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The statements and recommendations set forth in this report, including
those regarding flying status, are those of the contributors and do not
necessarily reflect the official positions of the American Medical Association,
American Academy of Neurology, or American Association of Neurological

Surgeons.
Authority to issue or deny civil medical certificates to pilots rests

with the Federal Aviation Administration.
This study was supported by Contract DOT-FA77WA-4076 from the Federal
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FOREWORD

On August 16, 1977, the Federal Aviation Administration (FAA) soli-~
cited a proposal from the American Medical Association (AMA) for an authori-
tative document concerning the current state of knowledge about selected neuro-
logical and neurosurgical conditions. This report was required in connec-
tion with FAA review of regulatory standards, examination procedures, and
decisions about medical certification of airman applicants.

AMA received the FAA proposal on August 22, and Drs. A. J. Finkel and
R. J. Jones asked the staff of AMA's Department of Environmental, Public, and
Occupational Health to consider it. We noted the proposal called for a tech-
nical dissertation which outlined plans for the initiation and implementation
of the report, together with a time schedule and cost estimates. Of critical
importance was the very short deadline, September 30, for final approval and
acceptance by FAA of an AMA proposal.

There were several reasons why department staff accepted the challenge.

First, we believed AMA thereby could render a valuable scientific service to
the nation's pilots and medical practitioners. Then, the proposed study invol-
ved aspects of occupational health, a major concern of department members.

And finally, we believed we could work effectively with the major professional
groups who could help us prepare a truly authoritative document.

From the beginning, we recognized it was essential to involve the Ameri-
can Academy of Neurology (AAN) and the American Association of Neurological
Surgeons (AANS). Therefore, on September 8 we met with representatives of
AAN and AANS to discuss the proposal and to solicit their assistance. Their
representatives were enthusiastic about the project and the Associations agreed
to participate in it. With this assurance, the AMA proposal was developed,
submitted on September 16, reviewed by the FAA, and accepted on September
30, 1977.

The methods by which the AMA staff developed the project may be instruc-
tive. In October, 1977, a "'Steering Committee" was formed, composed of two
members each, representing the AAN, AANS, and AMA. Members of the Steering
Committee, established to provide guidance, support, and coordination of the
project, were: Drs. Calvin B, Early and Russel H. Patterson, Jr., represent-
ing AANS; Drs. John R. Calverley and Edward A. Liske, Jr., representing AAN;
and Dr. Theodore C. Doege and Mr. Frank W. Barton of the AMA staff.

On November 14, the Steering Committee met at the O'Hare Hilton, near
Chicago, to discuss the conditions and diseases which the document should
consider and to select medical experts who could lead efforts to develop au-
thoritative statements about these conditions. Also attending the meeting
were officers of AAN and AANS, and a representative of FAA. The Steering
Committee agreed to consider 8 major topics, ranging from cancer, through
head injury and headache, to syphilis and syringomyelia. They also selected
expert physicians to serve as panel chairmen and compiled a roster of prospec-
tive members, from which the chairmen were requested to select neurologists
and neurosurgeons for their panels.
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Qualifications and credentials for panel membershio included experience
in the field, peer recognition, and demonstrated ability to produce scholarly
publications. The Steering Committee also sought broad national representation
of educational institutions and geographic areas. Anticipating the pending
submission date of the report, the Committee requested each panel to review
their assigned conditions and submit, by June 9, 1978, a referenced statement
considering criteria and methods for diagnosis, treatment, prognosis, and
recommendations.

To aid in reaching consensus and to lend authority to the specific panel
reports, the Steering Committee planned a conference at the O'Hare Marriott
Hotel, on July 11-12, 1978, during which panel members, invited guests, and
Steering Committee members discussed previously circulated panel statements i
and issues arising from them. Later in the two-day conference, the panels
met to revise their statements, considering the discussions and input of
conference participants. Following editing and revision, AMA staff sent
a final draft report to the FAA and to panel chairmen and Steering Committee
members for review and comments. The final document was transmitted to the
FAA in January, 1979.

Flying, the vocation and avocation of persons who are the subjects of this
report, is no small matter in the United States, and without doubt 1t will be-
come of even greater moment. According to FAA statistics,* in 1976 there were
744,246 persons in the U.S. with airmen's certificates, of which 45,072 certi-
ficates were for air transports and 187,801 were for commercial flying. 1In
the same year, there existed a passenger-carrying fleet of 2,492 planes and
178,304 other active airplanes. The 45,072 transport pilots flying the 2,492
air carriess among U.S. cities amassed the amazing total of 145.3 billion, or
145.3 x 107, passenger-miles.

Many American physicians are actively involved in aviation medicine. They
examine airline pilots with Class I licenses twice yearly, and commercial
pilots with Class II licenses once yearly. In 1976, they sent FAA reports
concerning more than 450,000 medical examinations. The study and report which
follows is intended to assist such clinical activities.

Most certainly, this study would not have been possible without major com- q
mitments of time and effort by the members of the eight study panels and the :
Steering Committee, and the AMA is grateful to those eminent neurologists and |
neurosurgeons. In addition, we acknowledge the encouragement and help of
Dr. William H. Hark of FAA, and the support of Drs. Asher J. Finkel and Richard
J. Jones of AMA staff,

Special recognition must go to staff members of the Department of Environ-
mental, Public, and Occupational Health-~to Mr. Frank W. Barton, Deputy Profect
Director, who developed the proposal and guided the project with excellent
managerial skill; to Mrs. Rita M. Palulonis for careful editorial efforts and
attention to format; to Miss Leatha A. Tiggelaar, Administrative Assistant; and
to Mss. C. A. Campbell, B. S. Jansson, and N. T. O'Connor for their efforts in
preparing the typescript.

We of AMA believe this study will be valuable in future years as a bench-
mark to be used by the Federal Aviation Administration, and perhaps also by tens
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of thousands of the nation's clinicians. 1In that way, we hope it will contri-
bute not only to the health of this nation's pilots, but also to the safety and
wvelfare of millions of its other citizens.

Theodore C. Doege, M.D.
Project Director

1. Pederal Aviation Administration: FAA Statistical Handbook of Aviation.
Washington, DC, US Dept of Transportation, 1976.
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CEREBROVASCULAR DISEASE - PANEL 1

Jack P. Whisnant, MD (Chairman), Robert M. Crowell, MD, Russel H. Patterson,
Jr, MD, Sidney J. Peerless, MD, James T. Robertson, MD, Adolph L. Sahs, MD,
and Frank M. Yatsu, MD

Symptoms due to cerebrovascular disease may occur suddenly without
warning. Residual disability commonly results, and the physical or intellectual
impairment may be severe enough to deny flying status. The various ischemic
and hemorrhagic cerebrovascular disorders have been considered from the
standpoint of probable recurrence of sudden, unpredictable disability.

In summary of this report, we judge ischemic cerebrovascular disorders
to recur with a frequency sufficient to justify denial of flying status
except in unusual circumstances. If an ischemic event were caused by an
embolus from a cardiac source, and that abnormality were corrected, then
the judgment concerning flying status would depend on whether there is
physical or intellectual impairment of function.

The prognosis for individuals with primary brain hemorrhage is poor,
and there are relatively few survivors. If survival does occur and
associated hypertension is controlled, then recurrence is rare, and judgment
concerning flying status should be based on residual physical or intellectual
impairment.

When subarachnoid hemorrhage (SAH) occurs and the bleeding aneurysm is
isolated from the circulation, judgment concerning flying status should be
made one year after the SAH. If neither aneurysm nor another cause is found
for the SAH, judgment may be made concerning flying status one year after
the SAH, using the same criteria as for surgically obliterated aneurysms,
with the exception that repeat angiography should not be required at that time.

ISCHEMIC CEREBROVASCULAR DISEASE

DIAGNOSTIC ENTITIES

These include transient ischemic attacks (TIAs) of brain; reversible
ischemic neurologic deficits (RINDs); and cerebral infarctions, thrombotic
and embolic.

MINIMUM CRITERIA FOR DIAGNOSIS
TIAs of brain are focal neurologic deficits which resolve relatively

quickly, usually over a period of minutes to hours; however, minimal
neurologic deficits may persist as long as 24 hours.

RINDs are similar in character to TIAs of brain, but deficits last
longer than 24 hours and may persist for up to three weeks.
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Cerebral infarction may develop within seconds to minutes as is common
with embolic infarction, or it may develop over a period of several hours to
several days as is characteristic of progressing stroke or of stroke-in-
evolution. A completed cerebral infarct is characterized by a relatively
stable neurologic deficit persisting for a period of observation of three
weeks or more after the onset of symptoms,

The diagnosis of TIA or RIND is primarily a clinical diagnosis, because
frequently the patient is asymptomatic when seen by the physician and no
neurologic deficit exists.

The diagnosis of embolic cerebral infarction is suggested when there is
abrupt onset of neurologic deficit within seconds or minutes, particularly
when there is a valvular lesion or a tumor in the heart, cardiac dysrhythmia,
or a combination of these, which can cause development of a clot in the heart
serving as a source for embolic material.

Thrombotic cerebral infarction is said to occur when there is no evident
source for an embolus to account for the infarct.

For convenience, the symptoms of TIAs and RINDs may be divided into those
affecting anterior circulation and those affecting posterior circulation.
With regard to the anterior circulation, or carotid system, the most
characteristic symptoms are those of amaurosis fugax, which is frequently
described as being like the drawing of a shade or curtain over one eye; con-
tralateral hemiparesis; and aphasia, if the dominant hemisphere is involved,
or monoparesis. For the posterior circulation, or vertebral basilar system,
the symptoms may include unilateral or bilateral visual field defects, diplopia,
ataxia, dysarthria, or rarely, "drop attacks.”" Vertigo may also occur as a
transient symptom related to the posterior circulation, but it is such a
common intermittent symptom in benign disorders, it is not considered to be
TIA when it occurs alone. Since symptoms of TIA and RIND can be caused by
pathologic processes other than atherosclerosis, these processes also require
diagnostic consideration.

Symptoms that occur with TIA and RIND may also occur in association with
cerebral infarction. It is the timing and persistence of symptoms that are
different. The nature of the symptoms depends on the location of the infarct.

Benign amaurosis fugax may occur in a young person. Occasionally it
occurs in patients with migraine or with no other disorder. When this symptom
occurs in a young person, it should not automatically be considered to be TIA,
but it is important enough to require ophthalmologic and neurologic consultation.

Transient global amnesia (TGA) is an episode of amnesia of varying severity
which usually persists for a few hours. Although in most instances it is probably
due to an ischemic process, it is unusual for such episodes to recur or to
lead to an incapacitating stroke. This should not be considered to be in the
same category as TIA, Patients with TGA should undergo neurologic evaluation,
including EEG and psychometrics, for evidence of residual abnormality.

OTHER RELEVANT DIAGNOSTIC CRITERIA AFFECTING PROGNOSIS

The majority of TIAs and RINDs are due to extracranial ulcerative or
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occlusive disease, although identical symptoms occur with "tight" stenosis
or complete occlusion of intracranial arteries. In addition, transient
neurologic deficits simulating TIAs of brain due to atherosclerotic vascular
disease are seen in other pathologic processes. These include:

1. other vascular disorders such as cranial arteritis, fibromus-
cular dysplasia, or migraine

2, compressive lesions such as meningiomas, basilar impression,
and late onset Arnold-Chiari Syndrome

3. marked reduction in cardiac output due to dysrhythmia or asystole,
though reduced cardiac output usually does not produce focal {
neurologic deficits

4. cardiac emboli, as in association with atrial fibrillation and
mitral valvular disease, postmyocardial infarction, ventricular
aneurysm, prolapse of the mitral valve, sinoatrial nodal rhythm
defects, atrial myxomas, nonbacterial thrombotic endocarditis,
and bacterial endocarditis

5. hyperviscocity of blood in disorders such as thrombocytosis and 1
polycythemia vera.

There are other disorders which might mimic a completed stroke. These
include:

1. Todd's paralysis

2., intracranial neoplasm

3. subdural hematoma

4., brain abscess

5. hysteria

6. global cerebral ischemia associated with heart block

Hypertension plays a role in the development of cerebral infarction or
in the development of TIAs or RINDs, Trauma to a blood vessel may produce
cerebral infarction and would not be expected to recur.

1f the source of cardiac emboli is corrected, the condition should be
considered to be cured. When ischemic episodes occur in association with
fibromuscular dysplasia, the vascular condition should be thought of as a
self-limiting condition which will resolve in time. Resolution of the vas-
cular lesion can be determined by arteriography.

Other risk factors which may be associated with ischemic cerebrovascular
disease include:

1. family history

2, elevated blood lipids

3. diabetes mellitus

4. obesity

5. cigarette smoking

6. oral contraceptives in women




The presence or absence of these risk factors may affect the decision concerning
flying status.

RELEVANT DIAGNOSTIC PROCEDURES WHICH AID IN DETERMINING PROGNOSIS
General Diagnostic Procedures

Procedures which may help in making a judgment about the conditions
associated with cerebral ischemia include:

1. funduscopic examination

2, auscultation over the cervical arteries and over the globes of
the eyes

. blood pressure determination

. urinalysis

. complete blood count

. serological test for syphilis

. serum glucose, urea nitrogen, and serum lipids

NN W

It is important that the details of the history and physical examination
be recorded, and that the diagnosis of the type of cerebral ischemia be
confirmed by a neurologist. Cardiologic consultation is desirable to determine
whether a cardiac lesion is the source for an ischemic cerebral lesion.

Special Diagnostic Procedures

Studies with the major purpose of identifying a correctable disorder and
minimizing the likelihood of recurrence of the ischemic cerebral symptoms include:

1. =x-ray of the chest and skull

2. computed tomography of the head (CT scan)
3. electroencephalogram

4, 1sotope brain scan

5. spinal fluid examination

6. electrocardiogram

7. echocardiogram and/or sector scan

PROGNOSIS RELATIVE TO SUDDEN OR INSIDIOUS INCAPACITY

Patients with TIA have a 20% risk of stroke occurrence in the first year
and approximately 5% to 107 per year thereafter. In addition, some patients
with TIAs continue to have them in spite of treatment, The risk of death in
patients with TIA is about 87 to 10% per year.

Patients with cerebral infarctions have 20% to 30% initial mortality, and
20% to 30% of them have no residual incapacity when they have recovered from
the episode.

A patient with a cerebral infarction has a 5% to 10% risk of recurrence
per year., The risk of death in survivors of cerebral infarction is 8% to 10%
per year. The risk of recurrent embolic cerebral infarction depends upon the
type of lesion causing the emboli, but generally it is in the same range as
that for cerebral infarction.
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MEDICAL TREATMENT AFFECTING PROGNOSIS OR PERFORMANCE

In patients with extracranial occlusive disease who have TIAs or RINDs,
oral anticoagulant therapy or antiplatelet aggregation therapy may reduce the
probability of stroke. When a cardiac lesion is the cause for cerebral
igchemia, correction of the cardiac lesion would be reason to judge that the
patient was no longer at an increased risk for stroke. Patients with TIAs or
RINDs may be candidates for antihypertensive therapy, which may reduce the
probability of further stroke.

SURGICAL TREATMENT AFFECTING PROGNOSIS OR PERFORMANCE
Extracranial Reconstructive Vascular Surgery

Carotid endarterectomy may reduce the risk of stroke occurrence in
patients with TIA, or of stroke recurrence in patients with minimal residual
neurologic deficit,

Extra- or Intracranial Anastomotic Procedures

These procedures include superficial temporal-middle cerebral artery
anastomoses and occipital-posterior inferior cerebellar artery anastomoses.
They are performed in patients with mild neurologic deficit following a
completed stroke, or in patients who have had TIAs or RINDs, and may reduce
the risk of stroke occurrence or recurrence.

Either medical or surgical therapy, as described, may decrease the risk
of stroke, recurrent stroke, or recurring TIA, In most instances, the risk
would still be great emough to disqualify a person from flying status, but
there could be exceptions based upon reevaluation of the person and passage
of time.

OTHER CONSIDERATIONS
Asymptomatic Carotid Bruit and Internal Carotid Stenosis

In an occasional person, a bruit will be detected in the cervical region
in the absence of any cerebral ischemic symptoms. If the bruit is diffuse
over one side of the neck, there is no reason to believe the person is at
increased risk for stroke. If the bruit is well localized over the region of
the common carotid artery bifurcation, there is a high likelihood that it is
associated with stenosis of the internal or the external carotid artery. There
is some evidence those patients with asymptomatic internal carotid stenosis may
be at an increased risk of stroke. Some authorities recommend no treatment for
such patients, The data are insufficient to judge whether carotid endarterec-
tomy in such patients will decrease their risk of morbidity and mortality.

A patient with an asymptomatic bruit at the carotid bifurcation should be
reevaluated every six months. Reevaluation should include assessment of
history by a neurologist and may include examination of the optic fundus for
emboli and noninvasive studies to assess perfusion or pressure in the carotid
circulation.
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Asymptomatic Occlusion of an Extracranial Artery

When a patient is being evaluated for other symptoms or for cervical
bruits, angiography will occasionally detect complete occlusion of a carotid
or vertebral artery. Such a condition appears to have a good prognosis,
and it is recommended that flying status not be denied because of this finding.

BRAIN HEMORRHAGE, ALL CAUSES

DIAGNOSTIC ENTITIES (ETIOLOGIES OF BRAIN HEMORRHAGE)
Primary brain hemorrhage 1is usually hypertensive and may be:

1. putamenal
2 thalamic
3. cerebellar
4. pontine
5. subcortical

Hemorrhagic disorders may be related to:

1. leukemia

2, anticoagulant therapy

3. 1liver failure

4, sepsis with vasculitis

5. collagen vascular disease

6. hemophilia

7. disseminated intravascular coagulation

Other entities in differential diagnosis include:

1. trauma

2, cerebral aneurysm

3. arteriovenous malformation

4., neoplasm

5. hemorrhagic infarction

6. causes of subarachnoid hemorrhage (see list, p.12)

MINIMUM CRITERIA FOR DIAGNOSIS

Brain hemorrhage within one week of ictus can be diagnosed by the presence
of intraparenchymal hematoma on the plain CT scan. Presumptive diagnosis of
brain hemorrhage can be made on the basis of sudden headache and focal
neurologic signs, usually associated with blood in the cerebrospinal fluid
(CSF). In some cases, brain hemorrhages too small for detection on CT scan
may produce blood with xanthochromia in the cerebrospinal fluid; these findings
can also be caused by primary subarachnoid hemorrhage. In the absence of
CT scan data in the first week, there may be difficulty in distinguishing
infarct and hemorrhage.
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ETIOLOGY
Hypertension may be accepted as the cause of brain hemorrhage when one i
encounters:
1. hypertension %,
2. CT scan evidence of hemorrhage in basal ganglia or cerebellum
3. an appropriate clinical syndrome with spontaneous onset
4, no evidence of trauma j
5. normal coagulation studies

When these criteria are not satisfied, other etiologies should be sought. b

Hemorrhagic disorders will be detected by coagulation studies, and
specific entities such as leukemia may be diagnosed by complete hematologic
evaluation. Trauma as a cause will generally be evident from history and
physical findings. Cerebral aneurysms and arteriovenous malformations can
generally be detected by angiographic evaluation of the entire intracranial
circulation; these entities are considered separately in this section.
Intracranial neoplasms are usually detected with CT scan with and without
contrast material, or angiography, and these lesions are likewise dealt with
separately. In some cases, no specific etiology will be found. Pathologic
evaluation may show a cryptic angioma in such cases.

OTHER RELEVANT DIAGNOSTIC CRITERIA AFFECTING PROGNOSIS

Since the disability from brain hemorrhage almost always appears
with the initial illness, the most important prognostic factors relate to
the neurologic examination after convalescence from the initial illness.
Size and location of hematoma on CT scan can help predict outcome: clearly
a patient with a small cerebellar clot and no deficit is expected to fare
better than the hemiplegic with a large putamenal hemorrhage.

N

Diagnostic aids in assessing disability may include quantitative

H neurological examination and psychological testing. CT scan and lumbar
puncture (LP) can assess development of hydrocephalus. EEG can help assess

the possibility of seizures.

It is rare that a brain hemorrhage will recur, Risk factors for recurr- ’

] ence would include uncontrolled hypertension, anticoagulant therapy, liver ’

failure, blood dyscrasia, and intracranial vascular anomaly or neoplasm, In i

the nonhypertensive yoing adult, every effort ought to be made to find a cryptic
arteriovenous malformation (AVM).

RELEVANT DIAGNOSTIC PROCEDURES AIDING DIAGNOSIS AND ASSESSMENT OF PROGNOSIS
Computerized Tomographic (CT) Scan

This is the procedure of choice for the diagnosis, localizing, and
sizing of intracerebral hematomas. Unenhanced CT scan reliably demonstrates
significant intracerebral hemorrhages within one week after the ictus. CT
scan after intravenous contrast material sometimes can demonstrate a vascular
anomaly or tumor which caused the hemorrhage. CT scan also gives a precise
indication of residual hematoma and other disturbances, such as edema or
hydrocephalis, after medical or surgical therapy. After the acute illness




is over, CT scan permits assessment of chronic pathology, such as porencephalic
cyst, local ventricular dilatation, cortical atrophy, and hydrocephalus.

Coagulation Studies

Every patient with spontaneous intracranial hemorrhage should have a
platelet count, prothrombin time, and partial thromboplastin time to assess
disorders of coagulation, which occasionally can lead to brain hemorrhage.

Lumbar Puncture (LP)

LP is sometimes needed to confirm small intracerebral hemorrhages. LP
is needed much less often since the advent of CT scan; moreover, LP is sometimes
misleading or even dangerous. LP may be helpful in evaluating hydrocephalus
late after intracerebral hemorrhage.

Cerebral Arteriography

When CT scan is avallable, angiography is used principally to exclude a
vascular anomaly or neoplasm as the etiology for hemorrhage.

Electroencephalography (EEG)

This may occasionally be of use in the chronic phase of illness to assist
in assessment of seizures.

PROGNOSIS RELATIVE TO SUDDEN OR INSIDIOUS INCAPACITY

After convalescence from brain hemorrhage, the risk of new incapacity
is relatively slight. This assumes that relevant risk factors such as
hypertension, blood dyscrasias, anticoagulation, intracranial vascular
anomalies, and neoplasms are corrected. The likelihood of hydrocephalus is
low overall, except for cerebellar hemorrhage in which hydrocephalus may
develop early. The likelihood of seizures is low except when the cortex has
been involved. CT scan can indicate rather precisely the locus of the lesion
and thus suggest the likelihood of these complications. When no cause for
hemorrhage can be found, the likelihood of recurrence is low, but no precise
figure is available.

MEDICAL TREATMENT AFFECTING PROGNOSIS OR PERFORMANCE

Management of the initial manifestations is designed to stop hemorrhage,
limit mass effect, and prevent complications. Therefore, standard therapy
includes control of hypertension, restoration of normal coagulation,
limitation of edema with corticosteroids or mannitol, and avoidance of seizures
by anticonvulsant administration, In long-term management, control of blood
pressure and maintenance of normal coagulation minimize the already low risk
of recurrent hemorrhage, if surgical lesions are not present. Continuing
anticonvulsant therapy for 6 to 12 months can minimize risk of seizure. Rehabi-
litation may be helpful, including physical and speech therapy.




SURGICAL TREATMENT AFFECTING PROGNOSIS OR PERFORMANCE

When a hypertensive or traumatic brain hemorrhage causes progressive
deterioration, surgical evacuation of the hemorrhage can be life-saving.
Whether eventual morbidity can be lessened by removal of a hematoma in a
patient with a stable deficit has not been established. In patients with
cerebellar hemorrhage, hematoma evacuation may be advisable if done in the
first 48 hours after hemorrhage, because sudden decline occurs unpredictably.
Adequate surgical treatment of aneurysms, AVMs, and tumors greatly decreases
the chance of recurrent hemorrhage, but preoperative deficit and seizure
potential will not be reduced.

SUBARACHNOID HEMORRHAGE

DIAGNOSTIC ENTITIES

Subarachnoid hemorrhage (SAH) may be due to aneurysm or to arteriovenous
malformation (AVM). Either diagnosis is cause to remove a pilot from flying
status for a period of at least one year.

MINIMUM CRITERIA FOR DIAGNOSIS

A patient with SAH from an intracranial aneurysm or arteriovenous
malformation may display ome or more of the following:

History

1. Nontraumatic headache of sudden onset, with or without nausea and
vomiting, altered state of consciousness, or focal neurological deficit

2, Oculomotor nerve paresis, progressive, usually painful, Unilateral
cavernous sinus aneurysm may be excluded, because it does not produce
subarachnoid hemorrhage

3. Focal or generalized seizures

4, Continuous nontraumatic cranial bruit or AVM

Physical Examination

1. Signs of meningeal irritation present, eg, stiff neck, Kernig's sign

2, Subhyaloid retinal hemorrhage

3. Partial or complete oculomotor nerve paresis, usually with pupillary
involvement

4, Other cranial nerve palsies or evidence of a mass lesion (rare)

5. Cranial bruit or AVM

6. Progressive spinal cord signs, as with cord AVM

Laboratory Examination

Proof of subarachnoid hemorrhage depends on either of the following:

1. Nontraumatic spinal puncture reveals bloody or xanthochromic fluid,
usually under elevated pressure; if bloody fluid is centrifuged
promptly and the supernatant fluid is xanthochromic, recent subarachnoid
bleeding is established
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b 2. CT scan, unenhanced, may confirm subarachnoid, focal, or ventricular
hemorrhage; CT scan with contrast enhancement is often diagnostic of an I
arteriovenous malformation and may demonstrate an aneurysm '

Radiological Examination

1. Proof of aneurysm or AVM requires demonstration of the lesion by ;
adequate cerebral arteriography. An attempt to visualize all four ‘
contributing cerebral vessels is recommended. Since 8% of aneurysms
may not be demonstrated on the initial study under the best of cir-
cumstances, a repeat arteriogram should be performed, usually 7 to 10
days later. Selective spinal angiography may be warranted, if signs f
of spinal eord disease are present s

2, Plainskull x-rays may demonstrate curvilinear calcification at the !
base of the brain, indicating aneurysm, or irregular curvilinear cal- L

cification over or within the brain, ie, an AVM

OTHER RELEVANT DIAGNOSTIC CRITERIA AFFECTING THE PROGNOSIS RELATIVE TO THE
IMMEDIATE HEMORRHAGE

Clinical Course

1. The prognosis is related to the severity of the subarachnoid hemorrhage
and to the presence of an associated intracerebral hemorrhage. These
factors are clinically correlated as follows:

Grade 0 - Neurologically intact patient without signs of meningeal
irritation

Grade 1 - Neurologically intact patient with signs of meningeal
irritation

Grade 2 - Minor neurological deficit in patient, or altered state of
consciousness, with signs of meningeal irritation

Grade 3 - Patient has major neurological deficit, stupor, and signs
of meningeal irritation

Grade 4 - Comatose patient without response to painful stimuli,
with dilated pupils and respiratory irregularity

Grades 3 and 4 are usually associated with massive subarachnoid bleeding
and/or intracerebral hematoma. Conversely, the outcome of patients in grades
0-2 is usually favorable if rebleeding does not occur.

2. Other adverse factors include:

a, prolonged coma beyond 48 to 72 hours

b. seizure activity

c. persistent or progressing focal neurological deficit
d. repeat subarachnoid bleeding

e, pulmonary or cardiac complications

Laboratory Examination

1. EEG may show focal dysrhythmias associated with progressive
deterioration of the patient
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Radiological Examination

1. Cerebral angiography may demonstrate diffuse or segmental vasospasm ‘
correlated with focal or generalized neuroclogical deterioration; |
this phenomenon is rare in AVM bleeding '

2. Cerebral angiography may demonstrate a mass lesion due to hemorrhage
or infarction, or indirect evidence of hydrocephalus. Occasionally,
subdural hematoma occurs

3. Technetium brain scan may show evidence of impaired flow time or .
cerebral infarction t

4, CT scan may demonstrate intracerebral, intraventricular, massive
basilar subarachnoid or subdural bleeding; hydrocephalus or cerebral _
infarction may be seen :

RELEVANT DIAGNOSTIC CRITERIA WHICH WOULD AID IN DETERMINING PROGNOSIS
These include examinations one year after recovery from the last subarachnoid

hemorrhage; the following should be considered before making determinations
as to flying status:

Clinical Course g

1., Assessment of motor, sensory, language, or intellectual function by
a neurologist \
2, Clinical history in regard to seizures t
3. Assessment of disability secondary to the medical or surgical compli- 1
cations of the acute subarachnoid hemorrhage
4, Satisfactory healing of craniotomy site

Laboratory Examination

1. Psychometric or psychological testing to demonstrate intellectual
impairment

2. EEG test for evidence of an epileptiform abnormality as determined by a
neurologist (see chapter on Seizure Disorders)

Radiological Examination

1. Angiographic proof of exclusion of the aneurysm or arteriovenous
malformation from the arterial circulation. Angiographic documentation
of exclusion may be done any time between three months and one year
following the operation. The detection of occlusion of a carotid,
vertebral, or intracranial artery that is asymptomatic and associated
with a normal neurological examination is not considered a disability

2. CT scan for evaluation of ventricular size, focal cerebral destruction
or infarction, and width of sulci., If available, this should be
correlated with the CT scan done adjunctive to the subarachnoid
hemorrhage (see discussion of hydrocephalus, chapter 3)
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PROGNOSIS RELATIVE TO SUDDEN OR INSIDIOUS INCAPACITY

Presence or persistence of an intracranial subarachnoid aneurysm or AVM is
a permanent contraindication to flying status. This restriction also applies
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to asymptomatic aneurysms or AVM discovered incidentally,

Absence of impairment of sensory, motor, language, or intellectual function,
as determined by a neurologist one year following surgical repair, is associated
with an excellent prognosis,

Angiographic demonstration of exclusion of an aneurysm or AVM from the
arterial circulation one year from the surgical repair confirms cure.

MEDICAL TREATMENT AFFECTING PROGNOSIS OR PERFORMANCE

There is no definitive medical therapy of patients with aneurysms or
arteriovenous malformation compatible with flying status. Other medical 3
treatment would be therapy directed to concomitant pulmonary, cardiac, or ;
renal problems related to the subarachnoid hemorrhage (see report concerning
seizure disorders). .

SURGICAL TREATMENT AFFECTING PROGNOSIS OR PERFORMANCE

Operations which exclude aneurysms or AVMs from the arterial circulation |
are curative. Operations in which there is coating or reenforcement of the i
aneurysm, or in which intraluminal thrombosis or proximal ligation procedures
are done, may be beneficial but are not considered curative. *“

Healing of any craniotomy wound is recommended before resumption of flying
status,

SAH without demonstration of an aneurysm or AVM, as indicated in the section
about SAH due to aneurysm or AVM, includes systemic causes of SAH. Reasonable
exclusion of these conditions is necessary, and approval or denial of flying
status should be determined by the specific disease entity being considered.

CAUSES OF SUBARACHNOID HEMORRHAGE

Diseases of the Blood - Coagulopathies

1. Hemophilia ‘
2. Thrombocytopenia

3. Leukemia

4. Waldenstr®m's Macroglobinemia

5. Lymphoma

6. Myeloma

7. Aplastic anemia

8. Hereditary spherocytosis

9. Sickle cell anemia
10. Pernicious anemia
11. Polycythemia
12. Afibrinogenemia
13. Hypofibrinogenemia--hepatic disease or malignancy
14, Consumption coagulopathies/disseminated intravascular coagulopathy (DIC)
15. Anticoagulant therapy
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Angiopathies
1. Lupus angiitis - lupus erythematosus
2, Giant cell cerebral arteritis
3. Dysproteinemias--amyloidosis
4. Hypertension--all cases
5. Atherosclerosis
Infectious Diseases
1. Bacterial meningoencephalitis, as with tuberculosis, leptospirosis,
listeriosis
2. Mycotic infection of brain, eg, aspergillosis
i 3. Rarely, brucellosis, typhoid fever, yellow fever, dengue
4, Viral encephalitis due to influenza, pertusis, herpes simplex or
Cytomegalic inclusion disease
5. Bacterial endocarditis
6. Anthrax
7. Malaria
Intoxications
1. Hypertensive crises - pharmacologically induced, as with adrenalin,
monoamine oxidase inhibitors, and amphetamine
2, Alcohol
3. Ether
4. Carbon monoxide
5. Morphine, nicotine poisoning, hydrocyanic acid, lead, quinine,
phosphorous, pentamethylenetetrazol, amphetamine
6. Snake bites (Bothrops species)
7. Uremia
Allergic Reactions
1. Antibiotic sensitivity reactions
2. Multiple sclerosis

Tumors

1.
2‘
3.
4.
5.
6.
7.
8.

SUBARACHNOID HEMORRHAGE ASSOCIATED WITH PREGNANCY

(see statement on Intracranial Tumors)

Gliomas

Pituitary tumors
Meningiomas

Pinealomas

Choroid plexus papillomas
Angioblastomas

Melanomas

Metastatic tumors




Craniocerebral Trauma

1. Direct or indirect blows to head
2. Electrical injury

3. Caisson disease

4, High altitude anoxia

5. Radiation

6. Ultrasound

7. Strangulation

8. Thermal injury

Intracranial Venous Thrombosis
1. Oral contraceptives
2. Pregnancy
3. Trauma
4. Infection
5. Coagulopathies
6. Marasmus

Other Conditiomns

1. Physical stress--Valsalva's maneuver, as with coitus, defecationm,
parturition, etc,
2, Vitamin deficiency: scurvy, vitamin K deficiency
ANEURYSMS AND ARTERIOVENOUS MALFORMATIONS

Sources of subarachnoid hemorrhage which are not visualized by repeated
angiography may be:

1. Thrombosed 'berry aneurysm’

2, Atherosclerotic aneurysm
3. Cryptic AVM - thrombosed or otherwise obliterated by hemorrhage

Lack of Diagnosis

In various published series there has been a sizeable group of individuals
presenting with SAH and with negative contrast studies,

Complications

See section on subarachnoid hemorrhage (SAH).

Prognosis

If no cause for SAH is determined, an individual could safely resume
flying status, if conditions described in the SAH section are met, with the
exception of angiography. The determination should be made one year after
the SAH.
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INTRACRANIAL TUMORS - PANEL 2
Shelly N, Chou, MD (Chairman), Richard S. Kramer, MD, William R. Shapiro, MD

Cancer frequently affects the nervous system.1 Primary tumors of the
central nervous system (CNS) are the second most common form of cancer in
children, and primary brain tumors in adults are more common than Hodgkin's
disease. In the U.S. in 1977 there were 10,900 new cases of primary CNS
cancer and 8,800 deaths. Of 690,000 new cancer cases, 385,000 patients died,
and 50,000 of the deaths were directly associated with metastatic cancer to
the nervous system. The bulk of these consisted of lung cancer, breast cancer,
malignant melanoma, lymphomas, and leukemias.

Tumors of the nervous system may be classified by location and pathologv.
Table 1 classifies intracranial tumors by location,2 and Table 2 classifies
them by pathology.3’4 The bulk of tumors in the skull metastasize from cancer
in other parts of the body. The major tumor of the meninges is the meningioma,
and its importance lies in its being a potentially curable lesion. Acoustic
neuroma is the most common of the cranial nerve tumors, but neuromas of the

trigeminal nerve also occur, and such tumors can be part of the syndrome of
von Recklinghausens' disease.

Neuroectodermal tumors occur in the cerebrum as astrocytomas, oligoden-
drogliomas, and the more malignant glioblastoma multiforme. 1In the cerebellum,
they are represented by the medulloblastoma and the more benign astrocytomas.
In the brain stem, they occur as ependymomas or as gliomas. Other locations
for tumors in the skull include pituitary tumors, especially the pituitary
adenama, and congenital tumors, like craniopharyngiomas and mixed-tissue
tumors. Tumors metastatic from systemic cancer may be found in the cerebrum or
cerebellum, or in the meninges in the form of meningeal carcinomatosis.

As noted above, they can invade the skull, and occasionally they may be found
in the epidural and subdural spaces.

Pathologically, so-called benign tumors® are those that may be defined
as slow-growing, with few mitoses, minimal necrosis, and no endothelial proli-
feration (Table 2). They may arise in the dura, where the most common is
the meningioma, or in the nerves, as with the acoustic neuroma. In the paren-
chyma, the neuroectodermal "benign" tumors consist of low-grade astrocytomas
and oligodendrogliomas. "Benign" astrocytomas and oligodendrogliomas may
become malignant.

More "malignant" tumors arise primarily as neuroectodermal tumors, of
which the most malignant tumors are the astroblastoma and the primary reticular
cell sarcoma or microglioma. Gliomatosis cerebri is also thought to be a
moderately malignant, progressive neurcectodermal tumor. Malignant tumors
are characterized by relatively rapid growth, invasiveness, frequent mitotic
figures, necrosis, vascular proliferation, and endothelial hyperplasia. Benign
tumors of the dura and nerves rarely become malignant and form meningeal
sarcomas and neurofibrosarcomas. Occasionally, tumors of neuroectodermal
and mesenchymal origin may combine in the form of a malignant gliosarcoma.
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Table 1: Classification of Intracranial Tumors by Location*

1. Tumors of the Skull

metastatic tumors
eosinophilic granuloma

2, Tumors of the Meninges

meningioma
meningeal carcinomatosis

3. Tumors of the Cranial Nerves
acoustic neuroma
4. Neuroectodermal Tumors

Cerebral -

astrocytoma

oligodendroglioma

glioblastoma
Cerebellar -

medulloblastoma
astrocytoma

Brainstem -

glioma
ependymoma

5. Other Primary Tumors
pituitary adenoma
congenital tumors
granulomas

6. Metastatic
Parenchymal tumors

*From ref. 2
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Table 2: Classification of Intracranial Tumors by Pathology*

Definitions:

"Benign" tumors - slowly growing, with few mitoses, minimal
necrosis, and no vascular proliferation; affect dura,
nerves and neuroectoderm.

"Malignant" tumors -~ more rapidly growing and invasive, with
frequent mitoses, necrosis, vascular proliferation, and
endothelial hyperplasia; affect neurocectoderm, rarely
dura and nerves. i

Neuroectodermal h

astrocytoma ;
oligodendroglioma
glioblastoma
ependymoma
medulloblastoma

Other Tumors

meningioma
neurofibroma
neurilemmoma

pituitary adenoma
craniopharyngioma

other congenital tumors
metastatic

*From references 3-5
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CLINICAL MANIFESTATIONS OF INTRACRANIAL TUMORS

In the discussion that follows, an attempt i1s made to establish medical
criteria for functional impairment of airmen. Four classes of impairment are
defined in Table 3, based on the probability of medical impairment of function
likely to affect aircraft control, the probable extent of medical care required,
and the likelihood circumstances will produce impairment of neurologic function
sufficient to require medical disqualification from flying status. The following
discussion will refer to these classes along with the symptom complex which
produces the impairment.

The essential clinical feature of intracranial neoplasms is that they
produce progressive symptoms. The rate of progression varies, and the course
may include acute apoplectic onset following hemorrhage into a neoplasm, a
seizure disorder associated with cortical stimulation, and a slowly pro-
gressive mental deterioration associated with certain slow-growing neoplasms.
The clinical manifestations may be defined as general and specific.

General Clinical Manifestations of Intracranial Neoplasms

Such symptoms depend on the effect of the neoplasm mass which produces
raised intracranial pressure associated with edema,6 obstructive hydrocephalus,
and generalized cerebral dysfunction of unknown causes.

Headache is perhaps the most common general manifestation of intracranial
neoplasm. Of special importance are headaches that have recently changed in
character, are worse in the morning or wake the patient at night, are of a
recurrent nature, and are increased by reduced atmospheric pressure. The
occurrence of a headache in a patient not otherwise prone to headaches, or
a recent change in headache pattern in patients known to have headaches,
ordinarily requires that flight personnel be considered in Class A status (Table 3).

Papilledema occurs in about a quarter of the patients with intracranial
neoplasms and, therefore, its absence does not exclude such lesions. It is
more likely to be seen with tumors that obstruct cerebrospinal fluid (CSF)
flow, and it may be accompanied by visual phenomena, especially acute visual
obscuration and "greying out." Papilledema should result in Class C status
for flying personnel, who should be referred immediately for medical care
and should be temporarily disqualified from operating an airplane.

Generalized convulsions, along with focal seizures (see statement on
Seizure Disorders) occur in 35% of patients with cerebral tumors. ’ They are
more likely to accompany slower growing tumors than the more rapidly growing
malignant tumors. They are more likely to occur following alcohol usage,
after withdrawal of barbiturates, drugs and other sedatives, or with sleep
deprivation. Because of their apoplectic nature, they are of crucial impor-
tance in flight deck personnel,- and the occurrence of a generalized convulsion
should place such personnel immediately in Class B status.

Mental changes8 are frequent clinical manifestations of an intracranial
tumor. They are often subtle and gradual in onset and therefore require the
close attention of co-workers and family members with regard to behavorial
changes in the patient. Mental changes may include lack of persistence in




Table 3: Relationship of Signs, Symptoms, Diagnosis and Therapy of
CNS Neoplasms to Functional Prognosis of Persomnel in Flight
Crew

Class A - Signs, symptoms which do not interfere with function as member @
of flight crew. Medical referral required. Immediate disqualifi-
cation from flying not necessarily required.

Class B ~ Signs, symptoms definitely impairing function as member of
flight crew. Immediate medical referral required. Temporary
disqualification from flying. 3

Class C - Signs, symptoms definitely impairing function as member of
flight crew. Extensive medical care required. Temporary dis-
qualification from flying.

Class D - Signs, symptoms definitely impairing function as member of
flight crew. Extensive medical care required. Permanent dis-
qualification from flying.
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routine tasks, increasing irritability, emotional lability, faulty insight,
forgetfulness, reduction in the range of mental activity, indifference to
socilal practices, and reduced initiative and spontaneity. The patient may
complain of fatigue, tiredness, dizziness, and/or lethargy. There may be
temporal retardation and delay in responsiveness of thinking and motor func-
tion, especially in the atmoshpere of a busy flight deck. Such symptoms
progress to confusion, frank dementia, and stupor.

Changes in personality may be described in psychological terms but should
be recognized as symptoms of structural brain disease rather than functional
anxiety or depression. Thus, the occurrence of sudden flamboyance, loss of
inhibition, impulsive behavior, and the cognitive changes described above
should immediately raise the suspicion of a progressing intracranial neo-
plastic process. Depending on the severity of the mental changes, flight
deck personnel should be classed from B to D in terms of flying status.

Specific or Focal Clinical Manifestations of Intracranial Tumors

These depend on the location and extent of the lesion. The following
conditions are of specific interest with regard to_airmen. Focal seizures
are a frequent accompaniment of cerebral tumors.?2s’ They imply specific
cortical irritation from either a benign or a malignant condition and require
Class B status. A visual loss, either in terms of direct reduction in
visual acuity, field defects or diplopia, implies involvement of the visual
apparatus anywhere from the eye to the occipital cortex: flying status,
Class B.

Hearing impairment may mean reduced auditory acuity or the occurrence
of tinnitus and may be associated with vertigo. Local conditions, especially
upper respiratory infections with blocking of the eustachian tubes, may produce
temporary hearing changes. Hearing impairment of any duration should be con-
sidered grounds for Class B status. Speech disturbances, which may be tran-~
sient, include dysphasia and dysarthria and should produce Class C status.

Ataxia should be grounds for immediate placement on Class B status.
Motor signs include postural disturbances, incoordination, weakness, tremor;
flying status is Class B. Sensory disturbances include unusual pains, pares-
thesias or numbness and require Class B status. Less disturbing, but of impor-
tance with respect to local manifestations of cerebral tumors, are anosmia,
which requires Class A status and may be associated with infrafrontal meningi~-
omas, and neurcendocrine disturbances, which require Class B status and may
be associated with pituitary tumors.

Cerebral hemorrhage into metastatic foci, usually from choriocarcinoma,
testicular tumor, melanoma, glioblastoma and, more rarely, other primaries,
may manifest as subarachnoid hemorrhages. The apoplectic nature of such an
onset would require Class D status. Less clearly defined are those focal
features assoclated with temporal lobe neoplasms. Psychological concomitants
and minor spells may be the earliest manifestations of neoplasms in this
location. They require Class B status.

SPECIFIC DIAGNOSTIC INVESTIGATIONS

Once there is clinical suspicion an intracranial tumor may be present,
specific diagnostic procedures must be employed to confirm its presence and
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exact location. Such investigations are not only neceasary .o make therapeutic
plans, but also to obtain additional information about the type of tumor
present and the potential risks if surgical removal of the lesion is to be
carried out.

There are many types of diagnostic techniques available, varying in
degree of complexity and invaslveness. Depending upon clinical manifestations
which may suggest a certain type of tumor in a certain intracranial location,
a sipgle study or a series of diagnostic studies may be planned. One type of
procedure may be more useful in gathering information than another, and it
is important to seek the most specific information whenever possible.

Cranial x-ray - This is the most non-invasive procedure in neuroradiology.
A routine examination may yield information such as evidence of chronically
increased intracranial pressure, the presence of abnormal calcifications,
enlargement of the sella turcica indicating a tumor of the pituitary gland or
an "empty sella," or the presence of osteolytic and/or osteoblastic lesions in
the skull, which indicate a metastatic process and call for an extensive
search for the primary lesion.

Tomography of the skull can be very useful in further delineating
certain intracranial tumors. Usually such tumors are located in or close
to the bone and are sellar or parasellar tumors, basal meningiomas, chordomas,
acoustic nerve tumors and metastatic tumors, particularly those extending
upward from the nasopharynx.

Computerized tomography (CT scan) - The introduction of CT scan has
revolutionized the entire investigative process for intracranial tumors. The
procedure is non-invasive and is capable of yielding so much information that
it may well be the only procedure necessary to reach a reasonably accurate
diagnosis.

Intracranial tumors may appear on the CT scan as radiolucent, radiopaque
masses. Frequently, both components are present, with a central radiolucent
area surrounded by radiopaque zones forming the so-called "ring sign.'" Such
a mass may cause ventricular shift. A surrounding zone of cerebral edema may
also be evident. With a tumor in the posterior fossa, not only can the tumor
be seen in the CT scan, but also the associated hydrocephalus, if present, can
be demonstrated.

Most importantly, the CT scan is capable of demonstrating multiple small
metastatic tumors which have heretofore been extremely difficult to document.
Finally, because of the measure's noninvasiveness, it is the logical techni-
que with which to follow intracranial tumors postoperatively, especially for
tumor recurrence.

It is to be cautioned that the CT scan, versatile as it is, may still
fail to detect certain types of intracranial tumors, like small schwannomas
of the cranial nerves and certain infiltrating hemispheral gliomas. Also,
an area of infarction and a tumor may appear to be identical on the CT scan.
Therefore, other types of contrast studies may still be necessary and impor-
tant in reaching a radiologically unequivocal diagnosis of intracranial tumor,
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Angiography - CT scan has undoubtedly made angiography less important
in the diagnosis and localization of intracranial tumors. It is desirable,
however, to conduct anglographic studies to vigualize the pattern of vascular
supply and drainage in order to facilitate surgery. In certain basal, highly
vascular meningiomas, preoperative selective catheterization may be employed
to embolize, and thus drastically reduce, the vascularity of the tumor to
make subsequent surgical removal of the tumor less bloody. The mural nodule
of a hemangioblastoma can be brightly shown with angiography. For vascular
lesions such as A~V malformations, fistulae, and aneurysms, angiography is
obviously indispensable for diagnosis and for preoperative planning. Rarely,
a giant thrombosed aneurysm may be mistaken for a tumor mass. Vascular
lesions are considered in the preceding report.

Pneumoencephalography - Use of this procedure has been significantly
curtailed due to wide availability of the CT scan. However, lesions such
as chromophobe adenomas with suprasellar extension may require the procedure
in order to ascertain whether the operative procedure should be transcranial
or transphenoidal. Additionally, certain cystic lesions such as porencephaly,
and midline anomalies such as cyst of septum pellucidum and cavum vergae, may
require pneumoencephalography to differentiate them from tumors,

Nuclear scanning and Emission CT scan - The former is rarely used now
because of CT scan, while the latter is a new technique of which the use and
value for tumor diagnosis has not been well established.

Electroencephalogram (EEG) - This is not a preferred procedure for diag-
nosing and localizing a brain tumor, compared with the procedures already
described. Patients having brain tumors with seizures as the initial clinical
manifestation may or may not have abnormal EEG findings. The EEG may be used
in a selected patient as a postoperative followup procedure.

Lumbar puncture - Usually lumbar puncture is not used, and in fact it is
contraindicated in most patients who have clinical evidence of increased intra-
cranial pressure. In certain conditions such as leptomeningeal carcinomatosis
and leukemic infiltrations, CSF chemical analysis and cytologic study may
yield extremely useful information. When combined with clivography using
pantopaque, small tumors less than 1 cm. in diameter which may evade CT
scanning, like schwannomas, can be demonstrated.

THERAPY OF INTRACRANIAL TUMORS
Surgical Therapy of Intracranial Tumors

Factors influencing the decision to operate - A brief discussion of
surgical treatment should perhaps begin by enumerating those factors which
influence the surgeon's decision to recommend operative intervention. Since
no two patients are identical, medical decisions invariably are multifactorial.
The skill with which the neurosurgeon appropriately weighs the several consi-
derations defines "surgical judgment" and profoundly influences the results;
these considerations will be discussed in descending order of importance:
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Projected operative mortality/morbidity - The historical admonition,
"Primum, non nocere,” uniquely dominates the neurosurgeon's thinYing. Neural
tissue is characterized by its vulnerability to permanent injury by compres-
sion or retraction, its fragile vascularity, its absolute dependence on main-
tenance of adequate moment-to-moment perfusion, and its profound lack of regene-
rative capacity. Neurologic deficits resulting from either deliberate
resection or inadvertent compression or devascularization of the brain commonly
prove irreversible. If the volume of injured tissue i1s either (a) extensive,
or (b) focal, but situated in a neural "center' subserving a critical function,
such as speech, vision, or respiration, either death or devastating permanent
morbidity may be expected. For these reasons, even in skilled surgical hands
the location of the tumor is ordinarily the prime determinant of the opera-
tive result.

In general, intracranial tumors arising outside of the brain substance,
such as extra—-axial tumors from the bony skull (benign osteoma), the meningeal
coverings of the brain (meningioma), or the cranial nerves (neurinomas), are
histologically benign tumors which exert their effect upon adjacent neural
structures by compression rather than invasion. Those occurring over the
cerebral or cerebellar convexities, most commonly meningioma, are readily
accessible and can ordinarily be removed with nearly total preservation of
contiguous brain tissue.

Other benign extra-axial tumors, however, arise deep within the skull in
the vicinity of the brain stem, a structure whose functional integrity is vital
to survival. Certain areas of the brain stem are essentially inaccessible
and vexingly encircled by an impressive number of critically important vas-
cular structures. Examples of this type of tumor include benign acoustic
neurinomas, meningiomas situated in the anterior foramen magnum or clivus, and
craniopharyngiomas, which commonly adhere to important neural structures
about the third ventricle. Despite the benign character of these lesions,
their anatomic location often renders surgical removal hazardous, and total
resection is sometimes not possible. Occasionally, benign extra-axial tumors,
such as meningiomas, occur in noncritical regions remote from the brain stem
but become so intimately involved with major blood vessels, like the sagittal
sinus or a carotid artery, that complete removal is precluded by the risk of
major ischemic injury to the brain.

In contrast, intracranial tumors arising within the substance of the
brain, either as primary brain tumors (gliomas) or as metastatic deposits
within the brain, are commonly characterized by a variable degree of malig-
nant potential, and surgery rarely provides a permanent cure. Since their
removal necessarily involves some resection of adjacent normal brain tissue,
their location is a major determinant of operative morbidity.

At one extreme, tumors contained within so-called "silent areas" of the
brain can be widely resected with little risk of neurologic impairment; for
example, large volumes of tissue can be removed from one or the other of the
frontal or temporal lobes or from the cerebellar hemispheres without signifi~-
cant risk of creating additional deficit. At the other extreme, those occa-
sional intrinsic tumors arising within the brain stem, like pontine or medu-
llary gliomas, are rarely attacked surgically because of the high probability
of substantial morbidity or mortality., Midway in the spectrum are those hemi-
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spheral tumors which happen to involve major motor, sensory, visual, or
speech pathways. Unless the tumor itself has already destroyed these
functional areas by wide local infiltration, attempts at surgical resec-
tion can be expected to result in further impairment,

Recognizing the high rate of recurrence of intra~axial brain tumors, :
the surgeon, wisely, may elect to content himself with subtotal removal f
rather than risk injury to vital functional centers or major blood vessels. '

A second, but somewhat less important, consideration bearing on pro-
jected operative mortality and morbidity is the size of the tumor. Cer-
tainly, the risk of an adverse outcome increases with the size of a tumor
in any given location simply as a consequence of the need for more exten-
sive manipulation of adjacent normal tissue, the higher probability of ‘
involvement of vital neural centers or major blood vessels, and the longer 2
probable duration of the procedure itself,

The patient's age and general condition may weigh against surgery, !
although improved anesthesia and operative techniques have served to ex-
tend, in recent years, the "age limit" appropriate to major surgery. In
this connection, the patient's physiologic age is a more valid criterion
than chronologic age, and the surgeon is more likely to be guided by that
elusive quality known as general condition.

The presence of concurrent systemic disease is a factor that bears
more on the risk of anesthesia than on that of surgery itself. Certain
systemic disorders are benign and self-limiting, such as viral infections,
and elective surgery can simply be dcferred for an appropriate interval.
Others, like emphysema and chronic renal disease, present a serious and
persistent risk to the patient but ordinarily can be managed with consi-
derable success throughout the brief operative and postoperative interval.
On the other hand, certain stages of advanced or untreatable systemic dis-
ease, like widespread carcinomatosis and intractable cardiac failure, may
absolutely preclude operative treatment of a coexistent Intracranial tumor.

Finally, modern anesthesia has made sufficient strides in recent
years so as to preclude estimated operating time as a major consideration in
the decision to operate, except insofar as evidence suggests the incidence of
operative wound infection is directly related to the duration of the surgical
procedure,

Probability of cure - Balanced against the risk factors delineated
above is the surgeon's estimate of the probability of achieving a cure by
operative intervention; here, the word “cure" refers not only to neuro-
logic restoration, but also to the permanent prevention of tumor recurrence.

As suggested above, the benign extra-axial tumors, eg, meningiomas and
neurinomas, provide the greatest opportunity for complete resection. Included
in this group are benign adenomas of the pituitary gland (malignant pituitary
tumors are extremely rare), which slowly may grow to remarkable size accom-
panied by progressive impairment of visual and endocrinologic function. Some
of these tumors, by hypersecretion of one or another of the trophic hormones,
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may produce well-defined somatic syndromes, like amenorrhea-galactorrhea,
Cushing's disease, and acromegaly which permit detection early in their
development, enhancing the probability of complete resection.10s

Significantly fewer intra-axial tumors lend themselves to complete
resection. Benign cerebellar hemangioblastomas, choroid plexus papillomas,
and certain types of intrinsic cystic tumors of the brain, such as colloid
cysts of the third ventricle and some "pinealomas," ordinarily prove com-
pletely removable. Solitary brain metastases usually are resectable, al-
though permanent cure of the underlying systemic malignancy is only rarely
reported following selective removal of the primary tumor and a single
cerebral metastasis,

The gliomas are oncologically unique, and their surgical management is
almost invariably frustrating. Whatever unknown factors induce neoplastic
transformation of glial tissue, their effects are exerted more diffusely
in the brain than histologic examination of the margins of a surgically
resected glioma would indicate. Consequently, "complete resection" of
even a small, focal glioma by no means precludes recurrence, regardless of
the malignant potential of the tumor; indeed, recurrence is the rule rather
than the exception.

The foregoing discussion properly implies that the decision to operate
is significantly influenced by the known natural behavior of the presumed
tumor type. Some extra-axial tumors and nearly all gliomas possess the
potential for malignant degeneration. Fortunately, in the common extra-
axial tumors, such as meningiomas or neurinomas, sarcomatous transformation
is infrequent. Similarly, the most benign of the gliomas, the cerebellar
astrocytoma, rarely undergoes malignant change; indeed, this single tumor
among gliomas is ordinarily completely resectable and possesses a very low
natural frequency of recurrence, rendering it the only glioma which is al-
most uniformly cured by the neurosurgeon.

In contrast, the other common cerebellar glioma of childhood, the
medulloblastoma, which may sometimes be found in adults, is usually highly
malignant, incompletely resectable, and recurs so routinely that survival

beyond six to eight years is exceptional. The glioblastoma multiforme repre-

sents the endstage of malignant transformation of cerebral gliomas and is
virtually never cured.

Those gliomas intermediate in the spectrum include astrocytoma, ependy-
moma, oligodendroglioma, and microglioma; these tumors are more or less com-

pletely resectable but demonstrate a very high natural frequency of recurrence

and, given sufficient time, a significant propensity for malignant degenera-

tion into glioblastoma, ependymoblastoma, oligodendroblastoma, and other forms.

In view of the above, the efficacy of alternative adjunctive thera-
peutic measures must be weighed in the decision to recommend surgery. Fore-
most among these is radiation therapy, which is considered later in some de-
tail. Intracranial tumors in general are regarded as more or less resistant
to radiation therapy, with the single exception of pituitary adenomas, and
this modality is commonly reserved for palliative or postoperative use,
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Finally, the probability of cure diminishes dramatically with the
discovery of multifocal or disseminated tumor. The common extra-axial tumors
such as meningioma, neurinoma, and optic glioma may occasionally arise in
multiple locations, particularly in association with von Recklinghausen's
disease, Among the intra-axial tumors, gliomas are rarely multifocal, ex-
cept 1n rare cases of tuberous sclerosis and microgliomatosis.

The finding of multiple intracranial metastases from remote malignancy
ordinarily precludes surgical intervention, Similarly, certain of the
gliomas, such as ependymoma and medulloblastoma, may disseminate in subara~
chnoid pathways throughout the neuraxis from a single focus of tumor, a
phenomenon similar to meningeal carcinomatosis. The long-term prognosis in
each of these latter instances is poor.

Potential for restoration of impaired CNS function - From the patient's
viewpoint, the decision to undergo surgery is perhaps most strongly influenced
by the perceived prospect for recovery of impaired neurologic function. The
neurosurgeon is more often preoccupied with the principle that, in the ab-
scence of any treatment, observed neurologic deficits will invariably worsen.
Encased by the bony skull, the intracranial compartment possesses negligible
compliance, and as a result, gradual increases in tumor volume ultimately
produce increased intracranial pressure. When intracranial pressure begins
to approach systemic arterial pressure, a global perfusion deficit becomes
manifest as a diffuse encephalopathy, leading to coma and ultimate death; in
other words, regardless of degree of malignancy, all intracranial tumors
are potentially lethal if left untreated.

In this connection, the probability of reversing any neurologic deficit
occasioned by tumor depends in large measure upon the degree to which the
deficit is caused by localized or generalized compression. In fact, it may
be stated as a general principle that to whatever extent an observed neuro-
logic deficit is a direct consequence of pressure-related phenomena, it may
be surgically reversible; to whatever extent a deficit is secondary to direct
i filtration and destruction of brain tissue by the tumor in question, surgical
resection cannot be expected to improve the situation and may, as heretofore
noted, produce further neurologic impairment.

Palliative value of surgical decompression - In many instances where
permanent cure or reversal of major neurologic deficit cannot be expected,
there may nevertheless be considerable merit in undertaking a subtotal re-
section of the tumor mass for purposes of palliative internal decompression.
Patients harboring benign tumors which for one reason or another are nonre-
movable may be given added years of useful life by repeated decompressions
performed at appropriate intervals. In contrast, palliative decompression
is ordinarily considered only once in the course of treatment of malignant
brain tumors, because the quality of survival late in the patient's course
rarely justifies repeated surgery.*<»

Tumors occurring in the midline of the brain caudal to the sites of CSF
production in the lateral ventricles may obstruct CSF flow which can result
in internal hydrocephalus. Some of these tumors are surgically irresectable
by virtue of location, and in other cases removal of the tumor does not invari-
ably relieve the obstruction. Obstructive hydrocephalus is characterized by
progressive increase in intracranial pressure, frequently to levels incom-
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patible with life, as Spinal fluid accumulates proximal to the site of obstruc-
tion. In such instances, surgical decompression is commonly afforded through
a shunt procedure, in which a conduit usually fabricated of silastic tubing

is introduced into the lateral ventricle and directed around the point of
obstruction into one or another body cavity capable of absorbing or other-

wise disposing of the excess cerebrospinal fluid. The most common shunt
procedure in use today is the ventriculo-peritoneal shunt, although such di-
verse distal sites as the cisterna magna (ventriculo-cisternal shunt), pleural
cavity (ventriculo-pleural shunt), and the heart itself (ventriculo-atrial
shunt ) may be used for this purpose.

Desirability of histologic confirmation - Frequently the surgeon decides
to operate in order to obtain histologic evidence of the suspected tumor's
character. Although modern neurodiagnostic techniq.es permit the accurate
definition of probable tumor type with unusual accuracy, no procedure avail-
able today will invariably distinguish among nonoperative intracranial mass
lesions, such as stroke lesions, those which nearly always demand surgical
intervention, like brain abcesses, and intrinsic tumors, for which surgery
may or may not be appropriate depending on considerations detailed above.
Furthermore, it may be difficult to distinguish by nonoperative means a
benign tumor, like meningioma, which could be removed easily with minimal
risk, from a malignant tumor for which there is little hope of long-term
survival and little justification for attempted resection.

Even in those instances where the general character of the tumor can be
predicted with reasonable accuracy without surgical intervention, direct
histologic evidence about the precise nature of the tumor usually provides
the basis for an intelligent prognosis for both patient and family and indi-
cates the probable efficacy of radiation therapy or chemotherapy.

Operative Techniques - Before discussing in limited detail the various
techniques commonly employed in brain tumor surgery, brief mention should be
made of certain adjunctive methods used to enhance the conduct of the surgical
procedure. Many surgeons employ high-dose steroids for several days before and
after operation, in order to minimize the cerebral edema which characterizes
certain tumors and to reduce anticipated brain swelling following surgical
manipulation,

During the course of the procedure itself, additional reduction in brain
volume may be accomplished by rapid intravenous administration of osmotic
agents such as urea or mannitol. The effect of osmotic agents becomes even
more evident when simultaneous drainage of the spinal fluid is accomplished
through an indwelling lumbar catheter. These techniques are most valuable
when resection of deep-seated extra-axial tumors would otherwise require
significant mechanical retraction of the brain., Their introduction has ex-
erted a profoundly favorable effect upon the surgical management of intra-
cranial tumors.

At least equally significant, particularly in the surgery of deep extra-
axial tumors, is the increasing use among neurosurgeons of intra~operative
magnification. Specially designed operating microscopes now provide ready
stereoscopic visualization of otherwise inaccessible structures, substantially
magnified and brightly illuminated. It is difficult to overestimate the
significance of this development; certainly, the morbidity and mortality
associated with surgical treatment of such tumors has decreased dramatically
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in the last decade or so as a consequence.

Following is a brief description of the surgical techniques generally
employed in the treatment of intracranial tumors.

Craniotomy - This is by far the most common approach to tumor in or
around the cerebral hemispheres. As used by the neurosurgeon, the expres-
sion "craniotomy", refers to the temporary removal of a portion of the skull
en bloc, following incision and retraction of the overlying scalp, in order
to provide access to the intracranial compartment. By definition, the "bone
flap" is secured in position at the end of a craniotomy. The size of the
opening is directly related either to the size of the tumor or to the degree
of difficulty anticipated in its exposure. The location of the opening, for
example, in the frontal, temporal, parietal, occipital or suboccipital area,
or combinations thereof, is generally determined by the surgical anatomy of
the target region and by the cumulative experience of generations of neuro-

surgeons in determining the safest and most expeditious route to a given point
inside the head.l4

In general, a craniotomy rather than a cranfectomy is performed whenever
the required bony opening is greater than an inch or so in diameter and does
not lie beneath a layer of muscle, which could be expected to both protect
and conceal the bony defect that would otherwise result.

Craniectomy -~ This term refers to the permanent removal of a portion of
the bony skull in order to gain access to the intracranial compartment. Both
for protective and cosmetic reasons, elective craniectomies for tumor are
largely limited to the suboccipital region, where the resultant bony defect
is concealed beneath an extremely dense layer of muscle.

Of course, an intended craniotomy may become a craniectomy, if for any
reason the bone flap must be discarded because of developments during the
operation itself. Occasionally in the course of a difficult operation, brain
swelling may become so intense that repositioning of the bone flap might re-
sult in unacceptable intracranial hypertension. In these cases an external
decompression is afforded the brain by loosely grafting the dura and leaving
out the bone flap. As another example, meningiomas may invade the overlying
skull, requiring that all or a portion of the bone flap be set aside.

When an unacceptably large bony defect is left following surgery, elec-
tive cranioplasty usually will be undertaken later,

Other operative approaches - Several less commonly used surgical approaches
have been developed for the treatment of certain extra-axial tumors. Among
the most important of these is the transsphenoidal approach to certain of the
pituitary tumors, some of which are either quite small (microadenomas), or
have had intracranial extension directly above the sella. 13,16 occasionally,
the anatomic disposition of a small gituitary tumor may lend itself to an
alternative transethmoidal approach. 7 A few neurosurgeons who are particu-
larly adept in these techniques have applied their use in treatment of other
types of parasellar tumors, such as craniopharyngioma and meningioma.
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The translabyrinthine approach to acoustic neurinomas was originally
developed for otologic management of small tumors contained entirely within
the internal auditory canal.l8 The operation has been embraced by many
neurosurgeons and is sometimes employed in selected cases characterized by
limited tumor extension into the intracranial cerebellopontine angle.

Like the transphenoidal approach, translabyrinthine surgery is rendered
possible by developments in operative magnification.

Certain extracranial tumors occasionally extend into the cranial com-
partment, and rarely vice versa; these may require a combined operative
approach. The most prominent examples of such procedures are the trans-
orbital/frontal craniotomy approach to optic nerve gliomas extending toward
the chiasm, and the maxillofacial/frontal craniotomy approach for the pur-
pose of block resection of malignancies arising in the paranasal sinuses
or nasopharyngeal region.

Needle biopsy - Needle biopsy of an intracranial tumor may be per-
formed through a very small opening in the skull or trephine. This is
a controversial procedure, with numerous advocates., Its conscientious
application is generally limited to a patient whose diagnostic studies
point to the presence of malignant glioma, for which histologic confirma-
tion of the diagnosis is considered highly desirable, but which has a
bleak prognosis rendering ethically untenable a major operative procedure.
The controversy arises from the deficiencies in the technique: first,
gliomas are characteristically not homogeneous in their pathology, and a
small tissue sample may not be representative of the tumor as a whole;
second, there is an ever present risk of iatrogenic intracerebral hemorrhage,
a complication not easily controlled through the intact skull; finally,
opponents of the technique argue there is almost always some measure of
benefit to be gained by judicious subtotal resection of malignant gliomas,
such as internal decompression, which may prolong survival,

Shunt procedures - The indications for the various shunt procedures
are described elsewhere (see "Hydrocephalus and Shunts" section in state-
ment on Head Injuries); the procedures themselves are relatively simple.
In all instances relevant to the treatment of intracranial tumors, the
purpose is to decompress the lateral ventricles by diverting the CSF formed
there around a site of obstruction in the CSF pathways to a location where
reabsorption of the CSF can occur continuously. The proximal end of a
plastic catheter is directed into the frontal horn of one of the lateral
ventricles through a small trephine opening. Ths distal end is then tunneled
subcutaneously to the chosen absorption site.

In one such procedure, the ventriculo~cisternal or Torkildsen shunt,
this site is the cisterna magna, with the result that the shunt mechanism
is entirely intracranial and presumably less subject to malfunction as a
consequence of somatic growth, minor trauma, or systemic infection. However,
exposure of the cisterna magna requires a small suboccipital craniectomy,
and consequently a less rigorous procedure such as ventriculoperitcneal or
ventriculoatrial shunt is more frequently employed. Most shunting systems
include a device by which an estimation of the system function can be made
by noninvasive clinical examination by a physician knowledgeable about the
characteristics of that particular system.
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Cranioplasty - Operations for intracranial tumors may result in crea-
tion of an unacceptably large skull defect. Restoration of the anatomic
integrity of the skull can be accomplished either by delayed replacement of
the original bone flap, or by filling the defect with a rigid, nonreactive
synthetic material which is properly contoured to duplicate the excised
skull. The materials most commonly used for this purpose are methyl metha-

crylate and tantalum alloy, and the operation is referred to as a cranioplasty.

The procedure is generally straightforward; eomplications are few and
largely related to the propensity of implanted foreign materials to provide
a nidus for the development of late infection.

Surgical Complications

Hemorrhage -~ Meticulous attention to hemostasis should characterize
intracranial surgery, including tumor surgery. Intraoperative hemorrhage
during the course of a neurosurgical procedure can almost invariablv be con-
trolled, and except for the occasional intrusion on a major artery or venous
sinus, the risk of exsanguination during the course of brain tumor surgery
is trivial., Of far greater concern is the damage inflicted on the brain
by the hemorrhage and particularly by the surgeon's attempt to staunch it.
Especially devastating is the deep intracerebral hemorrhage that can occur
away from the operative field as a consequence of traction on the parent
artery. Few visions in surgery are more ominous than the explosive expan-
sion of a cerebral hemisphere as a unseen arterial hemorrhage dissects its
depths. 1In such an event, death or a lingering death, is almost inevitable.

Postoperative hemorrhage, while infrequent, is an ever present threat
during the first 72 hours after surgery. Its occurrence is indicated
clinically in early postoperative hours when a patient fails to arouse
appropriately from anesthesia, and later, by gradual reversal in the re-~
covery process, with the development of progressive obtundation and focal
neurologic deficit. Because postoperative hemorrhage is usually venous in
origin and is subdural or extradural and extrinsic to the brain substance
itself, the gradual accumulation of hematoma is often insidious; deterio-
ration ordinarily proves reversible if surgical evacuation is undertaken
without delay.

Brain edema - The brain is depressingly susceptible to the development
of siginificant edema in response to a variety of noxious influences. 20
Microscopically, the accumulation of edema fluid may occur in either the
interstitial or in the intracellular compartmentSZI; macroscopically,
swelling may be 80 severe as to constitute a significant mass lesion.

Intracranial tumors routinely stimulate the development of edema in
adjacent normal brain. This phenomenon most typically characterizes intra-
axial tumors such as gliomas and metastatic deposits, and the mechanism
appears to be cytopathic.. In general, the volume of edema appears directly
related to the degree of malignancy of the tumor and is most intenge in the
vicinity of metastases and at the margins of glioblastoma multiforme.

Edema is somewhat less frequently observed in neural tissue contiguous
to extra-axial tumors, in which cases the pathologic mechanism may be chkronic
venous compression. Significant brain swelling can also be stimulated during
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surgery by mechanical retraction, through ischemia and venous compression
and by manipulation of brain tissue itself., Intraoperative overhydration
may intensify its development.

Edema is more easily prevented than treated. As discussed above, judi-
cious use of high-dose steroids and intravenous osmotic agents are commonly
effective in minimizing this complication. Therefore, surgical decompression
by resection of edematous brain is seldom necessary.

Infection ~ Operative wound infection is a major, albeit infrequent,
complication of brain tumor surgery. Because most surgical infections
occur as a consequence of ailrborne contamination, their incidence in neuro-
surgery correlates closely with the duration of the operation. The infecting
organism is usually a variety of gram-positive coccus, notably Staphylococcus.
The focus of infection may be superficial or deep, and its clinical presen-
tation may be either dramatic or indolent. Chronic osteomyelitis of the de-
vascularized bone flap is a common site of wound infection.

The risk of infection may be heightened by prolonging the operative pro-
cedure, the implantation of foreign material, such as cranioplasty or shunt
tubing, the presence of concurrent systemic infection, the use of drains for
more than a few hours postoperatively, and surgical failure to debride devitalized
tissue. Treatment of operative infection should be aggressive, combining
the use of appropriate systemic antibiotics and adequate surgical drainage
and/or debridement, with removal of foreign bodies.

The routine use of prophylactic antibiotics in brain tumor surgery is
not widespread among neurosurgeons, except when intrusion into a paranasal
sinus is anticipated.

Increased neurologic deficit - Transient worsening of a preexistent
neurologic deficit is often observed during the immediate postoperative
period and relates to certain self-limiting effects of the operative pro-
cedure, including neural compression and retraction and focal edema, Perma-~
nent iatrogenic worsening is distinctly less common; although sometimes
unavoidable, it must be considered a surgical complication.

Although brain tissue has essentially no regenerative capacity, "plasticity"
and complex adaptations within the CNS often permit progressive functional
improvement over a period of many months after injury, rendering obscure the
temporal distinction between a transient and a permanent postoperative
deficit, Nevertheless, the physician is often called upon to estimate that
point in time at which maximum recovery is ordinarily achieved; in general,
deficits persisting 6 to 12 months after the operative experience are likely
to be permanent.

Seizures - The probability of a postoperative seizure disorder in any
given patient is directly related to the occurrence of seizures prior to
tumor removal, a consequence of the fact that epileptogenic foci are not
contained within the tumor itself, but result from irritation of the conti-
guous brain. Such foci develop far more commonly in the cerebral cortex
than in deep structures, Moreover, it has been noted that certain tumors
characteristically stimulate the development of epileptogenic foci, for ex-
ample, meningfomas, gliomas, and metastatic deposits, while other tumors, such
as those of cerebellum and pituitary, rarely do so.
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The development of selzures postoperatively may also be influenced by
surgical technique, because the exuberance of the healing process is thought
to be directly related to the volume of injured tissue left behind, with the
result that intense gliosis can lead to the development of an epileptogenic
cicatrix.

Cerebrospinal fluid leak -~ Occasionally in approaching an intracranial
tumor,  the surgeon enters a paranasal Sinus or mastoid air cell, either
inadvertently or deliberately, as when using a transsphenoidal procedure. If
the communicating structure is not adequately isolated, and particularly if
the dura is not closed "water-tight," it may serve as a conduit for egress
of cerebrospinal fluid, resulting in rhinorrhea or otorrhea. Under these
circumstances, the bacterial flora of the nasopharynx may gain access to the
intracranial compartment; such patients are continuously at risk for devel-
opment of pyogenic meningitis. Fortunately, this complication is rarein
tumor surgery, but its early recognition is mandatory. Appropriate treatment
almost invariably requires surgical reexploration and closure of the leak.

Neuroendocrine disturbances - Most, if not all, endocrine activity appears

to be mediated directly or indirectly by the central nervous system through

the hypothalamic-pituitary axis. It is therefore not surprising that intra-
cranial operations, including tumor surgery, occasionally can be complicated
by the development of one of several neuroendocrine deficlency syndromes.

The risk of such a development increases dramatically when the operation is
performed in the region of the third ventricle, hypothalamus, and pituitary
itself,

Surgical resection of large pituitary adenomas and other parasellar lesions
often results in permanent panhypopituitarism, which requires the patient to
be maintained indefinitely on hormone replacement therapy. In contrast, small
adenomas can be completely removed using modern techniques with a very low
incidence of this complication.

Another distressing complication is diabetes insipidus, which usually
results from minor injury to the hypothalamus or proximal pituitary stalk
during the course of craniopharyngioma resection. Fortunately, this compli-
cation is often transient and can be managed with relative ease by periodic
administration of natural or synthetic vasopressin.

Finally, the syndrome of inappropriate antidiuretic hormone (ADH)
secretion 1s occasionally seen after any type of brain surgery, although
it is more commonly associated with generalized head trauma. The mechanisms
underlying this syndrome are poorly understood, but its recognition early in
the postoperative period is extremely important, because the inappropriate
retention of free water enhances the development of cerebral edema and depresses
neurologic performance by dilution of extracellular electrolytes. Rigorous
fluid restriction is usually sufficient to manage this condition, which
rarely persists for more than a few weeks.22

Communicating hydrocephalus - Just as intrinsic midline tumors physically
may impede CSF circulation within the brain substance causing "obstructive
hydrocephalus," functional derangements of spinal fluid reabsorption also may
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result in progressive accumulation of CSF accompanied by ventricular dila-
tation and intracranial hypertension, a condition known as "communicating
hydrocephalus." This disorder 1s sometimes seen following brain surgery and
1s presumed to result from the spillage of blood into the subarachnoid path-
ways, with secondary impairment of CSF absorption by the arachnoid villi.

Communicating hydrocephalus probably occurs more often than is commonly
realized, since its effects are subtle and ordinarily self-limiting. However,
on occasion the condition persists and requires surgical relief. Predict-
ably, one or another of the shunt procedures provides decompression. The
choice of procedure is somewhat limited by the fact that the absorption
defect lies distal to the cisterna magna, precluding the ventriculocisternal
shunt,

In any case, the presence of a shunt should not, in and of itself,
disqualify an individual from licensure or flight duty. Rather, the under-
lying disease process for which the shunt was performed, or the development
of known complications associated with the shunt system, like infection or
shunt malfunction, should be the prime determinants of an individual's
fitness for flying.

In summary, surgery for intracerebral tumors has five goa1523: 1. diag-
rosis; 2., relief of symptoms, especially those arising from increased intra-
cranial pressure; 3. debulking of tumor as a form of anticancer therapy;

4. permitting time for radiation and early chemotherapy; and 5. increasing
tumor susceptibility for the latter modalities by increasing the relative
percentage of active cells. These goals, along with other factors relating to
a recommendation for surgery, will be discussed below.

Medical Therapy of Intracranial Tumors

Corticosteroid hormone therapy for intracranial neoplasms constitutes
the most important initial treatment modality. Steroids appear to work
by reducing edema and almost always improve general clinical condition,
Although somewhat less effective against specific clinical manifestationms,
they may still improve weakness and stabilize ataxia, and they often are
important in reducing seizure activity.

Anticonvulsants are of obvious importance for patients who have seizures,
and any patient who presents with generalized or focal seizures is likely to
be on anticonvulsants for prolonged periods perhaps extending three to five
years. Patients who do not have seizures as part of their initial manifesta-
tion of intracranial neoplasm usually do not require long~term anticonvulsant
therapy. Since the likelihood of a seizure following clean neurosurgical
intervention is low, it is usually not necessary to maintain such patients on
anticonvulsants, It is crucial with patients who have frequent seizures,
however, to have anticonvulsant blood levels measured regularly and to
ascertain their compliance in taking the anticonvulsants. Seizures occurring
late after primary therapy for intracranial neoplasms suggest recurrence of
tumor and should immediately lead to reevaluation of the patient's status.
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Endocrine replacement is sometimes neceasary following treatment of
pituitary adenomas and includes anterior—pituitary hormones, cortisone,
thyroid and androgen, estrogen, and pitressin for diabetes insipidus as
required, Once the patient's condition has stablized, prudent use of
replacement therapy need not constitute a restriction to flying. Periodic
evaluation at 6 to 12 months intervals should be required.

Radiation therapy (RT) often implies a noncurative situation and is
utilized primarily for malignant tumors.24-29 Such tumors are usually
treated by whole-head or large field RT ports for total radiation up to
6,000 rads, RT has been recommended as a form of treatment in low-grade
gliomas, 30-32 put the efficacy of such therapy has not yet been proved.
Such radiation is usually limited to the region of the tumor, and total
doses rarely exceed 5,000 to 5,500 rads. RT is the therapy of choice for
most metastatic brain tumors33 and is an important form of treatment in a
patient with cancer wh