonvulsants before and after surgery. Each seizure increases cerebral metabolism, oxygen requirements, cerebral blood flow, and venous engorgement, raising intracranial pressure. For this reason some neurosurgeons give anticonvulsants to every patient undergoing supratentorial tumor surgery. The author, however, selects only patients with previous seizures or tumors in seizure-prone regions such as the motor area, because postoperative seizures have been very uncommon in the author’s patients without a previous history.

Postoperative seizures require urgent and effective control. Diazepam 10 mg in adults, given slowly intravenously over 1 minute, can stop a seizure immediately. Intravenous diazepam may impair respiration; a ventilator should always be ready. Inadequate respiration is particularly important after tumor removal because it can raise intracranial pressure and cause hemorrhage. Once diazepam has stopped the seizure, longer-acting anticonvulsants—Dilantin and phenobarbital—must follow. Dilantin may be started with 400 mg, or 5–7 mg/kg, intravenously at a very slow rate, no more than 50 mg per minute; thus 400 mg should take 8–10 minutes. Cardiac activity must be monitored because arrhythmias may occur. Thereafter, Dilantin 100 mg and phenobarbital 30 mg are given orally or through a nasogastric tube three or four times daily.

Whenever seizures occur, remember that the operative site may have developed a complication, such as postoperative hemorrhage, cerebral edema, or infarction; metabolic disorders are another possible cause. These require investigation with CT and treatment directed at the cause.
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8. Headache

Headache after brain tumor surgery has two possible causes: (i) pain from the operative wound, and (ii) a change in intracranial pressure. Wound pain is localized to the incision and responds to analgesics such as paracetamol or aspirin. Headache from raised intracranial pressure—for example, due to hemorrhage, cerebral edema, or hydrocephalus—is generalized and does not respond to analgesics alone. Its cause must be removed or intracranial pressure restored to normal before the headache resolves. A hematoma requires evacuation, for example, while elevated CSF pressure requires drainage of CSF from the brain.

Morphine and other analgesics with narcotic or sedative effects should not be used because they cause drowsiness and mask deterioration due to raised intracranial pressure. Morphine also depresses the respiratory center and should not be used when intracranial pressure is already elevated.
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9. Urinary and Bowel Care

Brain tumor operations generally take a long time, and some patients need diuretics to lower intracranial pressure. A Foley catheter must therefore be inserted before surgery and left in place during the postoperative period. If consciousness is normal, remove it as soon as possible and allow spontaneous urination, reducing bladder infection. If recovery is poor, or surgery involved the pituitary region where diabetes insipidus often develops, retain the catheter to measure hourly urine output. After removal of a frontal lobe tumor, patients may have poor urinary control despite being conscious, wetting the bed without awareness. Their voiding mechanism remains normal. A condom catheter connected to a collecting bottle prevents bedwetting and can be removed once frontal lobe function improves.

Bowel care is not difficult, but is often overlooked. Patients may go 4–5 days without defecating, particularly those who are poorly conscious after surgery, and may strain or develop hypertension. A laxative or enema should therefore be given within the first 2 postoperative days and repeated as appropriate. If hard impacted stool is found and cannot be expelled with an enema, manual evacuation is required. The author has seen fecal impaction cause multiple rectal ulcers, bleeding, rectal perforation, generalized peritonitis, and death. The attending physician must give this matter attention.
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10. Eye Protection

Eyelid swelling may follow frontal lobe surgery. The lids often swell shut, usually more severely on the operative side. A bifrontal bone flap may cause bilateral swelling, sometimes preventing inspection of the pupils. Swelling begins on the second postoperative day, lasts approximately 4–5 days, and gradually subsides. The physician should explain to the patient and family that this is usual after surgery in this region. Head elevation accelerates its resolution.

Corneal drying and abrasion are important problems in unconscious patients. If both eyes remain open, the corneas dry and become abraded; the patient may be unable to see after otherwise recovering from brain tumor surgery. The physician must attend to this, using narrow strips of adhesive tape at the lateral and medial portions of the upper lid and drawing the lid downward to close the eye. Ensure that the tape does not touch the cornea, and inspect regularly. Apply ophthalmic ointment three times daily to coat the cornea. A fan should not blow directly into the eyes because it introduces dust and accelerates drying. Most importantly, do not use an eye pad: its underside may directly contact the cornea and cause an ulcer.

Keratitis may follow acoustic neuroma surgery when loss of the corneal reflex and facial nerve palsy leave the cornea insensitive and the eye widely open. Keratitis and corneal ulceration develop readily. Initially the eye becomes red, followed by a whitish opacity at the ulcer, and eventually loss of vision. Prevention must therefore begin immediately after surgery. An effective measure is temporary tarsorrhaphy, suturing together the lateral third of the upper and lower eyelids. If corneal sensation remains and facial nerve function is expected to recover soon, an eye shield to exclude wind and dust may suffice, with artificial tears every 2–3 hours.
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11. Operative Wound Care

Brain tumor surgery produces a clean wound after proper preoperative skin preparation. Nevertheless, infection may occur in 1%(17,18) despite prophylactic antibiotics. Contributing factors include an operation lasting more than 3 hours, entry into a paranasal sinus or mastoid air cells, diabetes, anemia, wasting or malnutrition from vomiting, CSF leakage, and a drain left in place too long. A blood-soaked dressing must be replaced promptly because blood supports bacterial growth.

At present, a vacuum drain is routinely used after craniotomy. It must be removed after 24–48 hours; leaving it longer increases infection risk. The author usually inspects the wound when removing the drain. After removal, compress the scalp opening until it closes completely. If it remains open, suture it to prevent bacterial entry. If the sutured edge is dusky, remove the offending stitch to improve circulation and healing. Redress the wound properly. Sutures are removed on days 6–7, although an inflamed stitch should be removed earlier and antibiotics given.

Sutures in posterior fossa wounds must be removed later than those in supratentorial wounds, around postoperative days 8–9, because this region moves. If the dura was left open for decompression, or was not closed watertight, CSF may leak through the wound. This must be corrected urgently by lumbar puncture or another method of CSF drainage to lower CSF pressure, stop leakage, and permit sound wound healing.
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12. Skin Care

In patients who remain unconscious after surgery, caregivers must prevent pressure sores caused by prolonged immobility in one position. These usually develop over bony prominences such as the femoral greater trochanter, shoulders, heels, and head. Turn the patient every 2 hours and support these areas with soft, jelly-like pads to reduce pressure. If the patient is soiled with stool or urine, clean and dry the skin promptly to reduce rashes.
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Complications of Brain Tumor Surgery

Complications are a major reason why surgery and its outcome may fall short of expectations, and may be severe enough to cause death. Surgeons must understand them thoroughly in order to plan prevention, diagnose them rapidly, and correct them appropriately. They arise from two sources. The first is the disease itself—for example, intratumoral hemorrhage, cerebral edema, or obstruction of CSF pathways. The second is the physician’s actions, of which several examples follow. These complications are less frequent in experienced hands. Nevertheless, they still occur despite newer and more effective equipment, including the microscope, microinstruments, laser, ultrasonic aspirator, and bipolar coagulator.

Complications may occur during two periods:

	The intraoperative period
	The postoperative period
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Intraoperative Complications

These are extremely important. Complications such as brain swelling or air embolism may prevent any further surgery and force abandonment of the operation if they cannot be corrected in time.

Possible intraoperative complications are as follows:
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1. A Craniotomy That Does Not Correspond to the Tumor’s Position

This makes access difficult and requires greater brain retraction, potentially tearing brain tissue and vessels. Before making the incision, the surgeon should carefully study the tumor’s location on imaging and correlate it as accurately as possible with the surface anatomy of the patient’s head. Before CT and MRI, correct placement based on angiography, brain scanning, or ventriculography was sometimes difficult, particularly for tumors in the posterior cerebral hemisphere. CT now accurately shows tumor location and size, permitting more precise placement of the craniotomy and sometimes a smaller opening, with fewer complications. Nevertheless, errors remain possible if variations in the angle of the orbitomeatal line used for CT slices are overlooked; this angle may differ between patients.
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2. Complications of the Incision

When making the scalp incision, the following must be considered:

i) The blood supply to the scalp flap.

ii) The nerves supplying the muscles and skin.

iii) Cosmetic appearance.

The surgeon must therefore know the vascular and neural anatomy of the scalp; otherwise the following complications may occur.
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2.1 Scalp Ischemia

This is an important cause of poor wound healing and dehiscence. The scalp may become dusky or gangrenous. Causes include: (i) a scalp flap with an excessively narrow base or pedicle; (ii) an incision across a major scalp artery; (iii) spring scalp clips applied to the wound edges for hemostasis, particularly when the scalp is thin or already poorly supplied; and (iv) prolonged sharp folding of the reflected flap, impairing flow through its base. A rolled cloth should therefore be placed beneath the flap’s base before reflection to prevent kinking and maintain its blood supply.
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2.2 Frontalis Muscle Paralysis

In a frontotemporal craniotomy, a temporal incision extending down to the zygomatic margin and more than 2 cm anterior to the tragus often divides the frontal branch of the facial nerve.(19) The ipsilateral frontalis muscle then loses function, preventing eyebrow elevation. This may cause psychological distress, especially in women.
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3. Hemorrhage

Hemorrhage may occur at any stage, from opening the skull to dissecting out the tumor.
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3.1 Hemorrhage from the Middle Meningeal Artery

With a meningioma on the cerebral convexity, especially in the frontotemporal or parasagittal region, bleeding during opening of the skull may be profuse. In some patients, this alone causes enough blood loss to produce hypotension. The tumor is supplied by a markedly enlarged middle meningeal artery. This vessel should therefore always be ligated with a suture before opening the skull to reduce blood loss.
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3.2 Hemorrhage from the Superior Sagittal Sinus and Arachnoid Granulations

For a parasagittal tumor, the craniotomy must approach the midline, where the superior sagittal sinus lies, and may extend across it. Profuse bleeding may arise from the sinus and arachnoid granulations. Although venous, it can be difficult to control without familiarity with hemostatic techniques in this region and may cause hypotension. Preventing sinus tears is therefore important. Place burr holes a little away from the superior sagittal sinus; never drill directly over it. If a tear occurs, cover it with muscle or Gelfoam, suture the dura across the muscle patch, and apply pressure briefly to stop bleeding. Bleeding from an arachnoid granulation can be controlled by covering it with Gelfoam and pressing with cotton briefly.
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3.3 Bleeding from the Tumor

Dissection of highly vascular tumors, such as angioblastic meningioma, glioblastoma multiforme, metastatic tumors, and hemangioblastoma, may cause blood loss severe enough to produce shock and require massive transfusion, with its harmful consequences. The author has encountered this several times. In one patient, a temporal lobe meningioma the size of a small orange received a substantial supply from the middle meningeal and internal carotid arteries. Attempted removal required 15 bottles of blood. After approximately 10 bottles, clotting became delayed, and the blood subsequently appeared very dilute. Hemostasis was unsuccessful because massive transfusion caused dilutional coagulopathy, thrombocytopenia, and hypocalcemia.(20) Bleeding stopped only after the decision to clip the internal carotid artery. The patient survived without hemiplegia.

Large glioblastomas and metastatic brain tumors similarly present difficult hemostasis because their numerous abnormal, fragile vessels often bleed profusely.

In brain tumor surgery, complete hemostasis is achieved only after the entire tumor has been removed. Residual tumor may bleed again at any time. The physician must remain alert for a postoperative hematoma causing deterioration.
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4. Acute Brain Swelling

During an otherwise smooth operation, the brain may suddenly bulge beyond the craniotomy margin, with patches of subarachnoid hemorrhage on its exposed surface. The brain may even split. The abrupt rise in intracranial pressure prevents access to the tumor and makes further surgery impossible. Its cause must be removed promptly; otherwise brainstem dysfunction and death follow. Causes of acute intraoperative brain swelling include:
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4.1 Airway Obstruction

Secretions may obstruct the endotracheal tube, the tube may kink, or a connector may become detached. Oxygen deprivation and carbon dioxide retention cause cerebral vasodilatation and venous engorgement, abruptly raising intracranial pressure. If the anesthesiologist corrects the problem promptly and hyperventilates briefly, the brain subsides well. This is the most frequent complication and is usually easy to correct.
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4.2 Intracranial Hemorrhage

4.2.1 Intraventricular and subarachnoid hemorrhage. During dissection of a tumor near or within a ventricle, blood may enter the ventricular system and obstruct CSF pathways, causing the brain to bulge. Prevent this by securely covering any opening in the ventricular wall with cotton so that blood cannot enter. Blood may also spread through the subarachnoid space, another cause of CSF obstruction.

4.2.2 Intracerebral hematoma. When dissection moves from one part of the tumor to another, bleeding may develop in adjacent brain at a previously dissected site because initial hemostasis was incomplete. The resulting hematoma pushes the brain outward. Excessive retraction can also cause intracerebral bleeding.

4.2.3 Subdural hematoma. This important complication may occur when a tumor causes hydrocephalus with enlarged lateral ventricles, as with posterior fossa or supratentorial intraventricular tumors. Before tumor removal, ventriculostomy is needed to drain CSF and lower intracranial pressure, facilitating dural opening and access. Ventricular collapse after drainage may tear cortical bridging veins, producing a unilateral or bilateral acute subdural hematoma. This is common in children, whose tumors often arise in the posterior fossa and enlarge the head, further predisposing bridging veins to tearing. The sitting position aggravates the risk because the brain sags downward, as illustrated by the following cases.

First case. A 5-year-old child had a medulloblastoma obstructing the fourth ventricle, markedly enlarged third and lateral ventricles, and an enlarged head. Surgery was performed sitting. A ventriculostomy was placed before opening the posterior fossa, ready for CSF drainage. When the dura was exposed, it was tense and bulging. The ventriculostomy was opened to drain CSF into a bottle until the tension subsided, then the dura was opened and tumor dissection begun. The cerebellum bulged during dissection, but inspection found no posterior fossa hemorrhage, and the CSF in the ventriculostomy tube was not bloodstained. The pulse accelerated and blood pressure fell. The wound was rapidly closed and the patient laid down. Pallor suggested an acute subdural hematoma. An exploratory burr hole disclosed one on the right; craniotomy revealed a very large clot. In such a young child, this amount of bleeding can cause pallor and hypotension. The hematoma could become so large because the lateral ventricle and cortex collapsed markedly. The patient recovered well after surgery.

Second case. A 7-year-old child had a fourth-ventricular choroid plexus papilloma and hydrocephalus with very large lateral ventricles. Posterior fossa surgery and ventriculostomy were performed sitting. The tumor was removed satisfactorily, the wound closed, and the patient regained consciousness. Approximately half an hour later, drowsiness returned with signs of raised intracranial pressure. Investigation revealed an acute subdural hematoma over the left cerebral hemisphere. The patient returned to the operating room for craniotomy and evacuation, after which the symptoms resolved and consciousness returned. The author believes no subdural hematoma was present during the posterior fossa operation, since there had been no signs of raised pressure, surgery was successful, and the patient awakened. The hematoma probably arose during repositioning, when brain displacement tore a bridging vein, causing renewed unconsciousness after initial recovery.

Third case. A 17-year-old patient with a fourth-ventricular tumor underwent posterior fossa surgery and ventriculostomy in the sitting position. The tumor was removed satisfactorily. After wound closure, before the patient was laid flat, several bouts of coughing occurred. Once the patient was laid down and the anesthesiologist prepared for extubation, the right pupil was found larger than the left and unreactive to light. A burr hole and craniotomy were required to evacuate a subdural clot. The patient recovered well.

Fourth case. A 2-year-old child with a lateral-ventricular choroid plexus papilloma had an enlarged head and ventricular system. Craniotomy was performed supine. After the ventricle was opened and the tumor completely removed, the ventricle and cortex collapsed. Profuse subdural bleeding occurred at multiple sites, not all of which could be visualized. The patient ultimately developed shock and died.

These cases teach the following lessons: (1) When ventriculostomy is used to lower pressure in patients with large ventricles, CSF should not drain continuously; open the drain intermittently as needed. (2) Patients with markedly enlarged lateral ventricles should be operated on lying down rather than sitting, reducing the risk of acute subdural hematoma. (3) Coughing while sitting, with the ventricles still collapsed, jolts the brain and may tear bridging veins. (4) Repositioning or transferring a patient immediately after surgery must always be gentle and careful, avoiding blows to the head. (5) In children, subdural hemorrhage may cause pallor, tachycardia, and hypotension, which are useful diagnostic signs.
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4.3 Venous Obstruction

Impaired venous return to the heart causes cerebral venous congestion and marked swelling, which may be fatal. During surgery, this may result from the following:

4.3.1 Tearing of a cerebral vein. A large cortical vein may be torn during tumor dissection, such as a superior cortical vein draining into the superior sagittal sinus, the Sylvian vein, or the vein of Labbé. The brain drained by that vein then swells, making further dissection impossible. Sometimes the swollen brain must be removed unnecessarily, with additional loss of function. Cortical veins must therefore be carefully preserved; tearing them may prove fatal.

For example, a 50-year-old man had a parasagittal meningioma at the postcentral gyrus. The tumor lay adjacent to the cortex and displaced a superior cortical vein anteriorly. During dissection the vein was torn and coagulated. The adjacent brain rapidly swelled and protruded through the craniotomy, with patchy subarachnoid hemorrhage. Surgery could not proceed, and some brain tissue had to be removed. Further removal was difficult because the brain continued to swell and venous bleeding constantly obscured the field. The patient developed postoperative hemiplegia and died on the second day from brain swelling leading to brain stem dysfunction.

This example illustrates the harm caused by injury to a major cortical vein. The surgeon must learn to prevent such injury during dissection and to use the techniques of venous hemostasis described later.

4.3.2 Compression of a vein by a retractor. Strong, prolonged brain retraction impairs circulation. Retractors should not be placed over large cortical veins and should be released periodically. Retraction that presses a vein against the craniotomy margin likewise obstructs venous return and causes brain swelling.
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4.4 Other Causes

Excessive fluid administration, administration of hypo-osmolar fluids, or irrigation of the exposed brain with a hypo-osmolar solution may cause brain swelling.
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5. AIR EMBOLISM

Air embolism is an important complication of surgery in the sitting position. Air enters the right atrium because venous pressure at the operative site is lower than that within the right atrium. When a vein is opened, air is sucked into the right atrium. Diagnostic manifestations include: 1) hyperventilation preceding air hunger, cyanosis, or apnea; 2) a fall in blood pressure without another explanation; 3) tachycardia and dysrhythmia; 4) increased central venous pressure; 5) EKG changes with atrial and ventricular extrasystoles; 6) a mill-wheel murmur, audible with an esophageal stethoscope or ultrasonic Doppler; 7) a fall in expired CO2; 8) occasionally, visible air bubbles in cerebral vessels; and 9) cardiac arrest when a large volume of air in the heart produces severe effects.

Several devices are available for detecting air embolism, including ultrasonic Doppler and the capnographic technique for measuring expired CO2.(21) Two newer devices are the transesophageal Doppler probe(22) and the transesophageal echocardiographic unit.(23) Both are sensitive and can detect abnormalities on both sides of the heart. They are not yet in use in the Neurosurgical Unit at Siriraj Hospital.

Ultrasonic Doppler is a very sensitive means of detecting air embolism. Both the anesthetist and the surgeon can hear and recognize the embolism simultaneously, allowing the surgeon to act immediately to prevent further air entry. Sometimes, however, the opening in the vein is difficult to locate quickly.
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Treatment of Air Embolism

Prevention is most important. If the sitting position is unnecessary, operating with the patient lying down reduces the risk. When the sitting position is used, a catheter should be introduced by venous cutdown at the antecubital fossa, with its tip in the right atrium. Bunegin and colleagues(24) described the appropriate position for maximum air aspiration using a catheter with multiple holes near its tip. A chest X-ray must always confirm that the tip lies in the right atrium; sometimes it remains in the superior vena cava or turns upward into the common jugular vein. If surgery in the sitting position proceeds without verification of the catheter tip, air embolism cannot be adequately managed.

The principles of treatment are as follows:

1) The surgeon must immediately close any visible opening in a vein, using a clamp, ligature, or suture as appropriate. If the opening cannot be seen, cover the operative wound with wet gauze and keep the field flooded with fluid to prevent air entry. To locate the opening, temporarily apply positive end-expiratory pressure or compress both common jugular veins. The resulting rise in central venous pressure causes bleeding from the opening and makes it visible.

2) Aspirate air from the right atrium through the catheter. Blood withdrawn into the syringe should be reinjected through another venous line to prevent blood loss.

3) Stop N2O and administer 100% O2 with positive-pressure ventilation.

4) If the venous opening cannot be closed and air embolism increases, close the wound rapidly, turn the patient into the left lateral position, and continue aspiration until no air remains.

5) If blood pressure falls, administer a vasopressor, such as ephedrine 10–30 mg intravenously.

Once the condition has returned to normal, surgery may be continued with the patient lying down if tumor removal must be completed that day. If the patient’s condition is unfavorable, the operation should be postponed.
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Postoperative Complications of Brain Tumor Surgery

Complications can occur after any operation, and most cause increased intracranial pressure. Early, accurate diagnosis and timely, appropriate treatment preserve life and function. Delay may result in poor recovery or death. Close, continuous observation is particularly important during the first 48 hours. When a complication is suspected, urgent investigation should begin before all its manifestations have appeared; this can make a substantial difference to the outcome.

The surgeon must take meticulous preventive measures, perform the operation properly, secure complete hemostasis, and avoid factors that cause brain swelling. Complications are closely related to the surgeon’s experience and skill; experienced surgeons encounter fewer complications.

Possible complications include:

1) Complications causing increased intracranial pressure

1.1 Hemorrhage

1.1.1 Bleeding from residual tumor

1.1.2 Bleeding outside the dura (epidural hematoma)

1.1.3 Bleeding beneath the dura (subdural hematoma)

1.1.4 Bleeding within the brain (intracerebral and intracerebellar hematoma)

1.2 Brain edema

1.3 Necrotic brain tissue

1.4 Hydrocephalus

1.5 Air within the ventricle

2) Cerebrospinal fluid leakage

3) Infections

4) Fluid and electrolyte imbalance

4.1 Hyponatremia

4.2 Hypernatremia

5) Hormonal Disturbance

5.1 SIADH

5.2 DI

6) Seizures

7) Hyperthermia
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1) Hemorrhage

Hemorrhage is a major cause of raised intracranial pressure and many rapid postoperative deaths. Intraoperative blood loss is usually not fatal because adequate transfusion can be given. After surgery, however, a hematoma of only 40–50 cc may cause unconsciousness, death, or loss of functions that the surgeon took great care to preserve during the operation. It is regrettable when successful tumor removal is followed by destruction of function from this complication.

Postoperative hemorrhage may occur at the following sites:
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1.1 Bleeding from Residual Tumor

Every surgeon fears and is troubled by incomplete tumor removal, because the residual surface may bleed after surgery from its numerous abnormal, fragile vessels. After the bulk of the tumor has been removed, a fall in blood pressure may allow arterial bleeding from the tumor to stop with pressure or coagulation. When blood pressure rises after wound closure, bleeding may recur. Before closure, the anesthetist should be asked to raise the blood pressure so that bleeding points can be identified and hemostasis secured as an additional precaution. Complete removal is the best prevention of recurrent bleeding. Surgeons often find that, however profuse the hemorrhage during the operation, it stops once the entire tumor has been removed.
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1.2 SUBDURAL HEMATOMA

This most commonly results from tearing of bridging veins. After removal of a large tumor, collapse of the brain stretches these veins. Coughing, jolting of the head during transfer onto or off the bed, or positioning the patient with the operative side downward may tear them and cause an acute subdural hematoma, as discussed earlier.

After removal of a falx meningioma, the attachment contains many dural vessels that supplied the tumor. If hemostasis is inadequate, these may bleed into the subdural space later.
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1.3 EPIDURAL HEMATOMA

An epidural hematoma may arise from three sources [Translator’s note: the original enumerates four sources below and subsequently refers to all four]: i) the middle meningeal artery and its branches; ii) venous tributaries in the dura and arachnoid granulations; iii) the diploic space at the skull margins and in the bone flap; and iv) the temporalis muscle. Prevention requires secure hemostasis at all four sites. Bleeding from the middle meningeal artery may be controlled by suture ligation. When cutting the dural flap, begin below and pass across the frontal, temporal, and parietal regions, leaving its base at the superior sagittal sinus; this divides the arterial supply to the dura. Small bleeding points on the dura should be controlled with bipolar coagulation. The dura near the craniotomy margin should then be tacked to the galea and muscle to prevent an epidural hematoma beneath the adjacent skull. Bleeding from the diploic space at the skull margins can be stopped by plugging the openings with bone wax. Bleeding openings in the bone flap may likewise be plugged with bone wax. Alternatively, separate the temporalis muscle from the outer table of the bone flap, leaving only its terminal attachment to the bone; this divides the vessels supplying the flap from the muscle. Bleeding from the temporalis must also be stopped. If all these measures are completed properly, an epidural hematoma should not occur.
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1.4 INTRACEREBRAL AND INTRACEREBELLAR HEMATOMA

These arise from two causes: i) forceful retraction and operative manipulation contuse and swell the brain, making small vessels liable to rupture both during and after surgery; and ii) venous obstruction, which may occur when retraction compresses a cortical vein against the craniotomy margin or when a vein is torn during surgery. Venous return from that vein’s tributaries is impaired, producing swelling and necrotic brain tissue that bleeds readily.

An intracerebral or intracerebellar hematoma may be solitary or multiple. The clots are usually not large, but associated brain swelling causes rapid deterioration.
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Symptoms and Signs of Postoperative Hemorrhage

Whatever its location, hemorrhage causes increased intracranial pressure. Changes are generally evident in the first 24–48 hours, although in some patients they occur within 1–2 hours after surgery. The timing depends on the rate of bleeding and the size and location of the hematoma. As the hematoma develops, headache progressively increases and vomiting occurs. Consciousness gradually deteriorates, the pulse progressively slows, and blood pressure rises. Respiration may become shallow or show a Cheyne–Stokes pattern. With a posterior fossa hematoma, respiration slows and apnea develops rapidly. Some patients with supratentorial hemorrhage develop weakness of one side, usually contralateral to the side from which the tumor was removed. An intracerebral hematoma may also cause seizures. Without timely investigation and treatment, the patient becomes unconscious, the pupil on the side of the hematoma dilates and loses its light reaction, decerebration occurs, and death follows from brain stem dysfunction.
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Treatment

As soon as the patient recovers from anesthesia, consciousness, vital signs, limb movements, and pupillary size and reactions must always be assessed, followed by close observation. If consciousness begins to change and Cushing’s reflex appears, urgent angiography or C.T. is required to determine the cause. A hematoma may require reopening the craniotomy for evacuation. Whether to reoperate must, however, be considered individually, according to the speed of deterioration, the size and location of the clot, and other factors contributing to impaired consciousness. In the author’s opinion, progressive deterioration in consciousness with a mass effect on C.T. requires reopening, evacuation of the hematoma, and secure hemostasis; medical treatment alone is insufficient.

Evacuation of blood from the epidural and subdural spaces generally presents little difficulty, and hemostasis is readily achieved. With an intracerebral or intracerebellar hematoma, however, reaching the clot reveals swollen, soft, friable, necrotic brain tissue resulting from the first operation and the postoperative clot. Hemostasis is difficult in this tissue even when the bleeding is capillary. Sometimes portions of this friable brain must be aspirated back to healthy tissue before bleeding can be stopped. This is another cause of additional loss of brain function. When bleeding arises from residual tumor, some patients require an attempt at complete tumor removal to prevent a second hemorrhage.
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2) Brain swelling

This is another complication responsible for many deaths after tumor removal, and the surgeon must try to prevent it during surgery. The principal causes of intraoperative and postoperative brain swelling are: i) trauma to the brain during tumor dissection. Retraction by an assistant is often unstable, with frequent changes in position and traction force, occasionally tearing the brain. A self-retaining retractor is preferable and causes less injury. In principle, the less the brain is injured, the less it swells. During tumor dissection, therefore, the surgeon should handle the brain as gently and as little as possible. ii) Venous obstruction caused by retraction or control of venous bleeding is an important cause of swelling. iii) Hyponatremia and water intoxication.

In postoperative brain swelling, symptoms of raised intracranial pressure appear about 48–72 hours after surgery. Consciousness gradually deteriorates, with increasing drowsiness and Cushing’s reflex. These changes develop less rapidly than with hemorrhage, although the two may sometimes be difficult to distinguish clinically. CT or MRI is needed for a definite distinction. Hemiparesis or seizures may also occur.

For treatment, see Chapter 4.
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3) NECROTIC BRAIN TISSUE

This is another cause of raised intracranial pressure. It occurs where the cortex has been incised for tumor dissection, damaging brain tissue and occluding arteries and veins. The brain tissue at this site and farther away in the territory supplied by those vessels becomes infarcted and swollen. If extensive, this raises intracranial pressure. Occasionally the affected tissue must be removed before the condition resolves.
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4) HYDROCEPHALUS

This occurs postoperatively for two reasons. i) During surgery for tumors within or near the third and lateral ventricles, small clots or tissue fragments may enter and obstruct the narrow aqueduct of Sylvius, blocking CSF flow and raising intracranial pressure. Prevent this during surgery by packing the ventricular space beyond the tumor with moist cotton. ii) During posterior fossa surgery, blood commonly enters the subarachnoid space, obstructing CSF circulation and impairing absorption at the arachnoid granulations, thus producing communicating hydrocephalus. This is an important cause of tense bulging at the craniectomy wound and CSF leakage through it, followed by postoperative meningitis or ventriculitis.

CT readily demonstrates hydrocephalus. Treatment requires CSF drainage by lumbar puncture, ventriculostomy or a shunt to lower CSF pressure and stop leakage. Select the appropriate method individually.
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5) PNEUMOCEPHALUS

Whenever the skull is opened, some air remains intracranially, in the epidural or subdural space or in the ventricles. This air exerts pressure but is slowly absorbed. Together with brain swelling and hydrocephalus, it may further increase intracranial pressure. Therefore irrigate these cavities to expel all air before closing the dura.

When nitrous oxide anesthesia is used for posterior fossa surgery in the sitting position, air may rise into the ventricular system and form a closed gas-containing space. Nitrous oxide in the blood exchanges with nitrogen in this closed space. Nitrous oxide is generally 34 times more soluble in blood than nitrogen(25). Consequently, nitrous oxide accumulates in the closed space and expands its gas volume, increasing intraventricular pressure. The gas can be removed through a ventriculostomy tube.
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6) CSF LEAKAGE

This commonly occurs after surgery for tumors at the base of the frontal lobe or in the pituitary fossa. A low skull opening is needed for adequate tumor exposure but may open the frontal air sinus. Dissection of a frontal tumor such as an olfactory groove meningioma may leave a defect in the cribriform plate. These defects cause CSF rhinorrhea. In posterior fossa surgery, craniectomy may open the mastoid air cells, producing CSF otorrhea if the tympanic membrane is perforated. Watertight dural closure helps prevent leakage. Mastoid air-cell openings may additionally be sealed with a thin sheet of bone wax or covered with a muscle patch.

Hydrocephalus or raised CSF pressure is an important cause of leakage. Prevention therefore requires maintaining low CSF pressure, using repeated lumbar punctures, ventriculostomy or a shunt as appropriate for the individual patient.
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pseudomeningocoele

This may occur after posterior fossa tumor surgery by craniotomy when the dura is not sutured closed as before, but its edges are attached to muscle and galea. CSF then collects between the cerebellum, muscle and dura. Several months after surgery, a bulging fluid-filled sac resembling a meningocele develops. Hydrocephalus makes it particularly tense. It can be resolved by lowering CSF pressure.

Treatment of CSF leakage follows these principles: i) Position the patient to reduce hydrodynamic pressure at the leak, for example with the head elevated. ii) Suture the skin-wound opening closed. iii) Correct the cause of raised CSF pressure, for example by complete tumor removal, lumbar puncture, ventriculostomy or a shunt. Remember that some patients may become drowsier after leakage stops if an expanding mass remains: the leak had lowered intracranial pressure, but when it stops, CSF accumulates and pressure rises. iv) Give antibiotics as appropriate for the individual patient.
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7) Infection

Most postoperative infections involve the scalp wound. Acute epidural, subdural or brain abscesses are very rare, particularly after clean operations such as brain tumor surgery, in which they are now almost never seen because of good technique and antibiotics. Three forms of infection may occur: skin-wound infection, osteomyelitis, and meningitis or ventriculitis resulting from CSF leakage. Predisposing factors for infection and poor wound healing include advanced age, poorly controlled diabetes, a poorly vascularized scalp flap, necrosis of skin edges, prolonged surgery, steroid and immunosuppressive therapy, and repeat craniotomy. Wound inflammation generally becomes evident toward the end of the first week, with fever, leukocytosis, red and warm skin, or palpable abscesses at suture sites. Remove the sutures and give appropriate antibiotics for an adequate duration. Open the wound to drain any pus. In some patients infection appears weeks or months after surgery as protruding infected granulation tissue along the wound, sometimes discharging pus. This usually accompanies infection of the bone flap and epidural infected granulation tissue. Open the scalp flap, remove the bone flap, curette all infected granulation tissue, excise unhealthy wound edges and close the wound to allow healing. The bone flap must be removed because its poor blood supply makes it behave like a foreign body.

During craniotomy closure, the surgeon must achieve a watertight dural closure to prevent infection from spreading into the subdural space or the operated brain region. If this occurs, the patient often dies.

Infection from CSF leakage or intraoperative contamination causes meningitis or ventriculitis, with high fever, drowsiness, neck stiffness, a positive Kernig’s sign and possible death. Stop the CSF leak promptly and give high doses of antibiotics appropriate to the organism, with good CSF penetration, for 3–4 weeks.
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8) Fluid and electrolyte imbalance

Hyponatremia is a complication of brain tumor surgery and craniotomy for other cerebral diseases. Causes include excessive hypotonic fluid, such as 5% dextrose in water, and SIADH (syndrome of inappropriate antidiuretic hormone). Both cause dilutional hyponatremia and water intoxication. Patients develop vomiting, nausea, deteriorating consciousness and progressively increasing drowsiness, sometimes with seizures or hemiparesis. These findings may be difficult to distinguish from postoperative hemorrhage or brain swelling. They improve when the sodium level returns to normal.

The main treatment is fluid restriction, which works well when hyponatremia and symptoms are mild. In severe hyponatremia, the author has found that an initial 300 cc of 3% or 5% NaCl, together with fluid restriction, hastens recovery. Subsequent administration is determined by the patient’s symptoms and sodium level.

Hypernatremia or hyperosmolarity is less common. The principal causes are dehydration and excessive sodium administration. It occurs in patients with brain disease who are unconscious or drowsy, lack thirst, have difficulty swallowing, vomit, have high fever or rapid breathing, or lose excessive water in the urine (polyuria). Following surgery for tumors around the pituitary gland and hypothalamus, destruction of the source of ADH may cause diabetes insipidus. It may also occur with osmotic diuresis, such as mannitol used to reduce intracranial pressure.

Signs and symptoms of hypernatremia include increasing drowsiness, confusion or unconsciousness, fever, dry mouth and oliguria, except when diabetes insipidus or osmotic diuresis is responsible. Some patients have seizures and weight loss.

Treatment principally consists of electrolyte-free water in amounts exceeding ongoing water losses, with repeated electrolyte measurements until normal values are restored. At the same time, correct the cause of polyuria, for example by treating diabetes insipidus as described earlier, and stop diuretics.
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9) HORMONAL DISTURBANCES

These may occur after surgery for tumors around the pituitary gland and hypothalamus. Common examples are SIADH (syndrome of inappropriate antidiuretic hormone) and diabetes insipidus, discussed earlier in this chapter.
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10) Seizures

Postoperative seizures may be motor or nonmotor. They are most common after surgery in or near the motor area. A preoperative history of seizures increases the likelihood of postoperative seizures. If a seizure occurs, promptly give anticonvulsants until it stops, as discussed earlier, and investigate the cause with CT. During the first 2–3 postoperative days, common causes are postoperative hemorrhage, brain swelling and infarction. Metabolic abnormalities can also cause seizures. Once the cause is identified, treat it accordingly.
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11) HYPERTHERMIA

A persistently elevated temperature from the first postoperative day, without returning to baseline, usually indicates dysfunction of the hypothalamic temperature-regulating center, termed central hyperthermia. Blood in the subarachnoid space, ventricles or brain may also cause fever, but it is usually less marked than central hyperthermia. When the patient has a high fever, lower the temperature by the methods described earlier in the chapter, to reduce cerebral metabolism, CBF and intracranial pressure.
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General techniques of brain surgery

Many new instruments and techniques for diagnosing and operating on cerebral disease have made brain surgery easier and more successful. These include CT, MRI, bipolar forceps coagulators, microinstruments, microscopes, microneurosurgical techniques, ultrasonic aspirators and lasers. CT and MRI accurately locate tumors, allowing the surgeon to make a small skull opening precisely over the tumor. This shortens the operation and reduces complications.

Bipolar forceps coagulation provides effective hemostasis even where unipolar coagulation would be dangerous, such as the brainstem. For tumors at important sites such as the third ventricle, pituitary gland and cerebellopontine angle, with vital structures including the brainstem, cranial nerves and vessels, microscopes and microinstruments allow more confident removal while preserving cranial nerves and important vessels. The newest and very useful developments at present are the ultrasonic aspirator and laser. Ultrasonic aspiration facilitates removal of large tumors or those at important sites by aspirating tissue fragmented by ultrasound, reducing tumor size. Advances in laser technology for neurological surgery also allow surgery without blood loss and shorten operating time.

Before discussing operative techniques, the following basic principles should be understood.
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1. Patient positioning

Before surgery, the surgeon must carefully assess tumor location, side, size, vascularity and feeding vessels on CT, MRI or cerebral angiography. Before anesthesia, display the images that best show the tumor, as they will be needed throughout the operation. Relate them to the surface anatomy of the head and brain to place the skull opening directly over the tumor.

Good positioning must achieve these important objectives:

i) Provide the easiest and most complete exposure of the lesion.

ii) Avoid intraoperative and postoperative complications, such as venous obstruction or compression of spinal nerves.

iii) Allow the anesthetist to correct cardiovascular and respiratory abnormalities during surgery without disturbing the operative field.

iv) Keep the surgeon comfortable during a prolonged operation.

v) Allow convenient placement of the anesthetic machine, surgical instruments, scrub nurse, assistant and microscope.

In general, the operating surgeon should personally position the patient and mark the skull opening to ensure correct tumor exposure and avoid potential injury.

The following positions are used in brain surgery:
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1.1 Supine position

The patient may face directly upward or be turned slightly toward the opposite side, depending on tumor location. This position is suitable for frontal lobe and sellar tumors. No support beneath the shoulder on the operative side is needed because the neck is not rotated. Avoid compression of either ulnar nerve. A horseshoe headrest may be used for a short operation without causing pressure sores. A pin-type head holder avoids pressure sores even in prolonged operations, leaving only scalp puncture sites. Choose pin sites away from vessels to prevent bleeding when the pins are removed. Place the pins below the frontal and parietal prominences to prevent upward slippage, and avoid the thin temporal squamous bone.

Keep the head slightly above the chest to improve venous drainage. Air embolism is possible, although the author has not encountered it. Moderately extend the head so that gravity allows the frontal lobe to fall toward the vertex, reducing the retraction needed to reach subfrontal and sellar tumors.

Temporal and parietal tumors require substantial rotation of the face and neck toward the opposite side. This may obstruct venous drainage and overstretch neck muscles, increasing intracranial pressure and making surgery difficult and dangerous. Elevate the shoulder on the operative side with a sandbag to reduce neck rotation.

After positioning, always verify the endotracheal tube position and adequate ventilation, then arrange the gas tubing and anesthetic machine appropriately. Apply ophthalmic ointment over the entire cornea and tape the eyelids fully closed to prevent dryness and corneal ulceration from contact with the drapes.
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1.2 Lateral position

This position is used for posterior fossa and occipital lobe tumors. Place a soft pillow beneath the dependent side of the chest. Extend the lower arm forward to reduce pressure on axillary nerves and vessels, and support the upper arm. Always flex the lower hip and knee to provide a stable base and prevent the patient from rolling backward. Keep the upper leg straight, with a pillow between the legs. Secure the iliac crest and chest to both sides of the operating table with broad adhesive straps. Avoid compression of the peroneal and ulnar nerves. Once the trunk is positioned, secure the head in a pin-type holder with the neck tilted slightly downward. Tape the upper shoulder downward to enlarge the operative space. Rotate the head moderately downward as required by tumor location (Figure 7.1)
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1.3 Prone position

This position is used for tumors in the posterior fossa, occipital lobe and cervical spine. It is important to avoid pressure on the chest and abdomen, which would increase intrathoracic pressure and impair venous return from the brain. Place the patient prone on a Wilson frame with an open center, or use cylindrical cushions under the pelvis and upper chest. Keep both arms beside the body and both feet against the foot support. Raise the head of the operating table so the head does not hang downward, improving cerebral venous return. Moderately flex the head and neck to facilitate posterior fossa access and secure the head in a pin-type holder, avoiding pressure sores on the forehead and cheekbones. For an occipital lobe tumor, keep the head straight without flexion to expose the occipital region. After positioning, check that the endotracheal tube remains correctly positioned, because flexing the head and neck may advance it into one bronchus, ventilating only one lung and adversely affecting the brain.

[image: Figure 7.1 Lateral positioning, suitable for posterior fossa and occipital lobe surgery.]Figure 7.1 Lateral positioning, suitable for posterior fossa and occipital lobe surgery.
If a horseshoe headrest is used, protect the forehead and cheekbones from pressure sores with soft cotton padding. Ensure that neither eye is compressed by the edge of the headrest.
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1.4 Semiprone position

Position the patient as for the lateral position, then rotate approximately another 45° forward. Extend the lower arm backward and place a pillow anteriorly to support the trunk in the semiprone position. Secure the trunk with adhesive straps and position the head appropriately for the tumor site within the posterior fossa.
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1.5 Sitting position

This position provides good posterior fossa exposure but carries several possible hazards, including air embolism, hypotension, supratentorial subdural hematoma and pneumocephalus, as discussed under complications. These require particular attention. After anesthesia, gradually raise the head of the table, checking blood pressure at intervals. If it falls, wait for the patient to adapt and the pressure to normalize before proceeding to the sitting position. If blood pressure does not recover, do not operate in this position. Wrap the legs with elastic bandages from feet to groins to limit dependent pooling of blood while sitting. Flex the hips and knees and elevate the legs above the horizontal. Flex the head, leaving at least about two fingerbreadths between the chin and sternum. This provides good posterior fossa access. Flexion until the chin touches the sternum may kink the endotracheal tube and impair ventilation. For a cerebellopontine angle tumor, turning the face toward the tumor side may improve exposure. Finally, secure the head in a pin-type holder (Figure 7.2)

[image: Figure 7.2 Sitting position, suitable for posterior fossa and cervical spine surgery.]Figure 7.2 Sitting position, suitable for posterior fossa and cervical spine surgery.
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2. Preparation of the operative skin

Correct skin preparation is important in preventing wound infection. Shave the entire head closely; partial shaving may allow contamination. After positioning, scrub the scalp with Betadine or Hibitane soap for about 10 minutes to remove skin bacteria. Once dry, mark the incision with sterile dye or a light superficial scratch with a knife. Place sterile drapes around the marked incision. Do not omit this marking, since draping obscures surface landmarks and the skull opening may otherwise miss the tumor site. A Steri-Drape, a plastic sheet adhesive on one side, placed over the scalp and upper drapes prevents fluid from soaking the drapes and spreading bacteria along with it.
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3. Hemostasis

Several sites may bleed profusely during brain surgery. The surgeon must know the appropriate hemostatic technique for each. Unless bleeding is completely controlled, brain surgery becomes difficult. Potential sources include the scalp, skull, dura mater, middle meningeal artery, superior longitudinal sinus, transverse sinus, arachnoid granulations, cerebral vessels and tumor vessels.
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3.1 Scalp bleeding

The scalp is highly vascular, and opening and closing it can cause substantial blood loss. Most scalp vessels lie between the skin and galea. Individually clamping and ligating cut vessels, as in general surgery, is ineffective and slow. Methods of scalp hemostasis are as follows:

3.1.1 Have the assistant press firmly with the fingertips along both sides of the planned incision, compressing vessels against the skull to prevent bleeding. Incise a length of about 6–7 cm at a time (Figure 7.3)

3.1.2 Grasp the galea and undersurface of the skin together with arterial clamps about 1 cm apart along both wound edges. Tie the clamps together in groups of approximately 5–6 (Figure 7.4). Continue along the entire planned scalp incision. The clamps fall under gravity and exert traction on the scalp, stopping bleeding.

[image: Figure 7.3 Scalp hemostasis by finger pressure along both wound edges.]Figure 7.3 Scalp hemostasis by finger pressure along both wound edges.
3.1.3 Clips may be applied to both wound edges, including both skin and galea to stop bleeding. Michel clips (Figure 7.5), Raney clips or Kölner clips may be used. Michel clips come in long, medium and short sizes. The medium size is generally used for an ordinary adult scalp and the short size for the thinner scalp of a child. Place Michel clips about 1 cm apart. They cannot be reused and are therefore costly, but they keep the field tidy and do not obstruct the operation. Raney clips are broad spring clips that indent and darken the scalp edges, potentially impairing healing. Place cloth beneath them on the scalp before application (Figure 7.4). Raney clips can be reused and are therefore economical.

3.1.4 Use bipolar or unipolar coagulation at individual points where vessels remain open. Coagulate only the vessel, avoiding the skin, to promote good healing.

3.1.5 Inject a solution of adrenaline, 1 mg in 200 cc of water, beneath the scalp along the planned incision. Vasoconstriction reduces wound bleeding. Disadvantages include elevated blood pressure from systemic absorption of adrenaline and, in some patients, skin necrosis with failure of wound healing.

[image: Figure 7.4 Hemostasis with arterial clamps grasping the galea and underside of the scalp. Kölner clips control bleeding on the opposite wound edge.]Figure 7.4 Hemostasis with arterial clamps grasping the galea and underside of the scalp. Kölner clips control bleeding on the opposite wound edge.
[image: Figure 7.5 Scalp hemostasis using Michel clips.]Figure 7.5 Scalp hemostasis using Michel clips.
3.1.6 Scalp closure is another stage when substantial bleeding may occur. Correct suturing also provides hemostasis. Before closure, thoroughly irrigate all bone fragments from the wound edges, because bone acts as a foreign body and prevents healing. Begin closure proximally along the arterial supply to the scalp, controlling inflow and reducing distal bleeding. Also work from the higher part of the wound toward the lower part so that bleeding does not obscure suturing. Starting below allows blood from above to pool where sutures are being placed. Remove arterial clamps or clips in groups of 5–6 at a time, and approximate the subcutaneous tissue together with the galea at intervals of about 1.5 cm. Then approximate the full thickness of the skin. The author prefers alternating one subcutaneous suture with two skin sutures, with the subcutaneous stitch lying between the two skin stitches. This improves hemostasis because the skin sutures reinforce vessel compression. After completing one group, remove the next group of clamps and repeat until finished. Do not space skin sutures too widely, as bleeding may occur; intervals should not exceed 1.5 cm. Inadequate scalp hemostasis during closure can cause a large hematoma or rapid drainage of hundreds of cc of blood, requiring reopening for hemostasis. This wastes time and provides an opportunity for infection. The surgeon must therefore always secure complete hemostasis during closure.
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3.2 Muscle bleeding

Muscle bleeds along its cut edges and where it has been detached from the skull. This most often involves the temporalis during supratentorial craniotomy, or the occipital muscles during posterior fossa exposure. Coagulation usually stops the bleeding easily. If it persists, use suture ligation.
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3.3 Bone bleeding

Since Victor Horsley invented bone wax(26) and successfully used it to control bone bleeding, this hemostatic problem has been resolved. Bone wax remains in use today. Without it, brain surgery would be difficult, and even with modern operative techniques, postoperative hemorrhage could still be dangerous. Press bone wax into the bone openings to plug them. If the middle meningeal artery is torn while the bone flap is being elevated, bleeding may emerge from a bony canal containing the retracted arterial end. Do not simply plug it with bone wax: postoperative hypertension may dislodge the wax and cause an acute epidural hematoma. A better method is to remove bone until the artery is visible, then suture-ligate or coagulate it until bleeding stops. Besides using bone wax, bleeding from the bone flap may be stopped by detaching the temporalis from the skull, leaving only its end attached. This interrupts the muscular blood supply to the bone. Bleeding from the muscle must also be controlled.

When applying bone wax along the skull edge, do not push large pieces beneath the skull. They may separate the dura from the inner skull surface and cause bleeding on the dural surface.
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3.4 Dural bleeding

Dural bleeding comes from the middle meningeal artery, superior sagittal sinus and arachnoid granulations (Pacchionian bodies). It may be profuse and difficult to control, making prevention important. The middle meningeal artery is often torn by a sharp inferior temporal bone edge when the bone flap is turned away from the dura, producing heavy arterial bleeding. Prevent this by slightly lifting the bone flap and inserting a periosteal elevator to separate the skull from the dura all around. After fracturing the temporal bone attachment, do not turn the flap directly downward; first lift it, then turn it downward. This prevents the fractured edge from injuring vessels. The author has often seen simultaneous tears of the middle meningeal artery, dura and cortical vessels caused by incorrectly turning the flap.

Bleeding from the superior sagittal sinus and arachnoid granulations can be avoided by keeping the skull opening at least 3–4 cm from the midline. If midline exposure is necessary, for example for a tumor near the midline, make burr holes about 2 cm from the midline on both sides and join them by removing the intervening bone with a rongeur. This avoids injury to the superior sagittal sinus.

Control a torn middle meningeal artery with a silver clip across its open end or by passing a suture through the dura around the artery and tying it. If the arterial end lies deep to the skull edge, remove a little more bone until it is visible, then suture-ligate, clip or coagulate it. Suspend the dura from muscle or galea with sutures. If these methods fail, it may be necessary to approach the artery at the foramen spinosum. Separate the dura from the inner skull surface in the middle fossa and follow the middle meningeal branches from distal to proximal. At the floor of the middle fossa, identify the foramen spinosum. If the arterial segment between dura and foramen is long enough, apply a silver clip and divide the artery, or simply clip it, to stop bleeding. If the segment is too short to clip, pack a piece of cotton approximately 3 × 5 mm into the foramen spinosum to occlude the artery. The cotton may be left there without harm. Small middle meningeal branches on the dural surface are readily controlled with bipolar coagulation. Avoid unipolar coagulation because it causes marked dural contraction. Finally, suspend the dura along the skull edge from the galea all around to prevent epidural bleeding beneath the skull.
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3.5 Bleeding from arachnoid granulations

Small bleeding points may be controlled with bipolar coagulation. This is ineffective for larger areas. Cover the bleeding site with an adequately sized piece of Gelfoam, place moist cotton over it and apply pressure for 2–3 minutes to stop bleeding. If the bleeding granulation is at the skull edge, cover it with Gelfoam and suspend the dura from the galea with sutures.
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3.6 Bleeding from a dural venous sinus

Although the blood is venous, a tear can cause substantial blood loss. The taut sinus walls cannot be approximated to close the defect, and coagulation is ineffective. A good method is to cover the opening with a muscle patch, pass a suture through the dura on either side and tie it so that the thread presses down on the patch. Apply cotton briefly until bleeding stops, then remove the cotton (Figure 7.6)

[image: Figure 7.6 Hemostasis of a dural sinus with a muscle patch or Gelfoam.]AI-enhanced and colorized image · Switch to view the originalFigure 7.6 Hemostasis of a dural sinus with a muscle patch or Gelfoam.
If the superior sagittal sinus must be divided, its anterior one-quarter to one-third may be divided without harm. Occlusion farther posteriorly may impair venous return, cause brain swelling and lead to death. To divide the sinus, make small dural openings on both sides, apply two clamps, divide the sinus and securely suture-ligate its ends. Simple ligation alone should be avoided because the ligature may slip.
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3.7 Bleeding from cerebral and tumor vessels

Bleeding from either arteries or veins on the cerebral or cerebellar cortex is readily controlled with bipolar coagulation for small vessels and silver clips for larger vessels. Before occluding a vessel, always consider the function of the brain territory it supplies. Avoid proximal occlusion of a torn vessel; occlude it at the bleeding site to minimize brain injury.

The author considers bleeding from cortical or bridging veins particularly important. Although bleeding may be easily stopped, swelling in the territory drained by the vein may be fatal. Sometimes the swollen brain must be resected to save the patient, leaving a disability. Therefore, if a large vein has a defect but is not completely divided, wrap Gelfoam around it and apply pressure for 2–3 minutes. Bleeding will stop, and the Gelfoam is unlikely to dislodge because venous pressure is low. This preserves normal venous flow. The author has seen a Sylvian vein torn during craniotomy by bone penetrating through the dura into the vein. The surgeon attempted bipolar hemostasis, but the entire hemisphere eventually swelled and the patient died. Small veins may be coagulated, except those draining important regions such as the brainstem and hypothalamus.

Bleeding during tumor dissection can be controlled with coagulation, silver clips and cotton packing. The best method of controlling tumor bleeding is prompt complete removal of the tumor, which stops the bleeding and leaves the field in good order. There may be slight bleeding from cerebral vessels supplying the tumor, but it is easily controlled. During dissection, systematically occluding and dividing the feeding vessels along the capsule margins minimizes blood loss during removal.
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4. Suction apparatus (sucker)

This is essential in every brain operation. Two suction units may sometimes be needed when substantial bleeding is anticipated. Suction serves the following purposes:

i) It keeps the operative field clean and dry, removing blood, cerebrospinal fluid and saline used to irrigate the brain, so that the surgeon can clearly see the lesion and important structures.

ii) It removes soft tumor gradually, reducing its size so that the remainder can be removed easily. For firm tumors, suction may be combined with a cutting loop.

iii) It identifies bleeding points. Sometimes the severed vessel can be lifted into view by suction and coagulated to stop the bleeding easily. When the bleeding point is unclear, I usually flood the operative cavity with saline and apply suction away from the bleeding site. The jet of blood and its stream through the water toward the suction tube reveal the point that needs coagulation.

iv) For firm tumors, the suction tube can help lift the tumor and facilitate its separation from the brain.

v) It removes necrotic brain tissue or substitutes for a knife during lobectomy. Suction exposes vessels running between the tissue to be removed and the healthy tissue, allowing convenient coagulation or clipping without causing bleeding.

Suction technique is important because improper use may impair brain and cranial nerve function. Suction tubes are available in several sizes. The choice depends on the operation: microsurgery requires a small tube, whereas tumor aspiration calls for a large one. Most tubes are metal and have a vent at the handgrip to regulate suction. Closing the vent completely with the thumb applies the full suction set on the machine; opening it reduces suction. Fukushima devised a tube with a teardrop-shaped oval vent that allows finer thumb control.

When suction is applied near brain tissue, cranial nerves or blood vessels, a thin cotton pledget should first cover the area, and suction should be applied through it to prevent injury. Gentle pressure while suctioning through the pledget also controls bleeding and dries the field. Gradually lifting the pledget reveals bleeding points for easy coagulation.

A large tube aspirates tumor quickly and removes more tissue. Begin in the least vascular area and gradually work outward. As the tumor shrinks, its margins and feeding vessels become more visible. Coagulating and dividing these vessels reduces its blood supply. If a tumor vessel is drawn onto the suction tip, coagulate it with bipolar forceps; with unipolar coagulation, apply the electrode to the metal suction tube to stop the bleeding.

Hazards of suction Suction may damage cranial nerves, blood vessels and important brain tissue. If these structures are not protected, a nerve or vessel may be drawn onto the tip, causing contusion or transection and loss of function. For example, the facial nerve may be injured during suction dissection of an acoustic neuroma. If the nerve becomes caught on the tip, an alarmed surgeon may pull the tube away and sever it. The correct method is to reduce suction when approaching the nerve. If the nerve adheres to the tip, open the vent or pinch the rubber tubing to interrupt suction, then gently push the nerve off the tip to preserve it. The optic and olfactory nerves are not true peripheral nerves but extensions of the brain and lack toughness. Suction can easily sever them, so they should be completely covered with cotton pledgets.

Striking, pulling or aspirating a vessel with the suction tube may tear it. Cerebral veins are particularly fragile and should remain carefully covered with cotton pledgets throughout tumor dissection.
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5. Coagulator

An electrical coagulator controls bleeding from small vessels. There are two types: i) unipolar and ii) bipolar. Bipolar coagulation is now used for most neurosurgical operations.
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5.1 Unipolar coagulation

Unipolar coagulation can be used for cutting and hemostasis. Its disadvantage is that current passes from the active electrode through the patient to a grounding plate placed against the leg. It therefore cannot be used in vital areas such as the brainstem, because the patient may fail to regain consciousness. Burns may also occur if the grounding plate is absent.

The operative field must be dry for effective unipolar coagulation, so suction is always required. The electrical setting must be appropriate. Besides coagulation, a loop electrode can cut firm tumors that cannot be aspirated, such as fibrous meningiomas. Cutting pieces from the center outward reduces the tumor to its capsule, allowing complete removal. However, using a loop on tumors near the medial part of the lesser sphenoid wing may be dangerous: in some patients the internal carotid artery runs through the tumor and could be cut. This possibility must always be borne in mind.
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5.2 Bipolar coagulation

Current flows only between the two electrode tips of the forceps, rather than through the patient to ground. If the tips touch, a short circuit occurs and no coagulation takes place. The bleeding point or tissue to be coagulated must therefore lie between the tips, which should remain approximately 2–3 mm apart. Unlike unipolar coagulation, bipolar coagulation can work in a pool of saline. Irrigating the tips during use improves coagulation, protects tissue from heat, reduces tissue shrinkage and prevents the tips from drying and sticking. Without saline, the tips adhere to dry, burned tissue. Tips coated with charred tissue will not coagulate effectively again until the coating has been scraped off.

An advantage of bipolar coagulation in neurosurgery is that it can control vessels in areas where unipolar coagulation would be dangerous, such as the brainstem(27). Small bleeding points on the wall of a large vessel may also be controlled with low current and saline irrigation, without vessel contraction or thrombosis. Unipolar coagulation would sacrifice such a vessel through contraction and thrombosis.
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6. Retractor

Retractors are another essential instrument in brain surgery because they expose the lesion. They include ordinary hand-held brain spatulas used to retract a brain tumor and self-retaining retractors that hold the brain without manual support. These useful devices come in many forms (Figure 7.7). They are generally divided into those attached directly to the skull edge and those attached to the operating table. Self-retaining retractors maintain steady traction, avoiding contusion, and their position and tension can be adjusted as needed. They free both of the surgeon’s hands for other tasks. A hand-held spatula tends to shift during prolonged retraction, readily bruising the brain and interrupting the operation.

[image: Figure 7.7 Examples of self-retaining brain retractors. a. The De Martel type, attached to the skull edge. b. The Gilsbach type, attached to the operating table.]Figure 7.7 Examples of self-retaining brain retractors.
a. The De Martel type, attached to the skull edge.
b. The Gilsbach type, attached to the operating table.
Principles of retractor use:

i) Use a self-retaining retractor.

ii) Lower intracranial pressure before applying a retractor; otherwise traction may tear the brain and make tumor exposure difficult.

iii) Choose a suitably small spatula that provides the required tumor exposure.

iv) Apply only enough traction to expose part of the tumor. There is no need to retract the brain until the entire tumor is visible; doing so damages brain tissue.

v) First cover the brain to be retracted with a cotton pledget to protect it from the blade edges.

vi) Whenever possible, position the spatula away from cortical veins to prevent venous occlusion and brain edema.

If hypotension develops, reduce retraction to maintain adequate brain perfusion.
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7. COTTONOID

Cottonoids are thin cotton pads cut into various sizes. A long black thread is sewn to one side to indicate the pad’s location, with the thread remaining outside the skull. They have the following uses:

i) Covering the brain to prevent drying. The pad retains water and keeps the cortical surface continuously moist.

ii) Covering cranial nerves and vessels near the tumor to protect them during dissection.

iii) Providing a protective layer when suctioning fluid and blood, preventing direct contact between the suction tube and brain, cranial nerves or vessels. Place the pad over the area and apply suction to the pad until dry.

iv) Packing a bleeding site to apply pressure. Wait approximately 3–4 minutes for bleeding to stop, then irrigate the packing with saline. The cotton expands and can be gently removed one piece at a time. If bleeding persists, use another method.

v) Covering Gelfoam while suction is applied to the cotton, drying the Gelfoam and helping it adhere to the bleeding surface.

Care is required when removing cottonoids covering nerves, vessels or brain, because these structures may tear. During suction, they can adhere to the fibers on the underside of the pad; repeated suction and prolonged placement increase this adherence. Lifting the cottonoid may then avulse them. I encountered this during acoustic neuroma surgery, in which cottonoids are routinely placed over cranial nerves IX, X and XI at the jugular foramen. Careless removal before wound closure tore one nerve filament; fortunately, the entire nerve was not severed. The correct method is to keep irrigating the pad while lifting it gradually. At any point of adherence, gently free the nerve, vessel or cortex from the cotton with a nerve root retractor to avoid injury.
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General methods of opening the skull

There are two methods, classified according to how the skull is opened:

i) Osteoplastic craniotomy creates a bone flap of the required size, depending on the size, location and type of tumor or lesion. Particular techniques for each location will be discussed later. After the brain operation, the bone flap is replaced, leaving no large skull defect. This method is used for supratentorial openings.

ii) Craniectomy removes bone to create an opening of the required size. Usually a burr hole is made first, then enlarged by cutting away surrounding bone. This is suitable for the posterior fossa. It may also be used supratentorially when only a small opening is needed. No bone flap is replaced after the brain operation, and a skull defect remains.
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Osteoplastic craniotomy technique

The following principles apply to craniotomy at any location:

i) Center the opening over the tumor and make it as small as permits convenient removal. CT and MRI are particularly helpful. Limiting the opening to the necessary size saves time and reduces blood loss. It also limits the cortical area exposed to air, which may be damaged by drying during prolonged exposure.

ii) Always preserve the muscle attachment to the bone flap to maintain its blood supply. Otherwise the flap dies and behaves like a foreign body.

iii) For this reason, fracture the bone with the muscular pedicle of the flap always directed toward the skull base.

iv) Fracture the skull at a thin, narrow site where it breaks easily.

v) Avoid injury to the superior sagittal and transverse sinuses and to the proximal middle meningeal artery.

vi) Whatever the shape of the scalp incision, preserve the major vessels supplying the scalp flap.

vii) Always consider cosmetic results, particularly in frontal operations, without compromising access to the brain tumor.

Original printed pages 586–587
Scalp incision

A scalp incision for craniotomy is generally horseshoe-shaped, with its open end directed inferiorly toward the skull base to maintain a good blood supply to the flap. The pedicle must be sufficiently wide: the narrower it is, the greater the risk of ischemia. A straight or slightly curved incision may be suitable for a relatively small craniotomy.

[image: Figure 7.8 Major arteries supplying the scalp, which must be preserved when raising a scalp flap.]AI-enhanced and colorized image · Switch to view the originalFigure 7.8 Major arteries supplying the scalp, which must be preserved when raising a scalp flap.
The scalp arteries (Figure 7.8) include:

i) The superficial temporal artery, supplying the temporal and parietal regions and part of the frontal region.

ii) The supraorbital and supratrochlear arteries, supplying the frontal region.

iii) The greater occipital artery, supplying the occipital and posterior parietal regions.

A scalp flap must receive blood from at least one of these arteries; preserving two supplies is preferable whenever possible.
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Examples of scalp incisions (Figure 7.9)

Panel a shows an incision suitable for tumors of the temporal lobe, Sylvian fissure, middle cranial fossa and tentorium. Begin in front of the ear, behind the superficial temporal artery, to preserve the flap’s blood supply. The incision may need to extend to the upper border of the zygoma, but should not lie more than 2 cm anterior to the tragus, as this may sever the frontal branch of the facial nerve and impair frontalis function. Curve the incision posteriorly through the temporal region above the ear, then forward around the temple, ending behind the frontotemporal hairline.

[image: Figure 7.9 Examples of scalp incisions for craniotomy at different locations (a–g).]AI-enhanced and colorized image · Switch to view the originalFigure 7.9 Examples of scalp incisions for craniotomy at different locations (a–g).
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Panel b shows a horseshoe incision with its open end toward the skull base. It is suitable for tumors on the cerebral convexity and in paramedian regions, as in panel f. Note the good blood supply from the superficial temporal artery.

Panel c is suitable for tumors of the occipital lobe and tentorium. It may be extended inferiorly to expose both supratentorial and infratentorial compartments, using a craniotomy above and a craniectomy below the tentorium. The occipital artery provides a good blood supply to this flap.

In panel d, the anterior limb of the horseshoe lies in front of the ear. This incision is suitable for tumors of the posterior temporal region, lateral tentorium or posterior petrous bone.

Panel e shows a transcoronal incision along the coronal suture, extending from in front of one ear to the other. Keep it behind the frontal hairline for cosmetic reasons. In some cases it need only extend slightly across the midline, rather than all the way to the opposite ear—for example, with a narrow forehead or when subfrontal access is unnecessary. The flap remains supplied by the supraorbital, supratrochlear and superficial temporal arteries.

A transcoronal incision is suitable for a bifrontal bone flap, as shown in panel g.

Panel f shows a horseshoe incision crossing the midline, with its open end still directed toward the skull base. This is suitable for parasagittal tumors such as meningiomas, or midline tumors such as third ventricular tumors.

Panels h and i show straight scalp incisions, which bleed relatively little because they run parallel to the vessels. I prefer this approach when a large bone flap is unnecessary, since CT and MRI now show tumor location and size clearly enough to permit accurate incision placement.
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Opening the skull

After incising the scalp and controlling bleeding with arterial clamps or clips as described earlier in this chapter, separate the scalp in the loose areolar plane between the galea and pericranium and reflect it inferiorly. Place a rolled cloth beneath the flap to prevent folding and ischemia, and hold it in this position throughout the operation. A frontotemporoparietal craniotomy exposes the temporalis muscle and pericranium; an occipital craniotomy does not expose temporalis.

The steps are as follows:

Step 1. Divide the temporalis muscle with electrocautery along its fibers at both lower wound margins. Strip enough muscle from the skull to permit convenient burr-hole placement (Figure 7.10b). Control bleeding from muscle and bone, and remove the pericranium at each intended burr-hole site.

Step 2. Use a perforator to make approximately 4–6 holes, depending on the required flap size, spaced about 5–6 cm apart (Figure 7.10b). Usually five holes suffice: three superiorly and two inferiorly in the prepared temporalis regions over the temporal squama. When the perforator reaches the dura, it feels caught and becomes difficult to turn. Stop immediately, remove it and move to another site. Forcing it farther may penetrate the dura or brain, particularly through the thin temporal squama. Control bony bleeding with bone wax. Then enlarge each initial opening with a burr. Remove any inward-projecting bone at the lower rim with a rongeur. In a thin skull, this opening is sufficient to pass a dural guide between holes. A thick skull may require slightly wider holes to facilitate passage.

Burr holes can also be made with an electric or pneumatic drill (craniotome) (Figure 7.10). Its shoulder prevents penetration that could injure the brain. When the drill passes the inner table and reaches the dura, loss of resistance stops its rotation. The skull is then divided with a dural guide and Gigli saw, as described below.

Step 3. Use a rongeur to enlarge the two lowest temporal burr holes toward each other, leaving a narrow bridge of bone beneath temporalis that can be fractured easily. Cutting here may cause bleeding from branches of the middle meningeal artery. Use bipolar coagulation or temporarily pack with bone wax or a cottonoid. Definitive hemostasis is achieved after the skull is opened and the bleeding point is visible.

[image: Figure 7.10 Steps of osteoplastic craniotomy (a–e).]AI-enhanced and colorized image · Switch to view the originalFigure 7.10 Steps of osteoplastic craniotomy (a–e).
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a. The incision line.
b. Making burr holes with a perforator and burr.
c. Enlarging the two temporal burr holes toward each other and inserting the dural guide with the Gigli saw.
d. Sawing around the bone flap with the Gigli saw.
e. Relationships of the dural guide, Gigli saw, dura and brain.
f. Elevating the bone flap to fracture the temporal bone bridge.
g. The dural incision line.
h. Opening the dura with its hinge superiorly toward the vertex.
Step 4. Pass the dural guide with the Gigli saw from one hole to the next (Figure 7.10). The guide must lie between the dural surface and the inner table. Precautions are: i) If the perforator has torn the dura, the guide may enter the subdural space and injure brain or vessels. First separate the dura from bone with a curved dissector, then insert the guide. ii) In elderly patients or those with hyperostosis frontalis interna, frontal dura may adhere firmly to the inner table and tear during guide insertion. If passage from one hole is obstructed, try from the other or first separate the dura with a curved dissector. iii) Large arachnoid granulations often occur near the midline in the parietal parasagittal region. The guide may perforate the dura there and cause venous bleeding. If this happens, withdraw it and reinsert it obliquely downward, passing beyond the granulation before turning the tip toward the intended exit hole. This separates the dura and arachnoid granulation from the inner table. iv) When cutting across the midline, do not pass a dural guide from one side of the superior sagittal sinus to the other, because the sinus may tear.

Step 5. Detach the Gigli saw from the dural guide and saw the skull at an angle of approximately 45° to produce a beveled edge. This allows the replaced flap to rest securely against the skull margin without easily falling inward. After sawing around the flap, except at its base beneath temporalis, use a periosteal elevator to raise the upper edge (Figure 7.10f). Insert a dissector beneath the flap and separate the dura from its inner table. Fold the flap downward until the remaining bone bridge breaks. Before reflecting it downward, lift the bone flap first, then turn it down. Lift the bone flap first, then turn it down. This prevents the sharp fractured edge from pressing on and tearing the middle meningeal artery, dura or cortex. The temporalis muscle remains attached. Smooth the fractured edge, wrap the flap in cloth and secure it to the drapes.

A craniotome can create a flap of the required size and shape. First drill a burr hole in the prepared temporalis region, then replace the burr with a cutting head, consisting of a vertically rotating metal cutter with a dural guard beneath it. Insert the head into the hole and control the switch with the foot. Advance parallel to the skull while keeping the cutter perpendicular to it, continuing to the opposite burr hole. Then fracture the bone beneath temporalis. Where no muscle is attached, one burr hole may suffice: cut a circle of the required size, returning to the initial hole to free the flap.

The craniotome may tear the dura as it passes, particularly over hyperostotic frontal bone where the dura adheres firmly.

Step 6. Control bony bleeding with bone wax. Bleeding from the middle meningeal artery is controlled with bipolar coagulation or a suture ligature. Coagulate bleeding arachnoid granulations or cover them with Gelfoam and briefly apply a cotton pad until bleeding stops.

Step 7. Place dural hitch sutures around the skull margin, securing the dura to the surrounding galea or muscle to control epidural bleeding. Achieve hemostasis before opening the dura so that blood does not interfere with the brain operation.

Step 8. Before opening the dura, always assess whether intracranial pressure remains elevated. If so, lower it, for example by hyperventilation or by administering 200–300 cc of 20% mannitol over 10–15 minutes, then waiting until the dura becomes soft. When hydrocephalus is responsible, ventricular puncture and CSF removal immediately relax the brain. Open the dura only after pressure has been relieved. Opening it while pressure remains high causes brain protrusion and tearing, subarachnoid hemorrhage and further swelling, and should be avoided. Begin the incision frontally or temporally, about 1 cm from the skull edge. Lift the dura away from the cortex with a dural hook and make an approximately 0.5-cm incision with a pointed knife. Insert a dural groove beneath it and cut along the groove, which protects the cortex while the opening is enlarged. If this instrument is unavailable, place a small cotton pledget beneath the dura to protect the cortex and cut with scissors. Continue around the opening, leaving a hinge toward the superior sagittal sinus. Take particular care near the Sylvian fissure, where the dura is thicker and pushed inward by the lesser sphenoid wing. Inserting scissors may tear the Sylvian vein, with serious consequences; protect it carefully with cotton before cutting. Control middle meningeal arterial bleeding with a silver clip or suture ligature, and small bleeding points at the dural edge with bipolar coagulation. Leaving a 1-cm dural margin facilitates closure. If the dura is cut flush with the skull edge, subsequent shrinkage draws its margin beneath the bone and makes suturing difficult.

Original printed pages 596–598
Bifrontal craniotomy

A bifrontal craniotomy opens both frontal bones. It is used for a large midline frontal tumor extending into both frontal lobes, since a unilateral opening makes dissection on the opposite side difficult and dangerous. The general principles of craniotomy apply, with the following differences:

Step 1. Position the patient facing directly upward, with the head moderately extended so that gravity allows the frontal lobes to fall away and exposes the anterior cranial fossa. Make a transcoronal incision from one temple to the other behind the hairline. Reflect the scalp inferiorly until the superior orbital ridge can be seen or palpated. Opening as low as possible improves the view of a subfrontal tumor. Preserve the supraorbital nerve within the scalp flap, although accidental division has no adverse effect. Place a rolled cloth beneath the flap base to prevent folding and ischemia.

Step 2. Divide the right temporalis along its fibers near the junction of the zygoma, orbital rim and temporal fossa. On the left, if the opening does not reach the temporalis insertion, the muscle need not be divided. If the opening must extend to temporalis, divide it close to its fascial insertion at the frontotemporal ridge, leaving enough length for resuturing. Strip the muscle over the width required for the bone flap.

Incise the pericranium 2–3 cm from the orbital ridge so that it can later cover an opened frontal sinus.

Step 3. Make eight burr holes as shown in Figure 7.9g. Cut the bone above the orbital ridge as low as possible. A large frontal sinus may have to be crossed, but avoid it if possible. Remove the bridge between the holes on either side of the superior sagittal sinus with a rongeur to protect the sinus. Never pass a dural guide or Gigli saw between these two holes.

At the frontal sinus, the perforator first passes through the anterior wall. Use a fine-tipped rongeur or laminectomy rongeur to enlarge the anterior opening to the width of the perforator. The sinus mucosa may still be intact. The author prefers to separate it from the sinus wall and push it inferiorly with a cottonoid. Keeping it intact prevents infection from the nose. Then perforate the posterior wall and proceed as for the anterior wall.

Step 4. Divide the bone with a Gigli saw and lift the flap. Always dissect the superior sagittal sinus away from the inner table before lifting it. Fracture the temporal bone bridge, using temporalis as the hinge. Control bleeding from bone, dura and muscle as described above.

Step 5. If the frontal sinus has been opened, cut an appropriately sized piece of temporalis to cover the entire opening. Suture the prepared galea to the dura over the muscle as an additional layer, then close the skull.
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Closing the skull

After removing the tumor or lesion and securing hemostasis, proper closure is important. Some postoperative complications result from improper closure. Follow these steps (Figure 7.11)

Step 1. Close the dura. Place three or four initial sutures to restore its original shape. If it is taut, cut the initial hitch sutures to prevent tearing during approximation, and replace them after dural closure. Once the dura is adequately relaxed and can be tied without tearing, close it with closely spaced continuous sutures to obtain a watertight seal. Closely spaced interrupted sutures may also be used, but take longer.

If the dura has contracted so that its edges cannot be approximated, or if the brain is swollen, insert a temporalis fascia graft between the edges to reduce tension and cover the brain.

Step 2. Replace the bone flap. If bleeding persists despite bone wax, partially detach temporalis, leaving a small vascular attachment. This reduces blood flow from the muscle into the flap and helps prevent a postoperative epidural hematoma. Use a 2–3-mm drill to make corresponding holes in the skull and flap at three or four positions for secure fixation. The skull holes may pass through its full thickness, but protect the underlying brain. Limit the protruding drill bit to slightly more than the bone thickness to avoid penetrating the dura. The author prefers to drill a horizontal hole almost 1 cm deep into the diploic space, then drill through the outer table about 0.5 cm from the edge to intersect the first hole. Stop at the intersection to avoid penetration toward the brain. Drill full-thickness holes in the flap, together with two central holes for suspending the dura, reducing the epidural space and preventing expansion of a hematoma. Pass fine silver wire through each pair of corresponding holes. Pass a central dural suture through the two central flap holes. An epidural vacuum drain may be placed through a burr hole before closure. Replace the flap and twist the wires tightly. Trim their ends and tuck them into the holes to prevent skin puncture and late infection. Securely tie the central dural hitch suture. Resuture temporalis, replace the pericranium over the bone and close the scalp as described at the beginning of this chapter.

[image: Figure 7.11 Steps in closing the skull. a. Watertight continuous dural closure. b. Drill corresponding holes and pass the wire; suspend the dura at the center to secure it to the bone flap. c. Pass the wires through the prepared holes. d. Tighten each wire and tuck its ends into the holes, then close the scalp.]AI-enhanced and colorized image · Switch to view the originalFigure 7.11 Steps in closing the skull.
a. Watertight continuous dural closure.
b. Drill corresponding holes and pass the wire; suspend the dura at the center to secure it to the bone flap.
c. Pass the wires through the prepared holes.
d. Tighten each wire and tuck its ends into the holes, then close the scalp.
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Opening the posterior fossa

Suboccipital craniectomy provides access to tumors or lesions in the cerebellar hemisphere, vermis, fourth ventricle, brainstem, foramen magnum and cerebellopontine angle. The opening may be unilateral or bilateral, depending on the tumor site and size. The steps are as follows.

Step 1. Positioning is important, because the occipital bone is difficult to reach if the patient is incorrectly positioned, making posterior fossa exposure difficult.

Sitting position is the position the author most often prefers. Positioning is described at the beginning of this chapter. In particular, the head must be sufficiently flexed without kinking the endotracheal tube or causing venous obstruction. For a midline or cerebellar hemisphere tumor, flex the head directly forward without rotation. For a cerebellopontine angle tumor, slight rotation toward the tumor side may be necessary. Advantages of posterior fossa surgery in the sitting position are: i) the tumor is clearly visible at eye level, and table height can be adjusted as required; ii) venous bleeding is reduced because venous pressure is low; and iii) blood flows downward rather than pooling in the operative field. Disadvantages are: i) air embolism may occur; ii) hypotension; and iii) downward sagging of the cerebellum necessitates greater retraction.

Recumbent position is suitable for cerebellopontine angle tumors. Its advantages are: i) there is no need to fear air embolism or hypotension; and ii) less cerebellar hemisphere retraction is needed, since the cerebellum falls downward and facilitates access to the cerebellopontine angle. Disadvantages are: i) the surgeon must look downward unless using a microscope; and ii) blood pools in the operative field.

Step 2. Scalp incision. Usually make a midline incision from about 3–4 cm above the external occipital protuberance down to the C3–C4 spinous processes. Use electrocautery in the midline to divide connective tissue between the muscles on both sides and the fascia until the occipital bone and C1–C2 are visible. Detach the muscular attachments from each side of the occipital bone with electrocautery and a periosteal elevator, extending to both occipitomastoid sutures and the foramen magnum margin. A large mastoid emissary vein is present in the mastoid region; if divided, coagulate it and plug its bony opening with bone wax. During muscular dissection, bleeding may occur at individual points. Secure hemostasis before proceeding. Detach the muscle from the posterior arch of C1 no more than 1.5 cm laterally from the midline on each side; extending farther may injure the vertebral artery. After dissection, separate the muscles with a self-retaining retractor to expose the occipital bone and the entire atlas arch.

Hockey-stick and paramedial incisions are suitable for unilateral posterior fossa exposure, such as a cerebellar hemisphere or cerebellopontine angle tumor. As its name suggests, the hockey-stick incision resembles a hockey stick. Begin in the midline as described above, then extend obliquely laterally for about 5 cm at the level of the external occipital protuberance (Figure 7.12). Detach muscle from the ipsilateral occipital bone and posterior arch of C1 as described above.
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1. midline incision
2. hockey stick incision
3. paramedial incision
4. paramedial hockey stick incision
5. external occipital protuberance
[image: Figure 7.13 Suboccipital craniectomy. a. Making a skull opening with a perforator. b. Removing bone with a rongeur.]Figure 7.13 Suboccipital craniectomy.
a. Making a skull opening with a perforator.
b. Removing bone with a rongeur.
Step 3. Removing the skull bone. Make a burr hole on each side of the occipital bone (Figure 7.13). Enlarge each opening circumferentially until they meet in the midline. Extend laterally to the occipitomastoid sutures and superiorly until the transverse sinus is visible. In some patients, the bone near the external occipital protuberance and transverse sinus is too thick for a rongeur. If skull radiographs and CT show marked thickness here, before making burr holes and removing the occipital bone, use a perforator to make multiple closely spaced holes in the protuberance and other thickened areas to a depth of approximately two-thirds of the bone thickness. Removing the intervening bone leaves a thinner plate that can be removed with a rongeur. Do not drill these thick areas after craniectomy, because the perforator could slip and penetrate the brain. Inferiorly, remove the posterior margin of the foramen magnum to almost its full width. If removal of the posterior atlas arch is necessary, remove no more than 1.5 cm on each side, since extending farther could injure the vertebral artery. In a unilateral occipital opening, only the ipsilateral atlas arch may need removal. Alternatively, the occipital bone may be removed without opening the foramen magnum margin. Decide individually.

For a midline tumor, a large craniectomy is unnecessary. Determine the required dimensions from CT or MRI. CT is particularly useful in this respect. Previously, ventriculography and vertebral angiography localized a tumor but did not clearly show its shape and size, so a broad opening was necessary.

After removing the bone, apply bone wax to bleeding bone and coagulate all bleeding points on the dural surface.

Step 4. Opening the dura. Before every dural opening, assess whether the dura is bulging and tense from raised intracranial pressure. If so, remove CSF first. There are two methods. The first is ventriculostomy immediately above the lambdoid suture, 3–4 cm from the midline. Mark and prepare this incision site beforehand so it is ready for use. Inserting a tube into the occipital horn of the lateral ventricle allows CSF to drain. Continue drainage until the dura softens and the brain moves with respiration, then clamp the tube and open the dura safely. The author prefers frontal-horn ventriculostomy before positioning the patient, because it is easier to perform and manage postoperatively, and the head does not compress and kink the tube. The second method is to make a small opening in the dura and arachnoid over the cisterna magna, allowing CSF to drain until posterior fossa pressure decreases.
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b. Exposure of both cerebellar hemispheres by ligating the lower dural corner and reflecting the dura upward.
c. Exposure of one cerebellar hemisphere.
Always open the dura only when intracranial pressure is not elevated. The dura must be soft and relaxed, not tense, to avoid injury to the cerebellum and its vessels. Make a Y-shaped incision (Figure 7.14), beginning just below the transverse sinus at the two upper corners of the craniectomy and converging in the midline at the foramen magnum. An occipital dural sinus runs along the midline and may be large, causing bleeding when divided. Therefore, always suture-ligate this sinus at the lower dural corner (Figure 7.14b), then reflect the dural flap upward to expose the cerebellum. Continue the midline incision down to C1 and suture the lateral dura to muscle. In some cases, a transverse incision in this dural margin is needed before securing it to muscle, providing wider cerebellar exposure. Control dural sinus bleeding at the foramen magnum with a silver clip; bipolar coagulation may suffice elsewhere.

After a unilateral craniectomy, a single oblique dural incision followed by a transverse incision, with the dura retracted and sutured to muscle, exposes the ipsilateral cerebellar hemisphere and cerebellopontine angle.

Step 5. Locating the tumor. After opening the dura, always inspect the cerebellar hemispheres, vermis, tonsils, fourth ventricle, brainstem and cerebellopontine angle, because a tumor may lie outside the cerebellum and the cerebellum could otherwise be incised at the wrong site. The author witnessed such an error abroad when the surgeon carelessly omitted a complete posterior fossa inspection before incising the cerebellum. Clinical and radiological examination had shown a lime-sized tumor in the right posterior fossa. Exposure revealed an enlarged right cerebellar hemisphere and tonsillar herniation. Palpation of the cerebellar surface met resistance suggesting an underlying tumor, as did probing with a cannula. The surgeon incised the cerebellar hemisphere to a depth of about 3–4 cm and encountered a well-demarcated tumor. Attempted removal through the cerebellar hemisphere could not achieve complete excision and caused marked cerebellar swelling. The patient died postoperatively from brain swelling and hemorrhage around the residual tumor. Examination of the brain and tumor histology revealed a petrous ridge meningioma. The surgeon had omitted inspection of the cerebellopontine angle before incising the cerebellum and had improperly approached an extracerebellar tumor through the cerebellum. Inspection of the cerebellopontine angle would have allowed better planning.

With the remarkable ability of CT and MRI to show tumor site and size, such an error should now be rare, except when the surgeon truly lacks knowledge.

When a cerebellar hemisphere tumor is not visible on the surface, its site may be indicated by changes in the overlying folia, which become broader and paler. Abnormal vessels may be visible. Palpation may reveal resistance, or a cystic tumor may feel softer than the surrounding tissue. Probing with a cannula is another method. A vermian tumor may similarly broaden and pale the vermian folia and separate the supplying branches of the posterior inferior cerebellar artery.

Incise the cerebellar hemisphere horizontally, parallel to its folia. Always incise the vermis vertically in the midline. A horizontal incision may divide branches of the posterior inferior cerebellar artery and veins and gives poor exposure of the fourth ventricle. Coagulate small vermian vessels first, then divide and separate the vermis. The larger posterior inferior cerebellar artery branches at the junction of the vermis and cerebellar hemispheres remain intact.

For a fourth ventricular tumor or a vermian tumor projecting into that ventricle, separate the tonsils with a spatula to expose the lower fourth ventricle. To expose its upper part, divide the vermis vertically from posterior to anterior for the required distance.

Wider cerebellopontine angle exposure can be obtained by removing the lateral third of the cerebellar hemisphere, which does not add functional loss. Removing more may impair cerebellar function. Techniques for removing individual tumor types are described later.

Step 6. Closing the posterior fossa. This is an important step. Before closure, completely control bleeding from the tumor bed, dura and muscle surfaces dissected from bone. The posterior fossa contains the brainstem, and even a small hematoma may cause unconsciousness and respiratory arrest. A vacuum drain is generally not left in the posterior fossa.

There are two methods of closure: leaving the dura open, or suturing it closed as before.

For closure with the dura left open, approximate the muscles in the midline up to just above the foramen magnum. Suture the lower corner of the V-shaped dural flap, previously reflected upward, to the muscles on both sides in the midline. Secure its lateral edges to the undersurface of the muscles with interrupted sutures so that the flap continues to cover the cerebellum. Leave the dura at the craniectomy margin and atlas attached to muscle as previously sutured. Continue approximating the muscles throughout, then suture the fascia and galea and close the skin. A disadvantage is formation of a CSF collection beneath the muscles, termed a pseudomeningocele. It may bulge posteriorly when hydrocephalus develops. Over time, the uncovered cerebellar hemisphere adheres firmly to muscle, making separation difficult at another operation. Blood from muscle surfaces may also enter the subarachnoid space. A vacuum drain cannot be used because the cerebellar surface is not covered by dura. The advantage is decompression of the posterior fossa and relief of medullary compression in patients with tonsillar herniation.

Closure with the dura sutured is suitable when, after the operative work, there is no evidence of raised posterior fossa pressure or cerebellar swelling, or after a small or unilateral craniectomy. Cut the sutures securing the dura to muscle around the craniectomy, then reapproximate the original dural incision. Sometimes the dura can be closed without tearing or excessive tension. If it is tight, harvest a neck muscle fascia or galeal graft and close the dura with a watertight continuous suture. The graft relieves tension. Then suspend the dural margins from muscle around the craniectomy. Place a central dural suture and secure it to muscle to eliminate the epidural space and prevent a large epidural hematoma. Close muscle and fascia in the midline, then close the skin in two layers. This preserves dural coverage of the cerebellum, prevents pseudomeningocele and permits placement of an epidural vacuum drain if desired.
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Ventriculostomy

Ventriculostomy creates a communication with a ventricle so that CSF can flow elsewhere or outside the body, reducing CSF pressure. It is used in patients with obstructive hydrocephalus, or to introduce radiopaque media or air to investigate lesions within or near a ventricle. Injection of radiopaque media is no longer performed, since CT and MRI are more useful.

Ventriculostomy is generally performed through a frontal or occipital site. Occasionally a parietal site, as used for a ventriculoatrial shunt, may be necessary.
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Frontal ventriculostomy

The procedure may be performed under local or general anesthesia. Position the patient supine, facing directly upward, and secure the head with adhesive tape. Even slight rotation may cause an inaccurate ventricular puncture. After preparing the scalp, mark an approximately 3-cm incision just anterior to the coronal suture, which is palpable in some patients, about 2–2.5 cm from the skull midline. Ventricular cannulation is easier here than farther laterally. After sterile draping, incise along the mark and separate the scalp with a mastoid self-retaining retractor. Strip the pericranium with a periosteal elevator and make an exploratory burr hole. Control skull and dural bleeding with bone wax and bipolar coagulation. Make a cruciate dural incision with a pointed knife to expose the cortex. Incise an area without large vessels, making the opening only as wide as the cannula. Insert the cannula with its stylet toward the ventricle, perpendicular to the skull when the ventricle is large, or inclined slightly medially when it is not markedly enlarged (Figure 7.15). When the tip penetrates the ventricular wall, loss of resistance and CSF return are felt and seen. Stop advancing the cannula. Do not allow CSF to spurt out rapidly under pressure; let it drip slowly. Rapid reduction of intracranial pressure may shift the brain, causing upward cerebellar herniation and brainstem dysfunction. A No. 8 stomach tube may be used for CSF drainage. Tie a thread around it 10 cm from its tip as a depth marker during intracerebral placement. After sufficient CSF has drained and its pressure has returned to normal, withdraw the cannula and introduce the prepared tube along the cannula tract until CSF flows through it. Do not insert the tube through brain into the ventricle while intracranial pressure is high: its end and side openings may cut off pieces of brain that block the tube and prevent CSF flow. Once the tip is correctly positioned, cover the dura with Gelfoam, close the wound and secure the tube. It may be tunneled beneath the scalp to exit away from the incision. Connect it to a sterile bottle. Crucially, position the bottle so that the open end of the tube within it is about 10–12 cm above the foramen of Monro, corresponding to normal ventricular pressure. CSF drains into the bottle when pressure exceeds 10–12 cm CSF and stops when it falls to 10–12 cm. Drainage starts and stops automatically as long as the tube remains patent. Once the bottle and head levels are set, avoid changing either, to maintain the desired intracranial pressure. Reset the level whenever their positions change. Never lower the bottle below the head, because continuous drainage would cause intracranial hypotension. Always clamp the tube temporarily when moving the patient, then reset its level and reopen it.

[image: Figure 7.15 Frontal ventriculostomy. a. Burr-hole site. b and c. Trajectory into the frontal horn.]AI-enhanced and colorized image · Switch to view the originalFigure 7.15 Frontal ventriculostomy.
a. Burr-hole site.
b and c. Trajectory into the frontal horn.
A ventriculostomy may be maintained for no more than seven days. If it remains necessary, change to a new site on the opposite side. Leaving it longer risks wound and CSF infection. In general, a ventriculoatrial or ventriculoperitoneal shunt is preferable for prolonged CSF drainage.
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Occipital ventriculostomy

This may be performed with the patient sitting or prone, but is most often done in the sitting position during posterior fossa exposure. Place the burr hole adjacent to the palpable lambdoid suture, 3–4 cm from the midline. Alternatively, place it 7–8 cm above the external occipital protuberance (Figure 7.16). Make the burr hole and open the dura as described above. Direct the cannula toward the ipsilateral medial canthus to enter the occipital horn of the lateral ventricle. Once the ventricle is entered, proceed as for frontal ventriculostomy.

[image: Figure 7.16 Occipital ventriculostomy. a. Burr-hole site. b and c. Trajectory into the posterior horn.]AI-enhanced and colorized image · Switch to view the originalFigure 7.16 Occipital ventriculostomy.
a. Burr-hole site.
b and c. Trajectory into the posterior horn.
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Trephination

This is another method of opening the skull, using a rotating circular saw to remove a bone disk corresponding to the trephine diameter, which ranges from 3 to 5 cm. It is therefore suitable for a small skull opening when extensive brain exposure is unnecessary. A central pin holds the trephine in position as it rotates through the skull.

[image: Figure 7.17 Trephination. a. Trephine with its central pin and saw teeth. b. Rotating the trephine to cut the skull. c. Elevating the bone disk. d. Opening the dura.]Figure 7.17 Trephination.
a. Trephine with its central pin and saw teeth.
b. Rotating the trephine to cut the skull.
c. Elevating the bone disk.
d. Opening the dura.
Open the scalp sufficiently for the selected trephine, and retract the scalp and pericranium with a self-retaining retractor. Attach the trephine to a Hudson brace. Adjust the central pin to project about 2–3 mm beyond the saw teeth and set the guard to limit the cutting depth. Rock and press the trephine until the pin grips the bone, stabilizing it. Then rotate the trephine (Figure 7.17). The teeth gradually cut down to the inner table. Since skull thickness may not be uniform, observe whether one side has been cut more deeply and tilt the trephine to deepen the cut where required. Avoid cutting deeply enough to tear the dura. The external guard, set to the skull thickness, prevents the trephine from plunging inward. Once the bone has been divided, use a periosteal elevator to lift the disk (Figure 7.17). Secure hemostasis in bone and dura before proceeding with brain surgery. For closure, replace the disk, secure it with silver wire and close the scalp in layers.
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Treatment of individual brain tumor types
(Specific management of individual brain tumors)

As discussed in the pathology chapter, many types of tumor occur in the brain, including primary tumors and metastases from elsewhere. Each has a different natural history. Some are malignant, growing and impairing brain function rapidly; others are benign and grow slowly. Treatment therefore differs among tumor types. Tumor site and size are also important considerations in surgical treatment. Even benign tumors require different treatments and operative approaches when they involve vital brain centers.

Surgical treatment has three main objectives:

i) Complete removal when the tumor is accessible and removal will not cause loss of brain function or life.

ii) Obtaining tumor tissue for histological identification to guide the choice of other treatments in conjunction with surgery.

iii) When complete removal is impossible, reducing tumor size to relieve local and generalized intracranial pressure and improve symptoms for a time.

When tissue cannot be obtained to identify the tumor, whether radiotherapy should be given may be debated. The author believes that the tumor site and appearance on skull radiographs, CT and MRI, together with the patient’s age and clinical syndrome, should be considered. Previous experience with the characteristic age distribution, location, CT appearance and radiosensitivity of each tumor type can support radiotherapy in selected cases. Nevertheless, if the tumor can be approached without a major risk of loss of brain function, or the patient is fit enough for surgery, tissue should be obtained for identification in every case, for three reasons:

i) To support the clinical and radiological diagnosis.

ii) To compile accurate statistics on tumor types.

iii) To provide a sound basis for radiotherapy when the tumor is known to be radiosensitive, with benefit through shrinkage or disappearance.

The surgical approach must take account of the tumor’s site, size, extent, vascularity, histology and radiosensitivity, as well as the patient’s neurological and general condition.

Individual tumor types at their various sites and the corresponding operative techniques are described in detail below.
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Tumors of neuroglial cells

Tumors arising from the various neuroglial cells—astrocytes, oligodendrocytes, microglia and ependymal cells—are collectively called gliomas. They are the most common brain tumors, accounting for 40–45% of all brain tumors(28). Because they arise within brain tissue and infiltrate without clear boundaries, complete surgical removal is difficult. Although modern techniques and instruments permit earlier diagnosis and easier removal, they still cannot cure the disease; surgery only prolongs postoperative survival. No method can distinguish the full extent of these tumor cells from normal brain, even with an operating microscope. Gliomas can therefore be treated but are usually not cured.

Surgical treatment of gliomas generally offers three alternatives:
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Method 1: Craniotomy with removal of the tumor alone

The tumor is excised or aspirated without lobectomy. Success depends on removing it without adding to the patient’s pre-existing neurological deficits, which is difficult for the surgeon. New instruments, including the operating microscope, carbon dioxide laser, ultrasonic aspirator and bipolar coagulator, make removal easier, even for large tumors, while reducing injury to healthy brain. The surgeon should always stop resection on reaching functionally important brain tissue. In addition to removing as much tumor as possible, this operation immediately reduces intracranial pressure, as shown by relaxation of the brain after removal. The patient may then experience a further period without focal symptoms or symptoms of raised intracranial pressure. In general, prolonged survival after glioma surgery correlates with the extent of resection. This method usually leaves some tumor behind, which later gives rise to recurrence.

There are two reasons for attempting the most complete removal possible. i) In some patients and locations, a glioma is not markedly infiltrative and its boundary can be identified. Hemiparesis or dysphasia may result from compression and associated local edema. Radical removal should therefore permit functional recovery and longer survival than limited removal. ii) If the tumor has infiltrated functionally important brain tissue, that tissue has already been destroyed and rendered nonfunctional. Resection within the visible tumor boundary should therefore not add neurological deficits, while reducing local pressure and intracranial pressure. Nevertheless, radical resection remains impossible in some patients.

The removal technique is described in the illustrative cases that follow.

Original printed page 618
Method 2: Lobectomy

This removes the tumor together with a margin of healthy brain beyond its boundary, in the hope of complete excision. It is suitable for gliomas at the frontal, temporal and occipital poles, which can be removed without loss of brain functions important for daily living. Some sites may incur functional loss, but not disabling impairment; for example, occipital lobe removal causes homonymous hemianopia.

From experience with this method, gliomas can still recur. Some tumors are not truly confined to the pole but infiltrate widely toward important areas, such as Broca’s and motor areas, or, in the temporal lobe, toward the Sylvian fissure or insula. These extensions limit resection. Even when CT shows a well-defined mass, histology reveals tumor cells extending beyond its macroscopic margin into surrounding brain, where they subsequently grow into another mass. This operation prolongs survival.

Original printed pages 618–622
2.1 Frontal lobectomy

This procedure is suitable for gliomas in the frontal pole, particularly unilateral tumors in the non-dominant hemisphere. It can also be performed in the dominant hemisphere.

Technique. Place the patient supine, with the face turned approximately 15–20° away from the side of the tumor. Make a transcoronal incision behind the anterior hairline to conceal the scar. On the side of the craniotomy, extend the incision down to the superior border of the zygoma, no more than 2 cm anterior to the tragus, to avoid injuring the frontal branch of the facial nerve. Dissect and reflect the scalp flap anteriorly to expose the frontal bone, orbital ridge, and temporalis muscle. Make a craniotomy with its anterior edge close to the orbital ridge to provide easy access to the frontal pole. Place its medial edge approximately 1–1.5 cm from the midline, its posterior edge slightly behind the coronal suture (approximately 1 cm), and its inferior edge at the level of the squamosal suture of the temporal bone. This exposes the anterior Sylvian fissure, which helps identify the positions and relationships of the various structures.

After opening the skull, if the dura is tense, institute hyperventilation or administer 300 cc of 20% mannitol intravenously over 10–15 minutes. Once intracranial pressure has decreased and the dura is relaxed, open the dura with its flap based adjacent to the superior sagittal sinus. This opening exposes the superior, middle, and inferior frontal gyri. In the dominant hemisphere, the posterior third of the inferior frontal gyrus contains Broca's motor speech center, which must be preserved and not injured. The anterior temporal lobe, Sylvian fissure, and lesser wing of the sphenoid are also visible.

Resection of brain tissue. In a normal brain without hydrocephalus, resection of the frontal lobe along a vertical line extending upward from the anterior tip of the temporal lobe, or from the edge of the lesser wing of the sphenoid, generally does not enter the anterior horn of the lateral ventricle (Figure 7.18). Frontal lobectomy should therefore be performed transversely along this line or anterior to it, as appropriate. Resection may begin in the cortex of the inferior frontal gyrus, using bipolar cautery to coagulate the vessels and scissors to divide them. Then use suction to remove the brain tissue transversely, proceeding from the inferior to the middle and superior frontal gyri and deepening the resection uniformly to maintain a broad view. Use a spatula to retract the part of the frontal lobe to be removed. Avoid touching or retracting the brain that is to be preserved, as this may cause further damage. During suction resection, vessels may be drawn up with the tissue; coagulate and divide them. Preserve the major branches of the cortical veins draining into the sagittal sinus with the brain that is to remain, to avoid cerebral swelling. Divide cortical veins close to the cortex, rather than near the superior sagittal sinus. As suction resection proceeds deeper, direct it toward the base of the frontal lobe. If the anterior part of the frontal horn is entered, cover the opening carefully with a cottonoid to prevent blood entering the ventricle. Remove the cottonoid at the end of the operation and plug the opening with Gelfoam. Medially, keep the frontal lobe resection anterior to the genu of the corpus callosum and the anterior cerebral artery. Coagulate or clip and divide the ipsilateral frontopolar artery running along the medial frontal lobe. When resecting the inferior frontal gyrus, avoid injuring the Sylvian vessels by keeping the resection anterior to the Sylvian fissure throughout. At the base of the frontal lobe, the olfactory nerve and bulb and the vessels running along the nerve will be seen. Try to preserve these structures, both to prevent CSF leakage through the cribriform plate and to preserve the sense of smell. Coagulate and divide the veins and arteries adjacent to the pia-arachnoid at the frontal base; the frontal pole can then be removed. If the tumor extends posterior to the resection plane, remove as much as possible with suction without damaging functionally important brain tissue. Before closing the dura, irrigate and secure complete hemostasis. Cover the cut surface of the remaining frontal lobe with Gelfoam and close the dura tightly. Before placing the final stitch, fill the cavity with saline to expel all air, to prevent postoperative headache.

[image: Figure 7.18 Left frontal lobectomy for a glioma in the prefrontal area. Note preservation of Broca's center, the anterior cerebral artery, the genu of the corpus callosum, and the anterior part of the frontal horn.]Image enhanced and colorized with AI · Switch to view the original imageFigure 7.18 Left frontal lobectomy for a glioma in the prefrontal area. Note preservation of Broca's center, the anterior cerebral artery, the genu of the corpus callosum, and the anterior part of the frontal horn.
Disadvantages of frontal lobectomy. Generally, this procedure does not cause an obvious loss of cerebral function such as hemiparesis or dysphasia, because the motor speech area and motor area are not damaged. However, patients may become slow in thinking, lack interest in activities, or tend to remain inactive. These changes are especially noticeable after surgery on the dominant hemisphere. Some patients may have impaired recent memory.(29)
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2.2 Temporal lobectomy

This procedure is suitable for gliomas in the temporal pole and may be performed in either the dominant or non-dominant hemisphere.

Technique. Place the patient supine with the face turned to the opposite side. Elevate the shoulder on the operative side with a sandbag to avoid excessive neck rotation, which may cause venous obstruction in the neck. After skin preparation and draping, make a question-mark incision starting 1.5 cm anterior to the tragus, above the superior border of the zygoma, curving posteriorly above the ear and then forward (Figure 7.9). This incision preserves the frontal branch of the facial nerve and the superficial temporal artery. Make the craniotomy as low in the temporal fossa as possible, leaving the temporalis muscle attached to the bone flap. After opening the skull, remove the squamous temporal bone down to the floor of the temporal fossa. If bleeding occurs from the middle meningeal artery, control it by suture ligation. Then open the dura, beginning in the temporal region, with the dural flap based toward the vertex.

Resection of brain tissue. After opening the dura, the Sylvian fissure, superior and middle temporal gyri, and part of the inferior temporal gyrus are visible. Most of the inferior temporal gyrus lies on the inferior surface of the temporal lobe. The tip of the temporal lobe is hidden beneath the lesser wing of the sphenoid. The temporal lobe may be resected to a maximum of approximately 5–6 cm posterior to its anterior edge without loss of functions essential to daily living. Remember that approximately 2 cm of the anterior temporal tip lies beneath the lesser wing and must be included in this measurement. In addition to measuring distance, a reliable anatomical landmark can guide the resection: the junction of the Rolandic and Sylvian fissures. Temporal lobe resection must always remain anterior to this point. Resection of the superior and middle temporal gyri posterior to it in the dominant hemisphere would remove part of Wernicke's sensory speech center. The inferior anastomotic vein of Labbé can be an unreliable landmark because its position varies.

Use suction and a bipolar coagulator for the resection. Begin along the length of the superior temporal gyrus, from anterior to posterior, stopping just anterior to the junction of the Rolandic and Sylvian fissures and remaining approximately 1 cm from the Sylvian fissure. Throughout the resection, avoid entering the Sylvian fissure or insular cortex (Figure 7.19). Do not cut through the pia-arachnoid separating the insula and middle cerebral artery, as injury to the artery or its branches may cause postoperative hemiparesis. Coagulate and divide the branches of the middle cerebral artery crossing to supply the temporal lobe. When the superior temporal gyrus has been resected to the planned posterior limit, continue transversely downward through the middle and inferior temporal gyri, again using suction and bipolar coagulation, toward the floor of the middle fossa. Near the temporal horn, avoid opening it because this may lead to postoperative complications such as a tension cyst. If the temporal horn is entered, plug the opening securely with Gelfoam. If a large draining vein is encountered, preserve it until the final stage before dividing it, to avoid cerebral swelling during surgery. The uncus and parahippocampal gyrus on the medial side of the temporal lobe may also be resected if infiltrated by tumor. Leave some of the medial surface of the uncus to protect the optic tract. During surgery in this region, avoid injury to the oculomotor nerve and posterior cerebral artery, which lie medial to the uncus and parahippocampal gyrus.

[image: Figure 7.19 Temporal lobectomy for a glioma in the anterior temporal lobe, showing the resection line.]Image enhanced and colorized with AI · Switch to view the original imageFigure 7.19 Temporal lobectomy for a glioma in the anterior temporal lobe, showing the resection line.
Sequelae of temporal lobectomy. Homonymous superior quadrantanopia is commonly encountered. It may involve part or all of the quadrant, depending on the extent of resection. In patients with temporal lobe gliomas, this deficit may already be present before surgery.
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2.3 Occipital lobectomy

This procedure is suitable for gliomas in the occipital lobe. It may be performed with the patient sitting or recumbent. In the recumbent position, place the patient semiprone or on the side, with the operative side uppermost, the face directed toward the floor, and the occiput uppermost. After skin preparation, make an inverted U-shaped incision to preserve the occipital artery and nerve. Make a craniotomy with its medial edge approximately 1.5 cm from the midline. At its lower edge, make 2 burr holes approximately 1.5 cm above the transverse sinus, then cut the bone obliquely downward toward each other, crossing the transverse sinus. The remaining bone is fractured when the bone flap is elevated. Open the dura approximately 1.5 cm above the transverse sinus, with the flap based beside the superior sagittal sinus.

In the non-dominant hemisphere, occipital lobe resection may begin approximately 6 cm from the occipital pole. In the dominant hemisphere, no more than 4 cm should be removed to avoid damaging the angular gyrus, which forms part of the sensory speech center. Resect the brain in the same manner as for frontal lobectomy, using suction and bipolar coagulation. Medially, branches of the posterior cerebral artery supplying the occipital lobe will be encountered; coagulate or clip and divide them. After completing the parenchymal resection, coagulate or clip the cortical veins draining into the transverse sinus, torcula Herophili, and superior sagittal sinus. The occipital pole can then be removed. As with lobectomy elsewhere, take care not to enter the occipital horn.

Functional loss after occipital lobectomy. If occipital lobectomy is performed correctly, the only visual field loss will be contralateral homonymous hemianopia. However, if resection in the dominant hemisphere extends too far anteriorly, nearly to the junction of the occipital, parietal, and temporal lobes, it will impair reading (dyslexia), writing (dysgraphia), and calculation (dyscalculia). If Wernicke's area is resected, the patient will have sensory dysphasia.
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Method 3: Biopsy

Biopsy obtains tumor tissue for identification of its type, helping guide the use of additional treatments such as radiotherapy. It is suitable for deep tumors in critical locations, such as the thalamus, basal ganglia, or near the third ventricle. Attempting to remove an entire tumor in these areas would be dangerous and cause further functional loss. Either needle biopsy or open biopsy may be used. CT and stereotaxis are now used to guide the needle accurately into the tumor(30,31) A needle biopsy from only one site may not reliably establish the nature of the tumor, because different parts of a glioma may show different degrees of malignancy. The periphery is usually less malignant than the central region. CT guidance overcomes this problem by allowing samples to be taken from several sites. Nevertheless, the procedure can cause intratumoral hemorrhage that cannot be controlled immediately, and the patient may deteriorate.

Open biopsy involves craniotomy and exposure of the tumor, followed by removal of a portion large enough for histological examination. This allows the surgeon to inspect the tumor directly and, in some cases, recognize its type. It also permits control of bleeding caused by the biopsy.

None of the 3 surgical methods for gliomas described above is ideal, because they cannot yet cure the disease. Additional treatment, including radiotherapy and chemotherapy, which remains experimental, is still needed to prolong survival. Treatment of gliomas must therefore be individualized to determine the best method for each patient, considering the location and natural history of the particular tumor type, as discussed below. An account of the natural history of each tumor is consequently needed to explain its treatment.
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ASTROCYTOMA

Astrocytoma is a brain tumor arising from astrocytic cells. It grows by infiltration and lacks a clearly defined boundary. It accounts for approximately half of all gliomas. Within the cerebral hemispheres, astrocytomas occur most frequently in the frontal lobe, followed by the temporal and parietal lobes; the occipital lobe is rarely affected. Most occur in middle age, with a peak incidence at approximately 34–45 years(32)

Astrocytomas may also arise in the thalamus, hypothalamus, optic nerve, chiasm, brain stem, and cerebellum. Tumors at the last 5 sites are common in children and will be discussed separately by location. Cerebellar astrocytoma has a better prognosis than cerebral hemispheric astrocytoma because it often consists of a large cyst with a small mural nodule in its wall. Removal of the mural nodule may cure the patient.

Some astrocytomas arise near the genu of the corpus callosum and extend into the frontal lobe and cingulate gyrus on the same side or on both sides. Psychiatric symptoms may be the initial presentation.

Astrocytomas may be subdivided according to the predominant tumor cell type into fibrillary, protoplasmic, and gemistocytic astrocytomas. Each has characteristic cell shape, cytoplasm, and astrocytic fibrils (see the pathology chapter). They have also been classified by degree of malignancy. Kernohan(33) divided astrocytomas into 4 grades: grade 1 is the most benign; grade 2 corresponds to anaplastic astrocytoma in the WHO classification(34) and has greater malignancy; grades 3 and 4 are the most malignant, termed glioblastoma multiforme or poorly differentiated glioma.

Fibrillary astrocytoma is the most common benign form among tumors of the various astrocytic cell types. In the cerebral hemispheres, however, it is less common than glioblastoma multiforme(35) Hemispheric astrocytomas may sometimes develop a cyst (Figure 7.23). The cyst contains straw-colored fluid and contributes substantially to raised intracranial pressure and focal neurological deficits. Surgical drainage of the cyst can greatly improve neurological symptoms. It is a palliative treatment for tumors in locations where complete removal is not possible.

Because astrocytoma is a benign tumor, metastasis or spread through the cerebrospinal fluid pathways has not been observed. Recurrence after the first operation is nevertheless common because the tumor infiltrates critical brain regions, such as the motor area, thalamus, and hypothalamus. Extensive resection along this infiltration is not possible without loss of brain function or life. The tumor may therefore be considered malignant by location, since it cannot be completely removed.

Symptoms and signs. Regardless of its cell type, astrocytoma produces the 2 main groups of symptoms described above: general symptoms of raised intracranial pressure and focal symptoms corresponding to its location in the brain. These symptoms do not identify the tumor type. However, the speed with which symptoms and signs develop may help indicate whether the tumor is malignant or benign.

Focal symptoms may be irritative, destructive, or a combination of both. Astrocytoma most often presents with seizures, which may be focal, Jacksonian, or generalized. Temporal lobe tumors may cause uncinate fits or psychomotor epilepsy. Seizures are common when the tumor is in or near the motor cortex, and a history of seizures often precedes diagnosis by years, generally 1–2 years. Diagnosis is now made earlier because CT and MRI are highly effective investigations, prompting physicians to refer patients with these symptoms for imaging at an early stage. Deficits such as limb weakness do not develop as rapidly as in glioblastoma multiforme, because the benign tumor grows slowly by infiltration. In some cases CT clearly shows an extensive area of low density due to astrocytoma, yet with very little mass effect.

Symptoms of raised intracranial pressure—headache, vomiting, and blurred vision—are less common than in malignant glioma or glioblastoma multiforme. This is illustrated by CT showing a large low-density astrocytoma without midline shift (Figure 6.96).

Cerebellar astrocytoma is benign, occurs predominantly in children, and commonly involves a cerebellar hemisphere. Patients therefore have ipsilateral cerebellar signs: ipsilateral ataxia, dysmetria, dysdiadochokinesia, hypotonia, and nystagmus. Symptoms of raised intracranial pressure subsequently develop as the fourth ventricle is compressed and obstructed.

Astrocytomas of the brain stem, hypothalamus, optic nerve, and chiasm will be discussed under their respective headings.
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Diagnosis

In addition to taking the history and examining for the signs described above, special radiological investigations help establish an accurate diagnosis.

1. MRI is currently the best investigation, clearly demonstrating the extent of the tumor even when it is poorly visualized on CT. For example, if the tumor is only slightly hypodense or nearly isodense with brain tissue on CT, MRI demonstrates it better.

2. CT scanning is another accurate diagnostic method, but is inferior to MRI for low-grade astrocytoma. The tumor appears as a low-density area and is not better visualized after contrast enhancement, whereas MRI shows it more clearly.

3. Skull radiographs may show small clusters of calcification scattered throughout the tumor. Raised intracranial pressure may cause changes in the sella turcica or separation of the cranial sutures; these latter changes are not specific to astrocytoma.

4. Cerebral angiography shows an avascular region at the tumor site, without a tumor blood supply; only displacement of nearby vessels is seen. This differs from glioblastoma multiforme, which has numerous newly formed, abnormal vessels supplying the tumor.
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Treatment

As already stated, astrocytomas or gliomas are treatable, but most cannot be cured because there is still no ideal method of removing all the tumor without destroying function in the brain it has infiltrated. Treatment is therefore directed toward relieving symptoms and providing a period of better quality of life or minimal disability. Attempts at complete removal are generally difficult to accomplish and often cause immediate deficits such as hemiplegia, aphasia, or hemianesthesia, imposing suffering on both the patient and family. The surgeon should bear this in mind and exercise judgment during the operation about when to stop, so as to avoid further loss of brain function, and then use other treatments.
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Surgical treatment of cerebral hemispheric astrocytoma

The method of tumor removal must be planned according to its location, size, and characteristics (solid, cystic, anaplastic, and vascularity). In general, the 3 surgical options for glioma are those described above. At present, the author prefers direct tumor resection because excellent surgical instruments are available. Lobectomy is now very rarely performed, except when the tumor lies at the pole of a lobe, cannot be completely removed, and raised intracranial pressure persists. In that situation, a lobectomy is needed to reduce intracranial pressure and prolong survival.

Osteoplastic craniotomy for this tumor is performed in the usual manner described at the beginning of the chapter. The opening should be wide enough to show the cortical anatomy. Before opening the dura, assess whether it is tense from raised intracranial pressure. If so, first reduce the pressure by hyperventilation or 20% mannitol at 1 g/kg body weight, approximately 200–300 cc for an adult. Wait until the dura relaxes before opening it. Opening the dura while the pressure is high causes cerebral herniation and may rupture or tear the brain.

After opening the dura, inspect the cortex for changes. In some cases the tumor is clearly visible at the surface (Figure 7.21). The affected gyri are enlarged and pale yellowish, unlike normal cortex. Displacement of vessels and normal cortex is readily apparent. In some cases a cyst containing straw-colored fluid is visible at the brain surface (Figure 7.23)

When a glioma lies beneath the cortex (subcortically), cortical changes may or may not be apparent, depending on the size and depth of the tumor. A superficial tumor broadens and pales the overlying cortex. Also inspect the cortical veins. In glioblastoma multiforme or malignant glioma, some cortical veins may be enlarged and contain arterialized blood (Figure 7.28A). This indicates shunting of arterial blood within the malignant tumor. Gently palpating the cortex with a wet index finger (never a dry finger, which may cause subpial hemorrhage), together with reviewing the CT and angiogram, helps localize the tumor. A non-cystic tumor may feel firm, whereas a cystic tumor feels soft. Seek the softest area, corresponding to the part of the cyst nearest the brain surface. Make a small cortical incision of approximately 2–3 mm and pass a cannula through the cortex toward the tumor. Resistance will be felt when the cannula enters solid tumor. If it enters a cyst, resistance disappears and straw-colored fluid is obtained.

Real-time ultrasonography is now used during brain surgery to identify the location and extent of a tumor(36,37,38), enabling accurate access to subcortical tumors and increasing the surgeon's confidence.

When opening the cortex to reach the tumor, choose the point where it lies closest to the surface, guided by cortical changes and the feel of the cannula as it reaches the tumor. Avoid incising clinically important cortex, such as the motor and speech areas. However, if the tumor is at the surface of the motor cortex and that cortex is very thin, an incision may be made there because its function has already been lost. The important point is to make the incision transverse to the length of the precentral gyrus or motor cortex. Do not incise longitudinally along the motor cortex, as this would extend the loss of motor function (Figure 7.20)

Since the introduction of loupes and microscopes for brain tumor surgery, a long cortical incision has become unnecessary; 2–3 cm is sufficient. Illumination from a coaxial headlight and the microscope gives a clear, broad view at depth and permits tumor removal. Once the cortex has been opened to the tumor, use a self-retaining brain retractor on both sides to improve the view and free both of the surgeon's hands. Resect only tissue that looks different from normal brain: tumor is grayish with a pink tinge and is usually easily removed by suction. The following cases illustrate the method of removal.

[image: Figure 7.20 Cortical incision for a tumor beneath the motor cortex. A. An incision transverse to the motor cortex, preserving major branches of the middle cerebral artery, sacrifices less motor cortex. B. An incision along the length of the motor cortex sacrifices more motor cortex.]Image enhanced and colorized with AI · Switch to view the original imageFigure 7.20 Cortical incision for a tumor beneath the motor cortex.
A. An incision transverse to the motor cortex, preserving major branches of the middle cerebral artery, sacrifices less motor cortex.
B. An incision along the length of the motor cortex sacrifices more motor cortex.
Case 1: Parasagittal glioma of the posterior frontal lobe adjacent to the motor cortex. A 36-year-old patient first had clonic seizures of the left leg approximately 1 year earlier and received anticonvulsants at a provincial hospital. There were another 3–4 seizures over the next 6 months. Six months before admission, the patient began to have headaches without vomiting or blurred vision; analgesics relieved the pain. Three months before admission, mild left leg weakness appeared and gradually progressed. On the day of admission, a seizure began in the left leg and became generalized. Afterwards, the patient could not move the left leg for several hours. Examination showed mild spastic monoparesis of the left leg. A brain tumor in the leg area of the right motor cortex was diagnosed. Right carotid angiography showed an avascular parasagittal tumor in the posterior frontal lobe. At surgery, opening the dura revealed a tumor on the surface of the posterior superior frontal convolution, adjacent to the motor cortex (Figure 7.21). The cortex was widened and pale yellowish. The tumor had a very sparse blood supply compared with the vessels of the normal cortex, a characteristic appearance of astrocytoma. Displacement of the cortical vein was obvious. From its surface the tumor appeared circumscribed, but its deep portion might lack a defined boundary. The motor cortex was clearly infiltrated in some areas and compressed in others, explaining the seizures and weakness of the left leg.

[image: Figure 7.21 Operative photograph of a glioma in the superior frontal convolution adjacent to the right motor cortex.]Figure 7.21 Operative photograph of a glioma in the superior frontal convolution adjacent to the right motor cortex.
In this patient, surgery had to be planned to remove only the tumor and protect 3 structures: 1) the motor cortex; 2) the cortical vein, which is particularly important in this region, as tearing it may cause cerebral swelling and death; and 3) the anterior cerebral artery and its branches above the corpus callosum and cingulate gyrus, which also supply the tumor.

Tumor resection. This portion of the superior frontal gyrus had been destroyed by the tumor and had lost all function; its removal would therefore cause no further deficit. Begin by coagulating and dividing small vessels at the tumor margin. Then use suction and bipolar coagulating forceps to remove the tumor, working outward from its center. Send a large specimen for histological identification. Coagulate or clip and divide branches of the anterior cerebral artery supplying the tumor, taking care not to injure the callosomarginal or pericallosal arteries. Initially use a large suction tube, working from anterior to posterior. Near normal brain, change to a smaller tube and reduce suction to avoid injury. Removing the tumor over a broad area provides a view in all directions without a retractor (Figure 7.22). Do not retract the motor cortex, as this may cause ischemia or tearing with hemorrhage. Once part of the tumor has been removed, the cortical vein relaxes. Cut the arachnoid membrane beside and parallel to the vein to separate it from the tumor. Cover the vein completely with cotton to protect it, then remove the adjacent tumor with a small suction tube at low pressure. In this location, the tumor can be removed widely anteriorly, laterally, and medially. Posteriorly, however, some tumor attached to the motor cortex may have to remain; attempting complete removal could increase motor deficits.

After tumor removal, obtain meticulous hemostasis, especially where residual tumor remains, since it may bleed later. Close the dura tightly, followed by the skull and skin in layers.

Histological examination in this case showed a grade 2 protoplasmic astrocytoma. This tumor is soft and gelatinous and can be aspirated more easily than fibrillary astrocytoma. The patient received postoperative radiotherapy.

[image: Figure 7.22 Resection of a glioma in the posterior superior frontal convolution (from Figure 7.21). Note preservation of the important large cortical vein and anterior cerebral artery.]Image enhanced and colorized with AI · Switch to view the original imageFigure 7.22 Resection of a glioma in the posterior superior frontal convolution (from Figure 7.21). Note preservation of the important large cortical vein and anterior cerebral artery.
Case 2: Temporal lobe cystic astrocytoma. A 26-year-old Thai man had intermittent headaches for more than 1 year, relieved by analgesics. In the 2–3 months before admission the headaches progressively worsened and no longer responded to analgesics. Vision in both eyes became blurred, with occasional diplopia. The left arm and leg became progressively weaker, without numbness. He sometimes felt slightly unsteady when walking. One day before admission, clonic seizures began in the left side of the face and the left arm and then became generalized. Initial examination showed papilledema, left homonymous quadrantanopia, and mild weakness of the left arm and leg.

Right carotid angiography demonstrated a large avascular temporal lobe tumor with a patch of small vessels supplied by the middle cerebral artery. Exploratory craniotomy and opening of the dura revealed a cystic tumor at the surface of the posterior half of the temporal lobe, containing straw-colored fluid (Figure 7.23). The posterior portions of the superior and middle temporal gyri had been completely destroyed. Arterialized blood in the cortical vein over the cyst suggested malignancy, although the presence of such a large cyst made malignancy less likely.

[image: Figure 7.23 Operative photograph of a cystic astrocytoma in the posterior temporal lobe, containing straw-colored fluid and a mural nodule.]Figure 7.23 Operative photograph of a cystic astrocytoma in the posterior temporal lobe, containing straw-colored fluid and a mural nodule.
Tumor resection. In this case the tumor was in the right hemisphere, so the sensory speech center was not a concern; only the distal middle cerebral artery required particular care. Such cystic tumors often contain a solid component, or mural nodule, with a relatively clear boundary. This appearance is common in cerebellar astrocytoma. In some cases, however, there is no discrete mural nodule, and the solid component usually lies on the inner side, deep to the brain surface. First open and drain the cyst to reduce intracranial pressure. Coagulate and divide the vessels and cyst wall around its margin to expose the interior. In this case a distinct pinkish-gray mural nodule projected into the cavity. A branch of the middle cerebral artery supplied it from above and medially. Begin separating the tumor by incising the cyst wall at a distance of approximately 1–2 cm around the nodule (Figure 7.24). In fact, there is no fixed rule for how close to or far from the nodule the incision should be. Observe how far tumor-like tissue extends around it and incise slightly beyond that area. Dissect along the tumor margin, trying to remain outside its boundary. When a branch of the middle cerebral artery is seen, follow it to the small branches supplying the tumor, then coagulate and divide them to disconnect its blood supply. Use suction and bipolar coagulating forceps to separate the tumor from the surrounding normal brain; the nodule should then come away easily. When the dissection reaches the temporal horn of the lateral ventricle, try to avoid entering it. If it is entered, prevent blood from falling inside by covering the opening with cotton. Remove the cotton once tumor resection and hemostasis are complete, then plug and cover the opening with Gelfoam. Finally, close the dura tightly.

[image: Figure 7.24 Resection lines for a cystic glioma with a mural nodule.]Image enhanced and colorized with AI · Switch to view the original imageFigure 7.24 Resection lines for a cystic glioma with a mural nodule.
In this case, the clearly demarcated solid tumor was completely removed (Figure 7.25). Histology showed fibrillary astrocytoma. The cyst wall need not be removed if it shows degeneration and gliosis and is therefore not growing. This can be recognized while incising the wall at the cyst margin away from the mural nodule: it is yellowish-white, without the pinkish-gray areas characteristic of glioma. At 13 years of follow-up, this patient remained well, without symptoms of recurrence. This case illustrates a cystic astrocytoma of the cerebral hemisphere in which, fortunately, the tumor formed a discrete mass, unlike most other cases, which are infiltrative. Complete removal of the mass cured the patient. Thus, a cystic astrocytoma of the cerebral hemisphere with a mural nodule can have a favorable prognosis, like a cystic astrocytoma of the cerebellar hemisphere. A degenerated cyst wall does not cause tumor recurrence. However, if tumor spreads within the cyst wall without forming a nodule, it must be carefully aspirated, resected, and separated from normal brain. The principle is always to remain within the tumor boundary and avoid damage to normal brain, especially clinically important areas. Meticulous hemostasis is essential because residual tumor may cause postoperative hemorrhage.

[image: Figure 7.25 A completely resected glioma. Note the surrounding normal brain tissue.]Figure 7.25 A completely resected glioma. Note the surrounding normal brain tissue.
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