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On August 16, 1977, the Federal Aviation Administration (FAA) Sl>li-
cited a propoal fr- the Allericaa Medical Association (AMA) for an authori
tative document concerni:Dg the current state of knowledge about selected neuro
logical and neurosurgical conditions. This report was required in connec
tion with FM rffi.ew of regulato~ standards. examination procedures. and 
decisions about medical certification of &irman applicants. 

AMA received the FM proposal on August 22. and D:-s. A. J. Finkel ai:d 
ll. 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 wh:!ch outlined plans for the initiation and implementation 
of the report. together with a t:l.me schedule and cost estimates. Of critical 
importance was the very short deadline, September 30, for final approval and 
acceptance by PAA of an .lMA proposal. 

There -re 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 wo:-k effectively with the major professional 
sroups who could help us prepare a truly authoritative docU111ent. 

From the beginning, we recognized it was essential to involve the !.;neri
can Academy of Neurology (A/IN) and the American Asscclation of Neurological 
Surgeons (AANS), Therefore, on September 8 we met with representatives of 
AAN and AANS to discuss the proposal and to solicit their assistanc~. Their 
representatives were enthusiastic about the project and the Associations agre~d 
to participate in it. With this assurance, the AMA proposal was developed, 
submitted en September 16, reviewed by the FAA, and accerted on September 
30, 1977. 

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

On November 14, the Steering COllllllittee 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 
Co;m!ttee agreed to consider 8 !lllljor topics, ranging from cancer, through 
head injury and beada~he, to syphilis and .syrinsomyelia, They also selected 
expert physicians to serve as panel chairmen and compiled a roster of prospec
tive -~ers, from which the chairmen vere requested to select neurologists 
and neurosurgeons for their panels. 
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Qualifications and credentials for panel menbershio included experience 
in the field, peer recognition, and demonstrateci ability to produce scholarly 
publications. The Steering Conrlttee also sought broad national representation 
of educational institutions and geographic arC!Ss. Anticipating the pending 
submission date of the report, the Comittee 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 
reconmendations. 

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 Conmittee members discussed previously circulated panel statements 
and issues arising from them. Later in the two-day conference, the panels 
met to revise their statements, considering the discussions :md input of 
conference ~articipants. Following editi~ 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 -tter in the United States, and withoyt doubt it will be
come of even greater ~0111ent. According to FAA statistics, in 1976 there were 
744,246 persons ~nth<! U.S. with airmen's certificate.., of which 45,072 certi
ficates were for air t~ansports and 187,801 were for commercial flying. In 
the sa.wa year, there e1'lsted a. passea.ger-carcying fleet of 2,492 planes and 
178,304 other active airplanes. The 45,072 transport pilots flying the 2,492 
air carriejs S1110Ug U.S. cities amas~-=d the amazing total of 145.3 billion, or 
145.3 x 10, passenger-uiles. 

Many American physicians are actively involved in aviation medicine. They 
examine airline pilots with Class I licenses twice yearly, atd coaiercial 
pilot~ with Class II licenses once yearly. In 1976, they sent FAA reports 
concerning 1110re than 450,000 medical examinations. The st'ldy and report which 
follows is intended to assist such clinical activities. 

Most certainly, this study would not have been possible without major com
mitments of tine and effort by the members of the ei~ht study panels and the 
Steering COlllllittee, and the AMA is grateful to those emin<?llt neurologists and 
neurosurgeons. In addition, we acknowledge the encouragement and help of 
Dr. William H. Bark of FAA, and the support of Drs. Asher J. Finkel and Richard 
J • .Jones of AMA staff, 

Special recogniticm must go to staff 1al!!llbers of the Depart111ent of 'Em71ron
mental, Public, and Occupatiowal Health-to Mr. Frank W. Barton, Deputy Project 
Director, who developt.'Ci che proposal and guided the project with excellent 
unagerial skill; to Mrs. Rita M. Palulonis for careful editorial efforts and 
attsition to fo~t; to Miss Leatha A. Tiggelaar, Acministrative As11istant; and 
~o Mss, c. A, Campbell, B. s • .Jansson, and N. T. O'Connor for their efforts in 
preparing the typescript. 

We of AMA believe tins 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 thot••end• of the uatiou'a cUnicians. 111 th&t way, we hope it will contri
bute not on1y to the health of thia uation's pilots, but also to the safety &nd 
-lfare of m.lliona of its other citizens. 

Theodore C. Do~ge, M.D. 
Project Director 

1. Pede<nl Aviattoa Amd.ldauattou: PAA Statistical Handbook of Aviation. 
lifechfna'=oa, DC0 US Dept of Transportation, 1976. 
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CEUBROVASCULAR DISEASE - PANEL 1 

Jack P. Whilnumt, Ml> (Cbain:an), Robert M. Crowell, MD, Russel Jl. Patterson, 
Jr, MD, Siclney J. Peerless, MD, Jaaes T. )lobertson, MD, Adolph t. Sahs, MD, 
and Fr&lk M. Yatsu, MD 

Sympt<:IIIS due to cerebrovascular disease may occur suddenly without 
-ming. 11.esic!ual disability ccanonly results, and the physical or intellectual 
impaiment may be severe enc,ugh to deny flying status. The various ischemic 
and hemorrhagic cerebrcvascular disorders have been considered from the 
standpoint of probable recurrence of sudden, unpredictable disability. 

In s-ry of this report, we judge ischemic cereb:i:ovaacular disorders 
to recur with a freqi.ency sufficient to justify denial of flying status 
except in unusual cire1astances. If en ischemic event were cau&2d by an 
embolus from a cardiac source, and that abnomality were corrected, then 
the judgment concerning flying status would depend on whether ther2 is 
physical or intellectual impai:ment of function. 

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

When subar.-chnoid heaorrbilge (SAH) occurs and the bleeding aneurysm is 
isolated fr0111 the circulation, judgment concerning flying status should be 
made one year after the SAH. If neither aneurysm nor another cause is found 
for the SAR, j~dgment may be made concerning flying status one year after 
the SAR, using the same criteria as for surgically obliterated aneurysms, 
with the exception that repeat angiography should not be required at that t:!llte. 

ISCHEMIC CEllEBllOVASCULAll DISEASE 

DIAGNOSTIC ENTITIES 

These include trans:l.ent iscbemic attacks (TIAs) of brain; reversible 
ischemic neurologic deficits (lUllDs); 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 lll:l.nutes to hours; however, minimal 
neurolog:!.c deficits may persist as long as 24 hours. 

11.INDs are •:lwiJar iu 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 infarctiou aay develop within seconds to minutes as is c0890n 
with e11bd.ic infarctiou0 or it -y develop over a period of saveral hours to 
eeveral days as is characteristic of progressillg stroke or of stroke-in
evolutiou. A completed cerebral infarct is chsracterisecl by a relatively 
stable neurologic deficit persistillg for a period of observatiou of three 
weeks or more after the onset of symptoms. 

Thf- diagnosis of TIA or 1UND is prisarily a clinicu diagnosis, because 
frequently the patient is asymptomatic when seen by the physician and no 
neurologic deficit exists. 

The diagnosis of embolic cerebral infarctiou is suggested when there is 
abrupt onset: of neurologic deficit wit:hin seconds or minutes, particularly 
when there is a valvular lesiou or a tumor in the hear.::, cardiac dysrhythmia, 
or a combinatiou of these. which can cause development of a clot in the heart 
serving as a source for embolic material. 

Thrombot:ic 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 JDOst 
characteristic symptoms are those of 11111Surosis 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 aonoparesi&. For the poste~ior 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 
coaaon intermittent symptom in benign disorders, it i.s 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 symptoins 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 '!IA, 
but it is important enough to require ophthalmologic and neurologic consultation. 

Transient global amnesia (TGA) is an episode of umesia ot' varying severity 
which usually persists fore few hours. Although in most instances it is probably 
due to an iachemic process, it is unusual for such episodes to recur or to 
lead to an incapaciUtillg stroke. This should not be considered to be in the 
same category as TIA. Patients with TGA should undergo neurologic evaluation, 
including EEG and psychmetrics 0 for evidence of residual abnormality. 

OTHER. RELEVANT DIAGNOSnc CRITERIA AFPECTillG l'ROONOSIS 

The majority of TIAs and RINDs are due to extracranial ulcerative or 
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occlusive disease, altbough iclezl.tical -,.pt011& occur wil:h "tight" stenosis 
or c:caplete occlusion of intracranial arteries. In addition, tr-ient 
neurologic oeficits s:laulating TIAa of brain clue to athero11elerotic vaac:vlar 
diee&se are seen in other pathologic proceseu. These mc1ucle: 

1. other vascular discrders such as cranial art~tis, fibroaus
cular dysplasia, or lligraine 

2. comprcesive lesions euch a,. NT1ingi-, basilar 1apression, 
and late onset Arnolcl-chiari SyndToae 

3. marited reduction in carcliac output due to dysrhytbmia or asystole. 
though reduced cardiac output ueually does not produce focal 
neurologlc deficits 

4. cardiac emboli, as in association with atrial fibrillation and 
llitral valvular disease. ,:,osmyocardial infarction, ventricular 
aneurysm, prolapse of the llitral valve, smoatrial nodal rhytla 
defects, atrial ayXOIIIIS, nonbacterial thrombotic endocarditin, 
and bacterial endocarclitis 

5. hyperviecocity of blood in disorders such as thrcabocytoais and 
polycythellia vera. 

There are other disorders which aight a:bdc a coapleted stroke. These 
include: 

1. Todd's paralysis 
2. intracranial neoplasm 
3. subclural haaatcaa 
4. brain abscess 
5. hysteria 
6. global cerebral ischeaia associated with heart block 

Hyperteusion plays a role in the clevelopaent of cerebral mfarction or 
in the development of Tlia or KDID&. ~ to a blood vessel aay produce 
cerebral mfarction and would not be ezpected to recur. 

If the source of cardiac -11oli is corrected, the condition should be 
considered to be cured. When il"cbewic episodes occur in association with 
fi.braauscul.ar dyaplasia, the _.,..,Jar comlition ahould be thought of as a 
self-Uaiting condition which will reaolve in time. Jlesolution of the vaa
cular lesion can be ~t:erllined by arteriography. 

Other risk factors which aa.y be aseoc1ated with i"Cbemic cerebrovascular 
ciisease :Incl...,.,~ 

l. faily history 
2. elevated blood lipids 
3. diabetes aellitus 
4. obes1.ty 
5. cigarette -king 
6. oral cmitraceptives in -
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The presence or absence of these risk factors may affect the decision concerning 
flying status. 

'RELEVANT DIAGNOSTIC PROCEDURES WHICH AID IN DETERMINING l-&OGNOSIS 

~ 'ftl!ral Diagnostic Pro-cedures 

Procedures which may help in maldng a judgment about ttie conditions 
associated with cerebral iscbemia include: 

1. funduscopic examination 
2. auscultation over the cervical arteries and over the globes of 

the eyes 
3. blood preseure determination 
4. urinalysis 
5. complete blood count 
6. serological test for syphilis 
7. serum glucose, urea nitrogen, and serum lipids 

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

Special DiagI\ostic Procedures 

StJdies with the major purp~4e of identifying a correctable disorder and 
minimizing the likelihood of recurrence of the ischemic cerebral symptoms include: 

1. s-ray of the chest and skull 
2. computed tomography of the head (CT scan) 
3. electroencephalogram 
4. isotope brain scan 
5. spinal fluid exam:Jnat:ion 
6. electrocardiogram 
7. echocardiogram and/or sector scan 

PROGNOSIS RELATIVE TO SUDDEN OR DISmIOUS INCAPACITY 

Patients with TIA have a 20% risk of stroke occurrence in the first year 
and approsimately 5% to 10% 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 ic about 8% to 10% per year. 

f•atients 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 nth a cerebral infarction bas 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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MED:100- TRJll'NFRT AtiECIDIG nooaos:is OR PDEOmfA1K;E 

'In patiellta with atncraia1 occlusive d:IHese who have TUs or RDDs, 
oral antic:oqalant therapy or ad.platelet agregatian therapy aay reduce the 
probabilicy of attol:e. llhen a cardiac lesion is the cauae for cerebral 
iacbel!ia. correction of the cartiac lesion 'IIOUld be reason to judge that the 
patient was no longer at a increased riak for stroke. Patients with TIAs or 
lllllDs aay be eand:ldatea for antih)'pertenaive therapy, which my reduce the 
probabilicy of further stroke. 

SURG:lCAL TREA'NJ!lll'I' .AFE'ECTDIG l'IOOIIOS:IS oa l'ElliOIUWICE 

ktr# .. nmfal lleconatrvctive Vaacular Surgery 

Carotid endarterectcay aay reduce the risk of stroke occurrence in 
patients with TIA, or of stroke recurrence in patients with a1nfaal residual 
neurologic deficit. 

Extra- or Intracranial Anastomotic Procedures 

These procedures include superficial tmporal-aiddl.e cerebral artery 
anastomoses and occl.pital-poaterior inferior cerebellar artery anastomoses. 
They are perloraed in patients with wild neurologic deficit following a 
coapleted stroke, or in patients Who have had Tlis or llINDs, and IIISY reduce 
the risk of stroke occurrence or recurrence. 

Either aedical or surgical ther=Py, as described,_,. decrease the risk 
of stroke, recurrent stroke, or recurring TIA. h most instances. the risk 
.rould still. he great enough to disqualify, person from flyblg status, but 
there could be uceptions based upon reevaluation of the person and passage 
of ti..e. 

OT!IER. CONS1DERAT10HS 

Asymptomatic Carotid Bruit and Internal Carotid Stenosis 

In an occasional person, a bruit will be detected in the cervical region 
in the abs,mce 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 rislt for suoke. 1f the bruit is well localized over the region of 
the c_.n carotid artery bifurcation, there is a high likelihood that it is 
associated with stenosis of the internal or the extemal carotid artery. There 
i.s soae evi.dence those patients wi.th asy2pt0111ati.c internal caroti.d sten-osis may 
be at an :l.ucreased ri.slt of stroke. 5- authori.ties recOIWlelld no treatlllent for 
such patients. The data are insufficient to judge whether carotid endarterec
tomy in such patients will decrease thei.r risk of 110rbidity and mortality. 

A patient with an aa,apt0111atic bruit at the carotid bi.furcation should be 
reevaluated every six -tbs. lleevaluation should include usesmnent of 
history by a neurologist and 111ay incl-uc!• un1n•tion of the optic fundus for 
emboli and noninvasi.ve stw:!i.es to assess perfusion or pressure in the carotid 
ci.rculation. 

L 
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Asymptmatic Occluaioll of - btracrania1 Artery 

1lben a patimlt is heiDg -i.-ted for other -,.pt- or for cervical 
lmdta, ampoaraphy will oecaaioaally detect c:oaplete occluiOll of a cuotid 
or vertebral artery. Sacha con41tiOll app er• to have a good prognosis, 
and it is rec d.cl that flying atatus not b. deflied because of th1a finding. 

BltAD Jnn+MRHAR, ALL CAUSES 

DIAGNOSTIC ERilTIES (ETIOLOGIES OF B1tAill BEN!mtBAGE) 

Primary brain heslorrbage ia -Uy hypeztenaive and 11ay be: 

1. pvt_, 
2. thalami: 
3. cerebellar 
4. pontine 
5. subcortical 

Racrrhagi.c disorders 111ay be related to: 

1. leukenie 
2. anticoagulant therapy 
3. liver failure 
4. sepsis with vasculitis 
5. collagen vascular disease 
6. hemoph:1.lia 
7. diss-•v•t:ed intravucular coagulation 

Other entities in differential diagnosi• include: 

1. tra1Da 
2. cerebral aneurysm 
3. arteriovenous 111a1formation 
4. neoplasm 
5. hemorrhagic infarction 
6. causes of subaraclmoid hemorrhage (&ee list, p. 12 ) 

KINilllJM CRITEllA FOR DIAGliOSIS 

Brain hemonb.age within one week of ictus can be disposed by the presence 
of intraparenchymal 119atma Oil the plain CT scan. Preauaptive diagnosis of 
brain heslorrnage can be made on the basis of sudden headache and focal 
neurologic sips, usually associated vi.th blood in the cerebrospinl'l fluid 
(CSF). In aoae casu, brr,111 h-,rrhages too -U for detection on CT scan 
may produce blood vi.th :irauthochroma in the cerebroapinal fluid; these findings 
can also be caused by prilll&ry subaraclmoid bemrrhage. In the absence of 
CT scan data in the first -elt, there aay be difficulty in distinguishing 
infarct and heaorrhage. 
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ETIOLOGY 

Hypertension aay be accepted u the cause of brain hemorrhage when one 
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 trama 
5. normal coagulation studies 

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

Heaorrhagic disorders will be detected by .:oagu1ation studies, and 
apecific entities such as leukemia may be diagnosed by coapl.ete hematologic 
evaluation. Trauma as a cause will generally be evident :.'ram history and 
physica1 findings. Cerebral aneurysms and arteriovenous ulforaations can 
generally be detectad by angiographic evaluation of the entire intracranial 
circulation; these entities are considered separately in this section. 
lntracranial. neoplasms are usually detected with CT scan with and without 
contrast material, or angiography, and these lesit.lDS 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 hl!IIOrrhage almost always appears 
with the initial illness, the -.c>st iJllportant prognostic factors relate to 
the neurologic examina~ion after convalescence from the initial illness. 
Size and location of heaatoaa 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 heaiplegic with a large pntaaenal hemorrhage. 

DiagJ1ostic aids in assessing disability may include quantitative 
neurological exam:lnat-.ion and psychological testing. CT scan and lumbar 
puncture (LP) can assess developaent of hydrocephalus. EEG can help assess 
the possibility of seizures. 

It is rare that a orain hemorrhage will. recur. Risk f;tctors for recurr
ence would include uncontrolled hypertension, anticoagulant therapy, liver 
failure, blood dyscrasia, and intracranial vascular anomaly or neoplasm. In 
the nonhypertenaive young adult, every effort ought to be made to find a cryptic 
arteriovenous aalformation (AVM). 

RELEVAl'IT DIAGNOSTIC PROCEDURES AIDING DIAGNOSIS AND ASSESSMENT OF PROGNOSIS 

Computerized Tomographic (CT) Sean 

This ia the procedure of choice for tile d1agno,.is, local.izing, and 
sizing of intracerebral hellatcaas. JTnenhan,.ed CT :scan reliably demonstrates 
significant intracerebral he.orrbages within one -k after the ictus. CT 
scim after intravenous contrast -terial -t:laes can d5IOUStrate a vascular 
anomaly or t1a0r which caused the i,e.,rrhage. CT scan also gives a precise 
indication of residual ~toaa and other duturbances, such as edeiaa or 
hydrocephalis, after medical or BUrgical therapy. After the acute illness 
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is over, CT scan permits assessment of chronic pathology, such as porencephalic 
cyst, local ventricular dilatatio~. cortical atrophy, and hydrocephalus. 

Coagulation Studies 

Every patient with spontaneous intracranial hemorrhage ,;hould have a 
plate1et count, protbrombin t!De, and partial thromboplastin time to assess 
disorders of coagulation, which occasionally can lud 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 available, 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 dyscres~as, 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 satlzures is low except tihen the cortex bas 
been involved. CT scan can indicate rather precisely the locus of the lesion 
and tnus 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, snd avoidance of seizures 
by anticonvulsant administration. In long-term management, control of blood 
pres8ure and maintenance of normal coagulation minimize the already low risk 
of recurrent hemorrhage, if surgical lesions are not present. Continuin~ 
anticonvulsant therapy for 6 to 12 months can minimize risk of seizure. Rehabi
litation may be helpful, including physical and speech therapy. 
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SURGICAL TIEATMPT AFFECT1RG PROGIIIOSIS 01!. PEUOmWICE 

When a hypertdlSive or traaaatic brain hemorrhage causes progresisive 
deterioration, surgical evacuation of the hellorrbage can be life-saving. 
Whether eventual aerbidity can be lessened by removal of a hematoma in a 
patient with a stable deficit bas not been established. In patients with 
cerebellar hemorrhage, haatma evacuation way be advisable if done in the 
first 48 hours after beaorrhage, because sudten decline occurs unpredictably. 
Adequate surgical treatment of anetnysms, AVMs, and tumors greatly decreases 
the chance of recurrent hemorrhage, but preoperative deficit and seizure 
potential. will not be reduced. 

SUBAl!.ACBNOID Jml>1!RHAGE 

DIAGNOSTIC ENTITIES 

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

MDmmM CRITElUA FOR DIAGNOSIS 

A patient with SAR from an intracrania1 aneurysm or arteriovenous 
walformation may disrlay one or more of the follon.ng: 

Histary 

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

2. Ocul01110tor nerve paresis, progressive, usually painful. Unilateral 
cavernous sinus aneurysm may be excluded, because it does not produce 
subarachnoid hemorrhage 

3. Focal or generali.zed seizures 
4. Continuous nontraumatic cranial bruit or AVM 

1. 
2. 
3. 

Signs of wieningeal irritation present, eg, stiff n"ck, Kernig's sign 
Subhyaloid retinal hemorrhage 
Partial or complete oculoaotor nerve paresis, usually with pupillary 
invol-t 

4. 0--...her cranial nerve palsies or ~dence of a aass lesion (rare) 
Cranial bruit or AVM C .,. 

6. Progressive spinal cord a:t,na, as with cord AVM 

Laboratory Exanrina~ion 

Proof of aubarachnoid hemrrhage depends on either of the following: 

1. llontr-tic spinal punccare reveals bloody or xantbochromic fluid, 
USU&lly under elevated pressure; if bloody fluid is centrifuged 
proapUy and the aupernatr.it fltd.d is zanthochromic, recent ::ubarachnoid 
bleeding is established 

- - ---- ---- ----------
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2. CT acan, ,;menhanced, may confinl subaracbnoid, focal, or ventricular 
~rrbage; CT scan with contrast enhancement is often diagnostic of an 
uteriovenous malformation and aay demonstrate an aneurysm 

Radiological Exam1na~i.on 

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 recanended. Since 8% of ~uryS11S 
-Y not be demonstrated on the initial stuc!y under the best of cir
cumstances, a repeat artertogram should be performed, usually 7 to 10 
days later. Selective spinal angiography may be r...rranted, if signs 
of spinal cord disease are present 

2. Plainskull x-rays may demonstrate curvilinear calcification at the 
base of the brain, indicating aneurysm, or irregular curvilinear cal
cification-over or within the brain, ie, an AVM 

OTHER RELEVANT DIAmlOSTIC CRITERIA A.."'FECTING THE 'PROGNOSIS RELATIVE TO THE 
IMHEDIATE HEMORRHAGE 

Clinical Course 

1. The prognosis is related to the severity of the subaracbnoid hemorrhage 
and to the prese.i.:e of an associated intracerebral hemorrhage. These 
factors are clinically correlated as follows: 

Grade O - Neurologically intact patient without signs of meningeal 
irritation 

Grade 1 - Neurologically intact patient with signs of meningeal 
irritation 

Grade 2 - Minor neurological deficit Ll patien~, or altered state of 
consciousness, with signs of meningsal irritation 

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

Grade 4 - Comatose patient vit:hout 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 
~2 is usually favorable if rebleeding does not occ.ir. 

2. Other adverse factors include: 

a. prolO!lged 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 Examina~i.on 

1. EEG 11111y show focal dysrhythmias associated with progressive 
deterioration of the patient 
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Radiolopcal FTallination 

1. Cerebral angiography may demonstrate diffuse or segmental vasospasm 
correlated with focal or geaeralized neurological deterioration; 
this p'l:encoenon is rare in AVM bleeding 

2. Cerebral angiography -Y demonstrate a mass lesion due to hemorrhage 
or infarctic:i, or indirect evidence of hydrocephalus. Occasionally, 
subeural hellatoma occurs 

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

4. CT scan may de111011Strate intracerebral, intraventricular, massive 
basilar subarachnoid or subdural bleeding; hydrocephalus o!" cerebral 
infarction may be seen 

RELEVANT DIAGNOSTIC CRITERIA WHICH 'WOULD AID IN DETERMillING PROGNOSIS 

These include examinations one year after recovery from the last subaracbnoid 
hemorrhage; the fullowinct should be considered before making determinations 
as to flying status: 

Clinical Course 

1. Assessment of motor, sensory, language, or intellectual function by 
a neurologist 

2. Clinical history in regard to seizures 
3. Assessment of disability secondary to the medical or surgical compli

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 epileptifor.n abnormality as determined by a 
neurologist (see chapter on Seizure llisorders) 

Radiological Examination 

1. Angiographic proof of ezclusion 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 intracran:ial. artery that is asymptOlllatic and associated 
with a nonaal. 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 v:Lth the CT scan done adjunctive to the subarachnoid 
heaorrhage (see discussion of hydrocephalus, chapter 3) 

PROGNOSIS REIATIVE TO SUDDEN OR INSIDIOUS INCAPACITY 

Presence or persistence of an intracranial subarachnoid aneurysm or AVM is 
a pen,anent contrainclicati,;,n to flying status. This restriction al.so applies 

. ' . 
~ '-'~ .. "'·;:; -i-~..,..::: _;_"'. ·~ ._;..;.· ~ 
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to asymptomatic aneurysms or AVM discovered incidenta1ly. 

Absence of :blpairment of sensory, notor, language, or intellectual function, 
as determined by a neurologist one year following surgicaJ 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 
treatment would be therapy directed to concomitant pulmonary, .:ardiac, or 
renal problems related to the subarachnoid hemo=hage (see report concerning 
seizure disorders). 

SURGICAL TREA'IMENT AFFECTING PROGNOSIS OR PERFOR."'!ANCE 

Operations which exclude aneurysms or AVMs frCl!!l the arterial cir.:ulation 
are curative. Operations in which there is coating or reenforcement of the 
aneurysm, or in ,.• :.rh intraluminal thrombosis or proximal li.gation procedures 
are done, may be . .neficial but are not considered carative. 

Healing of any cran:!.otomy wound is recommended before resumpr.ion of flying 
status. 

SAH without demonstration of an aneurysm or AVM, as indicated in the section 
about SAH due to =eurysm or AVM, includes systemic causes of SAH. Reasonable 
exclusion of these con.iitions is necessary, and approval or denial of flying 
status should be determined by the specific disease entity bei:>g considered. 

Ct\:JSES OF SUBARACHNOID ll'EMORRHAGE 

Diseases of the Blood - Coa&ulopathies 

1. Hemophilia 
2. Thrombocytopenia 
3. Leukemia 
4. Waldenstr8m's Hacroglobinemia 
5. Ly;,,phoma 
6. Myeloma 
7. Aplastic anemia 
8. Hereditary spherocytosis 
9. Sickle cell anemie 

10. Pernicious anemia 
11. Polycythemia 
12. Afibrinogenemia 
13. Bypofibrinogeuemill-hepetic disease or malignancy 
14. Consumption coagulopathies/disseminated intravascular coagulopathy (DIC) 
15. Anticoagulant therapy 
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Angiopathies 

1. Lupus imgiitis - lupus ~rythematosus 
2. Giant c~ll cerebral arteritis 
3. Dysproteinemias--amyloidosis 
4. Hypertension-all cases 
5. Atherosclerosis 

Infectious Diseases 

1. Bacterial meningoencephalitis, as wi=h tuberculosis, leptospirosis, 
listeriosis 

2. Mycotic infection. of brain, eg, aspergillosis 
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, l..ad, quinine, 

phosphorous, pentametbylenetetrazol, amphetamine 
6. S~ake bites (Bothrops species) 
7, Uremia 

Allergic Reactions 

1. Antibiotic sensitivity reactions 
2. Multiple sclerosis 

SUBARACBNOID HEMORRHAGE ASSOCIATED WITH PREGNANCY 

Tumors (see statement on Intracranial Tumors) 

1. Gliomas 
2.. i?i.tui.ta-.:~ t=-.:s 
3. Menfugiomas 
4. Pinealomas 
5. Choroid plexus papillomas 
6. Angioblastomas 
7. Melanomas 
8. Metastatic tumors 
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Craniocerebral Tra....,. 

1. Direct or indirect blcws to head 
2. llectrical injury 
3. Caisson disease 
4. High altitude anoxia 
5. Radiation 
6. Ultrasound 
7. Strangulation 
8. Themal injury 

Intracranial. Venous Thrombosis 

1. Oral contraceptives 
2. Pregnancy 
3. Trauma 
4. Infection 
S. Coagulopathies 
6. Marasmus 

Other Conditions 

1. Physical stress-Valsa1va's maneuver, as with coitus, defecation, 
parturition, etc. 

2. Vitamin deficiency: scurvy, vitamin K deficiency 

ANEURYSMS AND ARTERIOVENOUS MALFORMATIGNS 

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. 

Co!o!plications 

See section on subarachnoid hemorrhage (SAR). 

Prognosis 

If no cause for SAH is determined, an individual could safely resume 
flying scatus, if conditions described in the SAH section are met, with the 
exception of angiography. The determination should be made one year after 
the SAH. 

' . - -~;:,_. ~~~;.y:;:>~:.:::..-·.:·. -
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Dl'mAClWIIAL Tll!fOBS - PANEL 2 

Shelly N. Chou, MD (Chairman), Rf.chard 3. Kramer, MD, William R. Shapiro, MD 

Cancer frequently affects the nervous system. 1 Primary tumors of the 
centra]. 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 
<!allcer 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, lymphOU1as, and leukemias. 

Tumors of the nervous system may be classified by location and pathology. 
Table l classifies intracranial tUlllOrs 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 
trigeminaJ 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
d"J:ogliO!llaS, and the mo-re 111al.ignant glioblastoma 1!>Ultifonne. In the ce-rebellum, 
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 pituita-ry 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 tumors5 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 ueuroma. !ti the pareu
chyma, the neuroectodermal "benign" tumors consist of low-grade astrocytomas 
and oligodeudrogliomas. "Benign" astrocytomas and oligodendrogliomas may 
become m:ilignant. 

More "malignant" tumors arise primarily as neuroectodermal tumoT.s, of 
which tht most malignant tumors are the astroblastoma and the primr~ry reticular 
cell sarcoma or microglioma. Gliomatosis cerebri is also thought to be a 
moderately malignant, progressive neuroectodermal 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 ~erves rarely become malignant and form meningeal 
sarcomas andneurofibrosarcomas. Occasionally, tumors of ueuroectodermal 
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. Tlaors of the Skull 

-tastatic tuaor11 
e<:>sinophilic granuloma 

2, Tumors of the Meninges 

meningiQIU 
111ening~.al carcinollatosis 

3. Tumors of the Cranial Nerves 

acoustic neuroma 

4. Neuroectodermal Tumors 

Cerebral -

astrocytoma 
oligodendroglioma 
glioblastoma 

Cerebellar -

medulloblastoma 
astrocytoma 

Brainstem -

glioma 
epmdymoma 

5. Other Primary Tumors 

pituitary adeno:na 
congenital tumors 
granuloaas 

6. Metastatic 

Parenchymal tumors 

*From ref. 2 

,·,;: s:-· ---·---. . ,. 
>:-:,..-:.._.'.~< • .,:.:·,x-t;J,,~.::·.-,._· .. ...,_. 
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Table 2: Cl.aasification of Intracranial Tumors by Pathology,' 

Definitions: 

"Benign" t1a0rs - slowly growing, with f- aitoses, ain1aeJ 
necrosis, mid no vascular proliferation; affect dura, 
nerves and h3Uroectodem. 

"Mal:ignant" t-rs - more rapid1y growing and invasive, with 
frequent 111:itoses, necrosis, vascular proliferation, and 
endothelial hyperplasia; affect neuroectoderm~ rarely 
dura and nerves. 

Neuroectodermal 

astrocytoma 
oligodendroglioma 
glioblaatoma 
epenclymoma 
medulloblastoma 

Other Tumors 

i-eningioma 
neurofibroma 
neuril-
pituitary adenoma 
craniopbaryngioma 
other congenital tumors 
-tastat:k 

*From references 3- 5 

. ·.:.-":- -,-· 

.;_:':;,>;::~ .. ,_;i.,i~-~·. ,·· ... ·_.' 
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CLINICAL !WfIFESTATIORS OF~ TmlJRS 

In the diacusaion that follCWB, en nttempt is iude to establish medical 
crtteria for functional iapairaent of airlllen. Four classes of :lmpainient are 
defined in Table 3, baaed on the probability of medical :lapainlent of function 
likely to affect aircraft control, the probable extent of medical care required, 
and the likelihood circumstances will produce ilapairaent of neurologic function 
sufficient to require medical disqualification from flying status. The following 
discussion will refer. to these clssses 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 cl:i.nical manifestations may be defined as general and specific. 

General Clinical Manifestations of Intrac:ranisl Neoplasms 

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

Headache is perhaps the most common gei.eral :.,anilestation of inttacranial 
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 n&ture, 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, 
orJinarily 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 imlediately 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.7 They are 
more likely to accompany slower growing tumors than the 1110re rapidly grmring 
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, 2 and the occurrence of a generalized convulsion 
should place such personnel immediately !n Class B status. 

Mental changes8 are frequent cl:f.ni~- manifestations of an intracranial 
tumor. They are often subtle and gradual in onset and therefore require the 
close attention of c-rlters and fSlllily members with regard to behavorial 
changes in the patient. Mental changes may include lack of persistence in 

----------------.. 
tii--~ •>' • • _'J ,_' • r 
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Tab1e 3: 'llel.ati.oashi.p of Signs, SyapCOIIS, Diagnosis and Therapy of 
CRS Beoplasas co Functional. Prognosis of Personnel in Flight 
Crew 

Class A - Sips, &Jlll)toas which do not interfere with function as member 
of flight crew. Medical refen.-a1 required. 1-diate disqualifi
cation hom flying not necessarily required. 

Class B - Signs, a,-ptoms definitely illpa1rlng function as member of 
flight crew. .,.m diate medical referral required. TeDporary 
disqualification frca flying. 

C1ass C - Signs, aymptoas definitely i11pafr'.l1lg function as mesber of 
· flight crew. Exteusive medical care required. Teaporary dis

qualification from flying. 

Class D - Signs, s,aptoas definitely 1mpairi:1lg function as member of 
flight crew. Exteusive medical care required. Permanent dis
qualification from flying. 



22 

routine tasks, increasing irritability, l!IIIOtional lability, faulty insight, 
forgetfulness, reduction in the range of mental activity, indifferf!llce to 
social practices, and reduced initiative and spontaneity. l'he patient may 
complain of fatigue, tiredness, dizziness, and/or lethargy, l'here may be 
tsporal retardation and delay in responsiveness of think:tn,; and motor func
tion, especially in the atmoshpere of a busy flight deck. Such syapt<DS 
progress to confusion, frank dementia, and stupor. 

Changes in personality may be described in psychological terms but should 
be recognized as sympt<DS of structural b~ain disease rather than functional 
anxiety or depression. l'hus, the occurrence of sudden flamboyance, loss of 
inhibition, impulsive behavior, and the cognitive changes ""scribed above 
should illmlediately 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 Din 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 accompanment of cerebral tumors. 2 ,7 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 illlpairment of any duratic,n 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
tbesias 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
Cl!l&s, and neuroendocrine 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 associated 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 DUGNOSTIC INVESTIGATIONS 

Once there is clinical suspicion an intracranial tumor may be present, 
specific diagnostic procedures aust be employed to confirm its presence and 
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exact location. Such investigations are nor only neceasa'!'y to make therapeutic 
plans, but also tc, obtain additional information about the type of t1:110r 
present and the poten~ial risks if surgical r---1 of the lesion is to be 
carrled out. 

There are many types of diagnostic techniques available, varyilll( in 
degree of complexiey and invasiveness. Depending upon clinical m..'>nifestations 
which -y suggests certain type of tumor in• certain intracranial location, 
a siagle study or a series of diagnostic studies may be planned. One eyp,e of 
pror::edure may be more useful in gathering information than another, and it 
is important to seek the aost specific information whenever possible. 

Cranial :-ray - This is the 1110st non-invasive procedure in neuroradiology. 
A routin~ exaa1na~ton may yield infomtion 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 "en,pey sella," or the presence of oateolytic 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 useftl in further delir0 .ating 
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 nasopbarynx. 

Ccaputerized t01110graphy (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 11ay cause ventricular shift. A surrounding zone of cerebral edema l!laY 
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 Slilall 
metastatic tumors which have heretofore been axtremely difficult to document. 
Finally, because of the measure's noninvasiveness, it is the logical techni
que with which to follow intracranial tumors postoperatively, especi&lly for 
tumor recurrence. 

It is to be cautioned that the CT scan, versatile as it is, may still 
fail to datect certain types of intracrenial tumors, like small schwannomas 
of the cranial nerves and certain infiltrating hemispheral gliomas. Also, 
an area of infarction and a tumor 11ay appear to be identical on the CT scan. 
Thereforte, other types of contrast studies may still be necessary and tn,por
tant :1.1 resching a radiologically unequivocal diagnosis of intracranial tumor. 
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Angiography - CT scan bas undoub~ed1y made angiography less important 
in the diaguosis and localization of inttacranial tU111Drs. It is desirable, 
however, to conduct angiographic studies to visl,alize the pattern of vascular 
supply .md draiDage 1n order ~ raci.1:1.t:at:e surgery. Zn cert:e1n basal, highly 
-.cular aen1ngi-, preoperative selective cstheterization may be employed 
to ellbolize, and thus drastically reduce, the vasculsrity of the tumor to 
lllllke subsequent surgical removal of the tumor less bloody. The mural nodule 
of a hemangioblastaaa can be brightly shown with angiography. For vascular 
lesions such as A-V ll&lformations, fistulae, and aneurysms, angiography is 
obViously indispensable for diagnosis and for preop...rative planning. Rarely, 
a giant throabosed aneurysm 111ay be mistaken for a tumor mass. Vascular 
lesions are considered in the preceding report. 

Pneumoencepbalography - Use of this procedure has been significantly 
curtailed due to wide avail£bility of the CT scan. However, lesions such 
as chromophobe aclenc:eas "1th 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 anoma1ies such as cyst of septum pellucidUDI and cavum vergae, may 
require pn81JIIIOencephalography to differentiate them from tUD10rs. 

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 tU1110r cliagnosis has not been well established. 

Electroencephalogram (EEG) - This is not a preferred procedure for diag
nosing and localizing a brain tUDIOr, 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 lllOst patients who have clinical evidence of increased intra
cranial pressure. In certain conditions such as lept0111eningeal carcin0111atosis 
and leukemic infiltrations, CSF chemical analysis and cytologic study may 
yield extremel.y useful information. When combined with clivography using 
pantopaque, small tUD10rs 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 
surg:l.cal treatment should perhaps begin by enumerating those factors which 
influence the surgeon's decision to recOllllllend operative intervention. Since 
no 1:JoJO patients are identical, JDedical decisions invariably are 111Ulti.factori&1. 
The skill with which the neurosurgeon appropriately weighs the several consi
derationi defines "aurgical judgment" and p,c-ofoundly influences the results; 
these considerations will be discussed in descending order of importance; 
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Projected operative 1110rta1ity/:morbidity - The historical admonition, 
"P-rimma, non uocere," uniquely dominates the neurosurgeon's thiDlting. Neural 
tissue is characterized by its vulnerability to permanent injury by compres
sion or retraction, its fragile vas..--ularity, its absolute dependence on main
tenance of adequate moment-tc ncn::nt perfusion, and its profound lack of regene
rative capacity. Neurologic deficits resulting fr0111 eitMr deliberate 
resection or inadvertent: compression or devascularization of the brain commonly 
prove jrreversible. If the vol1De of injured tissue is 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-axia1 tumors from the bony skull (benign osteoma), the meningeal 
coverings of the brain (meningioma), or the cranial nerves (neurinomas) , are 
histologically benign tum0rs 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 v!cinity of the brain stem, a structure whose flillctional integrity is vital 
to s=ival. Certain ari!8-S of the brain stem are essentially inaccessible 
and vexingly encircled by an impressive number of critically important vas
cular structures. Examples of this cype of tumor include benign acoustic 
neurinomas, meningiomas situated in the anterior foramen magnum or clivus, and 
craniopharyngiomas, which c~only 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 SOllletimes not possible. ·Occasionally, benign extra-axial tumors, 
such as meningiomas, occur in noncritical regions remote from the brain stem 
but become so intiJDately involved with major blood vessels, like the sagittal 
sinus or a carotid artery, that complete removal is precluded bv 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 cOlll!lonly 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 tlmors ai-ising within the brain stem, like pontine or medu
llary gliomas, are rarely attacked surgically because of the high pr:,bability 
of substantial morbidity or mortality. Midway in the spectrum are those hemi-
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sphera1 tumors Which happen to involve major l!IOtor, sensory, visual, or 
speech pathways. 1Jn1ess the tumor itself has a1ready destroyed these 
functional areas by Wide local infiltration, attempts at surgica1 resec
tion can be expected to result itt further impairment:. 

Recognizing the bigh rate of recun:ence of intra-axial brain tumors, 
the surgeon, wisely. may elect to content himself with subtotal removal 
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 111Sjor blood vessels, and the longer 
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 concu=ent systemic disease is a factor that bears 
more on the risk of anesthesia than on that cf surgery itself. Certain 
eystemi.c diso'I'.de'I'.s are benign and self-lilniti.ng, such as 'li'ral illfections, 
and elective surgery can simply be defe=ed 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. 

¥i.nal.1y • 'll>Ode= anesthesia has made sufficient st1::ides 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. 9 

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-
1ogic restoration. but a1so to the permanent prevention of tumor recurrence. 

As suggested above, the benign extra-axial tumors, eg, meningiomas and 
neurinomas, provide the greatest opportunity for cDtllplete resection. Included 
in this group are benign adenomas of the pituitary gland (malignant pituitary 
tumors are extremely rare), which slowly may grow ~o remarkable size accom
panied by progressi~e impairment of visual and endocrinologic function. Some 
of these tumors, by hypersecretion o! one or another of the trophic hormones, 
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may produce well-defined somatic syndromes, like amencrrhea-galactorrhea, 
Cushing's disease, and acromegaly which per.11it detection earlY. in their 
development, enhancing the probability of complete resection: lO, 11 

Significantly fewer intra-axial tumcrs lend themselves to complete 
resection. Benign cerebellar hen:angioblastomas, 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 fellowing 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 cf glial tissue, their effects are exerted more diffusely 
in the brain than histologi~ examination of the r:a:rgins of a surgically 
t:esec.ted gl.ioma woul.d indicate. Ccnsequentl.y, "c.c,mplete 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 signific2rtly influenced by the known natural behavior of th~ pres!J!IOed 
tumor type. Some extra-axial tumors and nearly all gliomas possess the 
potential for malignant degeneration. Fortunately, in the common extra
a:nal t=ors, s,;ic.b as ,neningiomas 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 uc~ifoT11lly 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 
111Slignant, incompletely resectable, and recurs so routinely that survival 
beyond siX to eight years is exc,,ptional. The glioblastoma multiforme repre
sents the endstage of malignant transformation of cerebral gliomas and is 
virtually never cured. 

Th9se gli=s 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, ependymobla~t:.,,na, 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. Forc-
111ost =ong these is radiaticr. therapy, which is considered later in some de
tail. Intracranial tumors in general are regarded as nore or less resistant 
to ·radµtion therapy, with the single exception of pituitary adenomas, and 
this modality is commonly rPserved for palliative or postoperative use. 



28 

Final.ly, 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 ar~ rarely multifocal, ex
cept in rare cases of tuberous sclerosis and microgliomatos~:s. 

The finding of multiple intracranial met.astases from remote malignancy 
ordinarily precludes surgical int~rvention. Similarly, certain of Lhe 
gliomas, such as ependymoma and medulloblasto=, •·~. · isseminate in subara
chnoid pathways througbout the neuraxis from a si i tocus of tum,,r ~ a 
phenomenon similar to meningeal carcinomatosis. :o, term prognosis in 
each of these latter instances is poor. 

Potential for restoration of impaired CNS runction - From the patient's 
viewpoint, the decision to under~o surgerv is ~erliaps most strongly influenced 
by the perceived prospect for recovery of impaired neurologic function. The 
neurosurgeon is mo~e 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 ~egins 
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 cOI>..nection, the pro~ability 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 ~euro
logic deficit is a direct consequence of pressure-related pheno~ena, 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 ~ontrast, palliative decompression 
is ordinarily considered only once in the course of treatment of malignant 
brain tumors, ~ecause the quality of survival late in the patient's course 
rarely justifies repeated surgery.12.13 

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 i.nternal hyiirocephalus. Some of these tumors are surgically i=esectable 
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 IIIOSt connon shunt 
procedure in use today is the ventriculo-peritoneal shunt, although such d;.
verse distal sites as the cisterna 'lllagna (ventriculo-cisternal shunt), pleural 
cavity (ventriculo-pleural shunt), a:1d the heart itself (ventriculo-atrial 
snunt)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 techniques permit the accurate 
definition of probable tumor type with unusual accuracy, no procedure avail
able today will invariably distinguish among nonoperative intracranial !Dass 
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 ttm!Or can be 
predicted with rea.~oc,~~le accuracy w""ithout 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 commonl.y 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 t-ors and to reduce anticipated brain swelling folloving surgical 
manipulation. 

During the course of the procedure itself, additional reduction in brain 
v·olume 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 indwel.ling lumbar catheter. These techniques are most valuable 
when resection of deep-seated extra-axial tU1llors would otherwise require 
significant mechanical retraction of the brP.in. Their introducti= has ex
erted a profoundly favorable effect upon tee 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 
magn:Uication. Specially design<><! operating microscopes now provide ready 
stereoscopic visualization of otherwise illaccessible structures, substantially 
magnj.fied 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 bas decreased draatically 
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in the last decade or 110 as a consequence. 

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

Craniotomy - This is by far the most c01D110n 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 definitfon, the "bone 
flap" i.s 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 difficu1ty anticipated in i;d exposure. The location of the opening. for 
example. in the frontal. temporal. pari~tal. 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 'IIIOst expeditious route to a given point 
inside the head.14 

In general. a cran:..otomy rather than a craniectomy is p~rformed whenever 
the required bony opening is greater than an inch or so in diameter and does 
not lie beneath a layer of lllUSCle. which could be expected to both protect 
and conceal the bony defect that would othe.."Wise result. 

Craniectomy - This term refers to the permanent removal of a portion of 
the bo~y skull in orde-r to gain access to the int-cacranial compa-c=t. Both 
for protective and cosmeric reasons. elective craniectomies for tumor are 
largely liJDited 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
sul.t in unacceptabl.e int-cacranial. hypertension. 1.n these cases an external 
decOlllpression is afforded the brain by loosely grafting tha dura and leaving 
out the bone flap. As another examplf'• 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 lP.ss commonly used surgical approaches 
have been developed for the treatment of certain extra-axial tmnors. Among 
the most important of these is the transsphenoidal approach to certain of the 
pitui.tary tumors, s0111e of which are either quite =all (microadenomas), or 
have bad intracrania1 extension directly above the sella.15.l6 Occasionally, 
the anatomic disposition of a small Jituitary 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 meningi"111B. 

. .. 
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The translabyrinthineapproach to acoustic neurinomas was originally 
developed for otologic management of small tUlllOrs contained entirely within 
the internal auditory canal.18 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. 19 
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 2.re 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. 

l\eed1.e biopS"J - l\eed1.e biops, of an 1T>t:,:ac,::=ial. t,,sr.t>l: ~y be -pe,::
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 
sma11 tissue samp1e may not be representative of tbe tumor as a wno1.e; 
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. Tbs 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 ciste=a magna requires a S111all suboccipital craniectomy, 
and consequently a less rigorous procedure such as ventriculoperitoneal or 
ventriculoatrial shunt is more frequently employed. Most shunting systems 
include a device by which an estimation of the system function can be made 
b~ w:m.invasive ~iinical exam1nation by a vhysician knowledgeable about the 
characteristics of that par~icular 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 acc0111pllshed either by delayed replacement 0£ 
the original bone flap, or by filling the defect wi.th a rigid, nonreactive 
synthetic material which is properly contoured to duplicate the excised 
skull. The materials most coDDDOnly used for this purpose are methyl metha
crylate and tantalum alloy, and the operation is referred to as a cranioplascy. 

The procedure is generally straightforward; complications are few and 
largely related to the propensity of implanted foreign materials to provide 
a nidus for the development of iate 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 invariably be con
trolled, and except for the occasional intrusion on a major artery er 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 
devths. In 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 ear!~ 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 
itsel.f, the g"Cadu.al. accllm\l.l.ation of hem.a.t0111.a is often insidious; detet:io
ration ordinarily proves t:eversible 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 compartments21; macroscopically; 
swelling may be so 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 in,:ra
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 &nd is most intense in the 
vicinity of metastases and at the margins of glioblastoma mulciforme. 

Edema is somewhat less frequently obse'l'.Ved in neural tissue contiguous 
to extra-axial tumors, in which cases the pathologic mechanism may be chronic 
venous compression. Significant brain swelling can also be sCimulated during 
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surgery by mechanical retraction, through ischemia and venous compression 
and by manipulation of brain tissue itself. Intraoperative overhydration 
nay intensify its developiaimt, 

Ede111a 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 COl!tf,lication. ThErefore, surgical decompression 
by reeection of edematous brain is seldom necessary. 

Infection - Operative wound infection is a major, albeit infrequent, 
complicati~n of brain tumor surgery, Because most surgical infections 
occur as a consequence of airborne contamination, their incidence in neuro
s•1rgery 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 cmnmon site of wo~nd infection. 

The risk of infection may be heightened by prolonging the operative pro
=edure, 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 failu~e 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, exce;t 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-limlting effects of the operative pro
cedu1:e., including ne.u1:al com.pre.ssion and re.t1:action and focal edema. Pe.=
nent iatrogenic worsening is distinctly less cOD11Don; although sOJDetimes 
unavoidable, it must be considered a surgical complication. 

Alt:hough &rain t:issue has essent:ially no regenerative capacity, "plasticity" 
and complex adaptations within the CNS often permit progressive functional 
improvement over a period of. lllanY 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 
1>0iut -i:o. tme at '1\rl.ch mai.w.um. 1:ecove.-ry is 01:dinarily achie."led; in general, 
deficits persisting 6 to 12 JDOntbs after the operative experience are likely 
to be permanent. 

Seizures - The probability of a postoperative seizure disorder in ,~y 
given patient is directly related to the occurrence of seizures prior to 
tumor removal, a consequence of the fact that epileptogenic foci are not 
c:ontained within the tumur itself, but result from irritation of the conti
guous brain, Such foci develcp far 1110re c0111111only in the cerebral cortex 
than in deep structures. 'Moreover, it bas been noted that certain tumors 
cbaract~ristically stimulate the develop111ent of epileptogenic foci, for ex
ample, meiungi0111as, gliomas, and metastatic deposits, wlrl.le other tumors, such 
as those of cerebellm and pituitary, ~arely do so. 
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The development of seizures postoperntively say 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 tr,mssphenoidal procedure. lf 
the communicating structure is not adeguately isolated, and p3rticularly 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 thenasopharynx may gain access to the 
intracranial compartment; such patients are continuously at risk.for devel
opmeut of pyogenic w.eningitis. Fo-.:tunately, this com1>licati= is rare in 
tumor surgery, but its ea-.:ly recognition is mandatory. Appropriate treatment 
almost invariably requires surgical reexploratior. and closure of the leak. 

Neuroendo=ine disturbances - Mo.st, if not all, endocTine activity appears 
to be mediated directly 01: indirectly by the central nervous system through 
the hypothalamic-pituitary axis. lt is therefore not surprising that intra
cran1a1operations, including tumor surgery, occasionally can be complicated 
by the development of one of several neuroendocr.tne deficiency syndromes. 
Toe risk of such a development 1.ncreases dramaticall::,, whet> tbe o-pe,:atiOT, is 
performed in the region of the third ventricle, hypothalamus, and pituitary 
itself. 

Surgical resection of large pituitaryaden<NIUls and other peraseller 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 pituirary stalk 
during the course of craniopharyngioma resection. Fortunately, this compli
cation is often trsnsieat end can be managed with relecive eese by periodic 
administration of natural or synthetic vasopressin. 

Finally, the syndrome of inappropriate antidiuretic hormone (ADH) 
secretion is occasionally seen after any type of brain surgery, although 
it is more commonly associated with generalized head trauma. The mechanisms 
1.lDderlying 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 eden..~ and depresses 
neurologic performan~e 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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resul.t :bi progressive accimulation of CSF acc0111paniad by ventricu1.r dila
tation and :uitracranial hypertension, a condition known as "comnmicating 
hydrocephalus." This disorder is s0111et:lllles seen following brain surgery and 
is presm..ed to result fr011 the Rillage of blood :uito the subaraclmoid path
ways, with secondary :llllpairment of CSF absorption by the araclmoid villi. 

Communicating hydrocephalus probably occurs more often than is commonly 
realized, s:uice its effects are subtle and ordinarily self-limiting, However, 
on occasion the condition J>ersists 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 si:mnary, surgery for intracerebral tumcrs has five goals23: 1. diag
rosis; 2. relief of symptoms, especially those arising from increaseu intra
cranial pressure; 3. debulking of tumor as a form of anticancer therapy; 
4. permitting time for radiation and early chemotherapy; and 5. increasing 
twnor susceptibility for the latter modalities by increasing the relative 
percentage of active cells, These goals, along with other factors relating to 
a recOllll!endation for surgery, will be ·discussed below. 

Medical Therapy of Intracranial TU111ors 

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

Anticonvulsants are of obvious importance for patients vho have seizures, 
and any patient who preaents with generalized or focal seizures is likely to 
be on auticonvulsants 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 aeizure following clean neuros~rgical 
intervention is low, it is usually not neces-sary to maintain such patients on 
anticonvulsants. It is erucial witt. 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. 

i 
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Endocrine replacement is s011etime:
1
n;~asary following treatment of 

pituitary adenomas and includes anteri tuitary hormones, cortisone, 
thyroid and androgen, estrogen, and pitressit for diabetes insipidus as 
required. Once the ;,at:'.ent's condition h&.s stabli.zed, prudent use of 
replace111ent therapy need not constitute a restriction to flying, Periodic 
evaluation at 6 to 12 IIIOllths intervals should be required. 

Radiation therapy (RT) often implies a noncurative situation and is 
uti.1:i:z.~ 1>rb.ari.1.:, for w.al.i.~t tuw.ors.24-29 S'l.cb. tll!D.O'C& a-ce 'l.&uatl-y 
treated by whole-bead or large field RT ports for total radiation up to 
6,000 r~ds. RT has been recOD1Dended as a form of treatment in low-grade 
gliomas, 30-32 but 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 who develops a metastatic CNS complication. 

Certain tumors, for example, pituitary aden01Da and dysgenninoma, 
frequently are cured by radiation therapy, 

Late complications of radiation therapy may ~roduce symptoms of 
brain dysfunction independent of tumor recurrence, and therefore, the use 
of radiation therapy requires 6 to 12 month follow-up evaluations, 

Che111otherapy is still an experimental modality for the therapy of 
malignant tlllliors,22-3O and it requires close supervision and frequent medi
cal care. 1:t probably extends survival in primary malignant brain tumors, 
but its efficacy in low-grade gliomas or metastatic tumors has yet to be 
demonstrated. 

Other modes of therapy include immunotherapy,45,46 which is used mainly 
for primary malignant tumors, and still unproved as to efficacy; radio
sensitizers47 with RT; and special forms of RT, eg, neutron capture therapy. 48 

OUTCOME OF THERAPY AND PROGNOSIS 

For malignant neuroectode:rmal tumors, such as glioblastoma multi
foriae, therapy is palliative and rarely curative. Patients are often able 
to return to gainful employment for a short time, perhaps a year or two. 
They often have major residual neur~logic deficit from the original tu.nor 
and from the surgery, Late radiation damage can occur and may be responsible 
for the return of symptoms, although tumor recurrence by far accounts for 
most pat!ents' deterioration. Chemotherapy is immmosuppressive and bone 
marrow depressing and causes infection and bleeding problems. Primary malig
nant brain tumors tend to be fatal within two to three years. The most 
recent studies give a median survival time of 52 weeks after surgery, radia
tion and chemotherapy, with 25% to 35% of the patients surviving 18 months, 

Following therapy for metastatic bxain tumors, short-term results are 
often good. With a combination of surgery and RT, 66% to 75% of patients 
will show substantive amelioration of their presenting symptoms, Many pati
ents will be able to return to work for short periods of time. Median sur
vival. of such 11atients is a1111roximately six months, with survival for a year 
limited to 10% to 15% of the patients, Most patiants do not die of their 
metastatic nervous system disease, but rather of their primary or systc.mic 



37 

cancer. There are occasional long-term survivors of more than two years. 

The prognosis in more benign intracerebral neuroectodermal. tumors is 
better than for the malignant tumors. RT is often helpful, 30,32 in that 
patients often have minimal residual neurologic deficit and frequent return 
to gainful employment for several years. Seizures are likely, but control 
usually can be obtained. Late radiation changes are possible, but for the 
most part the incidence is largely unknown. Patients may survive for three 
to seven years with relatively stable neurologic deficits, until tumor re
currence or progression occurs when symptoms may worsen. 

Me~:lngiomas are often curable. There may be residual neurologic deficits 
including seizures, but their occurrence is variable. The prognosis for 
survival is excellent, and that for neurologic deficits is good to very good. 
After surgery for meningiomas, most patients return to full-time employment. 
The likelihood of recurrent sympt.otnS is ran,. Such tumors -rarel)' becoini> 
malignant, and most patients can be expected to survive a normal lifespan. 

Treatment of acoustic neuromas depends on the size of the tumor. There 
is a 10% to 20% mortality with surgical resection for large tumors, and consi
derable morbidity. 49 The ?rognosis in tbis group is fair, but many patients 
have residual neurologic deficits, including bearing loss and facial paresis. 
Hydrocephalus may follow suboccipital craniectoiny for large acoustic neuroinas, 
and such patients may require shunting procedures. Complications following 
such shunt procedures may further impair eventual return to full function. 
For small acoustic neuromas, and especially those removed by translabyrinthine 
approach, the results are excellent, with low mortality and a high percentage 
of cures.SO Eighth nerve deficits, including hearing loss and some vesti
bular difficulty, are possible and may hinder overall functional capacity. 
Facial paresis is common and on occasion functionally disturbing. 

Pituitary tumors and the occasional craniopba1 oma occurring in the 
adult carry a fairly good prognosis. Most macroscop1~ally obvious pituitary 
adenomas, 50% to 60%, come to the attention because of visual failure,5 1 while 
in 20%, headache is the initial symptom. Less co11111only, an endocrine abnormality 
is noted, although microadeno~~, occurring primarily in women. are usually diag
nosed because of infertility, galactorrbea, or amenorrhea. Rarely, pituitary 
apoplexy may occur. 52 All such symptoms in flight crews should require Class B 
or C status until diagnosis is made and definitive therapy is bi>gun. Persis
tence of visual failure precludes flying. The prognosis for therapy of pitui
tary tumors is similar to that of meningiomas, in that most such patients ca~ 
be cured and returned to full gainful employment. The rare adult cranio
pbaryngioma similarly has a good prognosis, although recurrence is somewhat 
more common following therapy of such tumors. 

Other 1ntracrania1 tumors generally have a good prognosis, depending upon 
their location. Cholesteatomas and colloid cysts are usually easily removed 
with little neurologic deficit remaining, altho•Jgh some tumors may not be 
r~movable because of danger to surrounding normal brain. 

RECOMMENDATlONS 

The foll.,..ing recommendations are based on the medical prognosis of the 
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tum0rs reviewed above aud on the likelihood that residual n.eurologic dys
function will significantly reduce functiorull capacity. Thus, patients who 
have a stable, JJDDprogressive neurologic deficit which does not impair func
tional capacity, such as unilateral hearing loss or anoSl!lia, are likely to 
return to full employment status, and there would be no medical contraindi
cation to return to flight status after demonstration of flying proficiency 
by simulator and/or flight. Significant hemiparesis, ataxia, vestibular 
dysfunction, visual impairment, or mental :Impairment would all preclude 
return to flying status. 

Equally important is the potential for acute, incapacitating, recurrent 
sympt<lllr8tology, i.acludi.ag seizures sad recurrent neurologi.c signs. lattscranial 
tumors which might lead to such changes would almost always, therefore, 
prevent return to flying status. l!xalllples of such possibilities include 
most parenchymal tumors, whether malignant or benign at onset, and some 
benign tumors with significant neurologic residua. 

Thus, patients undergoing therapy for all parenchymal neurectodermal 
tumors have a significant risk ·of recurrent neurologic symptomatology and 
should be permanently disqualified from any activity which is likely to be 
dangerous to themselves or to others. Following the removal of supraten-· 
torial meningiomas, patients with no significant residual neurologic deficit, 
or those with minor residual deficit as defined above, should not return to 
flying status for a minimum of two years. Reinstitution of licensure may 
then be accomplished, if no seizures have occurred, if a CT scan shows no 
tumor, and if neurologic deficits have not progressed. The clinical evalua
tion of such patients must be repeated yearly thereafter to retain flying 
status. Since meningiomas may occasionally be multiple, all such residual 
examinations must show no evidence of recurrent tumor or new tumor. For 
infratentorial meningiomas, acoustic neuromas, pituitary adenomas, and other 
benign extra-axial tumors, the same qualifications may be applied, except 
that restoration of flight status may be considered one year postoperatively. 

PSEUDOTUMOR CEREBRI (BENIGN l:NTRACiWUAL HYPERTENSION) 

Pseudotumor cerebri53 is an illness of unknown etiology which produces 
increased intracranial pressure without an associated mass lesion. Although 
primarily an illness of obese women in the middle years, it can occur in 
men and has been reported in children, especially in association with certain 
antibiotics. The condition is characterized by headache, papilledema, and 
visual loss. Treatment includes 111Ultiple lumbar punctures, corticosteriod 
hormones, shunting operations, or sometimes, temporal decompression. The 
prognosis is generally good, but visual loss can occur and may be permanent. 
At onset of symptoms, flight deck personnel would be placed on Class C 
status because of headache, the occurrence of papilledema, and the possibi
lity of visual loss. Under such circumstances, they should net resume flight 
for at least 6 months after headaches are gone and visual acuit, and fields 
are determined to be norma~. 
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NEUROLOCIC COMPLICATIONS OF SYSTEMIC CANCER 

Neurological complications of systemic cancer are colllll!On, for approx1-
l!Ul£@ly 18X af clllleer pat11!llts will d=elop §Uch csmpliEBti8Il<i,54 Sp@£ifi~ 
complic~tions may occur 111ore often with certain t\1111.ors. For example, lung 
cancer is especially prone to metastatic complications, and lymphomas may 
be associated with unusual infections. Table 4 classifies the neurologic 
complications of systemic cancer. In general, such complications include 
metastatic disease, which may be intracranial, spinal, meningeal, or to the 
nerves, roots, or plexuses. Nonmetastatic complications occur in about 
half of the patients. Of major importance are those associated with meta
bolic encepbalopathies due to organ failure, drugs, such as narcotics, and 
substrate disturbances. 

CNS infections in cll?lcer patients are likely to have unusual causative 
organiSllls, for example, listeria meningitis rather than pneumococcal 
meningitis. Progressive multifocal leukoencephalopathy, which has been 
determined to be of viral. origin, may occur in leukemia or lymphomas. Stroke 
syndromes are likely to be associated with disseminated intravascular 
coagulation (DIC) or nonbacterial thrombotic endocarditis (HBTE); arterio
sclerotic cerebrovascular disease is r~re in cancer patients. 

COlllplications of therapy for systemic cancer include surgical morbidity, 
radiation encephalopathy, myelopathy or neuropathy, and the neurologic 
complications of chemotherapy. Much more rare, but of interest, are those 
remote effects of systemic cancer which affect the nervous system, especially 
dementia, cerebellar degeneration, myopathy, and the myasthenic syndrome. 

Specifi~ recommendations are based on the common occurrence of systemic 
cancer and on the fact that such patients frequently are able to return to 
full employment even while receiving various forms of treatment. Therefore, 
recommendations are based on likely complications and their associated 
symptomatology, or on the nature of the therapy. For example, lung cancer 
patients have a high incidence of cerebral metastasis. If they are ~orking 
and apparently functional, such ?atients should have neurologic evaluation, 
including CT scan, every three to six months to maintain flying status. Also, 
specific symptoms in any cancer patient should be suspected as neurologic 
complications and should place such individuals on Class C status. The 
following are especially important in this respect: 

1) h~dache, visual loss, weakness, or ataxia 
2) lethargy, personality change, or other mental changes 
3) spinal and radicular pain 
4) muscular weakness and fatigability 
5) seizures 
6) fever 
7) sensory disturbances, including paresthesias 

Certain therapy should disqualify patients for flight duty even in the 
absence of neurologic symptoms, due to the possibility such therapy could lead 
to acute illness which might affect functional capacity to control an airplane. 
Thus, patients with systemic cancer undergoing all types of chemotherapy should 
not fly during the course of the treatment. All patients undergoing radia-
tion therapy to the spinal regions or the skull should similarly be disqualified 
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from the flight deck, and all patients using narcotics for control of pain 
from systemic cancer also should be excluded frO!ll flying status. 
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Table 4: Neurologic CO!l!plications of Systemic Cancer 

Complications due to Metastases -

1. :!.ntracranial 
2. spinal 
3. meningeal 
4. -nerves, -roots, aud ;,1.,e.,;uses 

Nonmetastatic Complications -

1. Metabolic encephalopathy from organ failure, electrolyte 
and substrate disturbances, sepsis, narcotics overdose, 
and intravascular coagulation 

2. Infections, brain abscess, meningitis, encephalitis, pro
gressive multiloca1 leukoencepbalopatby (l'ML) 

3. Vascular or intracranial hemorrhage from tumor or clotting 
aisoraers, cerehral :infarction fr0111 aisseminated intravas
cular coagulation (DIC) or nonbacterial thrombotic endocarditis 
(NBTE), hemorrhage, spinal infarction 

4. Complications of therapy or surgery; radiation encephalopathy, 
myelopathy, neuropathy; chemotherapy ueuropathy, encephalopathy, 
dermatomyositis, ''myasthenic syndrome" 

5. Remote effects; dementia, cerebellar degeneration, myelopathy, 
ganglioradiculitis, polyneuropatny, derinatomyositis, ''myastnenic 
syndrome" 
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HEAD INJURIES - PANEL 3 

Donald P. Becker, MD (Chairman), Robert G. Grossman, MD, Robert t. McLaurin, MD, 
William F. Caveness, MD 

MINIMUM CRITERIA FOR DIAGNOSIS OF BRAIN INJURY 

A traumatic injury to the head is of major significance to the individual 
if there is evidence of brain injury. Trauma to the head causing no loss of 
consciousness and no evidence of focal brain injury may be inconsequential, 
even if there is evidence of a linear or depressed skull fracture. The minimum 
criterion for brain injury following head trauma is: 

1. loss of consciousness (concuasion), E~e,~ if lasting only 
several seconds, or 

2. evidence of a neurologic deficit resulting from the trauma, 
such as weakness or aphasia, or 

3. evidence of focal brain damage demonstrated on examination by 
a physician, or demonstrated by specia± 2iagnostic test~ such 
as computerized tomography (CT scan). ' 

Closed Brain Injury -- The most common cause of closed head injury is 
sudden deceleration, which occurs when the moving head is suddenly stopped 
when it strikes an object. Closed head injuries are to be distinguished 
from perforat5~6 (stab wound) or penetrating (missile wound) injuries to the 
skull and brain. Closed head injury is more likely to be associated with a 
diffuse brain injury, while :nissile and stab wounds tend to cause a more focal 
brain injury. 1 

Since the result to the patient of brain injury depends on the extent 
or degree of brain damage, and on the location of the injury, a classification 
scheme including both these variables is necessary. It is COlll!llon to classify 
the initial brain damage as below. 

Mild Brain Injury - There is transient loss or alteration of consciousness 
but no focal neurologic .deficit, and fast return of alertness and orientation. 
This includes patients who have some evidence of traumatic brain injury and 
brain dysfunction, but who do not lose consciousness. Post-tral!!Dati.c amnesia 
(PTA) will be less than one hour. 

Moderate Brain Injury - One hour after injury there is still illlpaired 
consciousness or disorientation, but the patient can follow some commands; 
or the patient may be alert with a focal neurologic deficit. PTA of 1 to 24 
hours will usually occur. 

Severe Brain Injur_y - Early after injury, these patients are unable to 
follow any commands; they may use words, but inappropriately. Their motor 
responses vary fran localizing stimuli to posturing or nothing. If they 
recovez, PTA is usually 1-7 days, but may be longer. · 

Very Severe Brain Injury - Early after injury, these patients have their 
eyes closed even to intense stimuli; they utter no words or sounds and follow 
no commands; on stimulation they exhibit either no motor movement or a 
posturing response. A patient in this state often dies, unle:ss a clot is 
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responsible for the c1inical picture and is removed. If the patient lives, 
it is frequently in a vegetative state. PTA is greater than 7 days and often 
much longer. 

A retrospective classification of the severity of the be&d injury may 
be based solely on the duration of PTA as followsl: 

<.l hour - mild 
1-24 hours - moderate 
1-7 days - severe 

>7 days - very severe 

The duration of PTA is defined as the time after the injury until the 
return of continuous memory. The ability of the brain to store memory in a 
continuous fashion is often one of the last clinical functions to return after 
blunt closed brain injury.9 

RELEVANT DlAGNOSTIC PROCEDURES 

Determining Degree ant! Extent of Primary Damage 

It is of utmost importance to establish whether an actual brain injury 
has occurred. Once this is done, an individual who has suffered a head 
injury with no brain or cranial nerve injury may be put into a separate category, 
while one with brain injury, through ascertainment of duration of PTA and 
accomplishment of early neurologic examinati<m, may be tested for the degree 
of injury. 

The initial neurologic examination should include determination of the 
following in all patients, regardless of degree of injury: 

1. Status re Glasgow Coma Scale 10, 11 
2. Pupillary response 
3. Ey-, movements 
4. Motor power 

The Glasgow Coma Scale is graded as follows: 

Eye Opening 
.. _ .. _._._Spontaneous 

<~~~-~~---~: :~:d 
-----Nil 

_Follows Commands 
----·· -· --~ocalizes Stimulus 

Motor Response-,&::';~~=~-:- :Withdraws 
· .-: ··---- --~lexion Posturing 

· · · -Extension Posturing 
No movement 

Oriented 
----~ . ~ . . Confused 

Verbal Response~•=:··• -- •··-· ..:Words 
---.:::::::::::-,1,ounds 

~one 

4 
3 
2 
1 

6 
5 
4 
3 
2 
1 

5 
4 
3 
2 
1 
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In mild brain injury, no further diagnostic procedures beyond skull 
x-ray, neurologic ezamination, and clinical follow-up of the patient is necessary. 
With moderate, severe, or very severe brain injury, every attempt should be 
made to define the location, extent, and nature of the injury. In this way 
a profile of the individual's brain injury can be constructed, and the expected 
course and outcome can be predicted more accurately. 

Thus, if a diagnosis of moderate, severe, or very severe brain injury is 
made, ·the following diagnostic procedures should be performed: 

1. Skull films 
2. CT scan (cranial) 
3. Electroencephalogram {EEG) and, if available, ll!Ultimodality 

evoked potential study 
4. Angiography, under the following circumstances: a vascular 

injury is suspected; CT scan is not available; the patient is 
unexpectedly not improving; or there is a discrepancy between 
the clinical presentation and diagnostic studies 

By combining the findings from the functional studies (neurologic 
ex."'1ination and brain electrical activity) and the morphologic tests 
(CT scan and angiography), the location and extent of the patient's brain 
injury can be estimated. Defining injuries at this early stage will permit 
early prediction to and counselling of employer, family members, and the 
patient. For example, if there are bilateral dense intracerebral lesions on 
the early CT scan, a permaneu handicap is likely. If there are bifrontal 
lesions, one can predict prOlrlnant personality or character alterations. 
Bitemporal lesions on CT scan indicate permanent inLellectual and memory 
deficits are likely.12 

EARLY TREATMENT OF BRAIN INJURY 

The fundamental principles of early treatment of brain injury are (1) 
to provide an ideal internal environment conducive to the healing of 
partially damaged brain cells, and (2) to prev~nt a second brain injury from 
hypoxemia, hypotens:ion, elevated int.racranial pressure, brain shift, 
hyperthermia, etc. To accomplish this, after injury the patient should be 
well oxygenated, with intubation if necessary and guarded against arterial 
hypotension af.ter injury. 

Very rapld diagnosis of the presence or absence of an intracranial mass 
lesion is imparative. This should be done promptly, and if there is a sizable 
subdural or intracerebrsl hematoma with brain shift and elevated intracranial 
pressure, craniotomy should be perfo=med promptly. Surgery should not be 
delayed, because any further deterioration, ss evidenced by signs of tentorial 
herniation, for example, may be irreversible. Patients with intracranial 
masses and brain shift who fall into the moderate brain injury category 
sc,metimes may be foll<>'.Jed but this should be done in an intensive care unit by 
carefully instructed nurses.I 

If no surgery is indicated, or following surgery, patients should be 
maintained in a physiologically desirable state: normothermic, with no=mal 
serum electrolytes, hematoc~it above 30%, and adeq,iate oxygenation. In patients 
with "moderately severe" and "severe" injuries, it is desirable to monitor 
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intracranial pressure (ICP) and to treat elevations in ICP when over 20-25 mnllg. 13 

Serial studies of neurologic function should be done, and at least one follow-up 
CT scan is recommended for all such patients. Follow-up CT scans at 14 days 
and 3 months will be helpful in patients in the "oevere" and "very severe" 
brain injury categories. 

Physical therapy and rehabilitation should be started early. The therapy 
must be individuali~ed to meet the ne2ds of the patient's obvious or predicted 
handicaps, such as motor-physical, intellectual, behavioral, or COlllllll!Ilicative. 

Expected Course Related to Early Damage 

Generally, the greatest portion of recovery after injury occurs within 
the first 6 months.7, 14 Some believe that all fundamental recovery occurs 
during this 6 month period, and any further apparent recovery is not true 
neurologic recovery but represents a trainjng effect and learning how to 
cope better with permanent handicaps. The more popular idea is that most 
true neurologic recovery occurs within the first 6 months, but that further 
improvement in brain function continues up to two years longer in patients 
over 30 years and up to three years longer in children and young adults. 

The expected course after initial neurologic examination and classifi
cation of the patient is not possible to predict in a rigid sense. General 
concepts, hm.ever, are applicable. For example, the post-traumacic syndrome of 
subjective meutal an::! somatic complaints is seen more commonly in patients 
whose initial brain icjuries were mild rather than severe. This may be simply 
because the patient with an initial severe brain injury has greater deficits 
to overcome, or because different areas of the brain were damaged, yielding a 
different psychological attitude. The po~t-traumatic syndrome is sufficiently 
common and similarly manifested in patien:s that it cannot be dismissed as 
11psychoneurotic. 11 

At the other end of the spectrum, it is fair to state that virtually 
all patients who sustain severe injuries will experience some residual 
alterations in brain function. These may be subtle and may or may not 
handicl!p the injured. Patients with severe injuries may suffer major physical, 
intellectual, or behavioral handicaps. The ultimate outcome depends on the 
location, extent, and type of brain injury which occurred initially, and any 
secondary brain damage due to complications. Early definition of the injuries 
in the patient is, therefore, pertinent. 

In summary, patients with mild injuries may recover completely, or less 
commonly, develop the post-traumatic syndrome. Patients with moderate brain 
injury may completely recover, or suffer residual deficit if the brain 
damage was in a critical 2one. The post-traUlllatic syndrome seems less common 
in these patients, but that may be because post-tralJ!llatic complaints are 
more readily accepted by the physician and family members. ?atients with 
severe or very severe injury virtually always have some permanent alteration 
in brain function. The degree and type of alteration in clinical status, including 
physical behavioral, intellectual, memory, and communicative skills, will 
depend on the locations, extent, and types of initial lesions in the patient. 
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Sequelae of Mild Injury - Post-~raumatic Syndrome 

The major significant sequelae (Table 1) of ~inor injury is the "post
traumatic syndrome.,'' which is c_onsidered below: 

I. Definition - The post-traumatic syndrome is a symptom cCllllplex which most 
cOlllllonly follows minor head injury, but which may occur after more severe 
injuries. The complex consists of dizziness and emotional and intellectual 
:lm:pairment. The symptoms include irritability and short temper, poor 
concentration and loss of confidence, nervousness, and fatigue.15, 16, 17 
Sleep patterns may also be disturbed, and alcohol intolerance may become 
manifest. 

II. Minimum initial evaluation to be undertaken -

A, History of 

l. type and severity of head injury 
2. severity, duration and progression of post-traumatic symptoms; 

duration of post-traumatic amnesia 
3. evidence of seizure activity--eg, loss of contact, falling spells, 

visual or auditory hallucinations 
4. motor incoordination: loss of fine movements, ataxia 
5. emotional disturbances: memory defects, sleep disorders, 

mood excesses 

B. Examination 

J.. general physical examination 
2. neurologic examination, including funduscopic 
3. neuropsychological examination, if emotional and mental 

impairment are prominent 

c. Laboratory studies 

1. CT scan for evidence of hydrocephalus or other intracranial 
pathology 

2. EEG 
3. Electronystagmography (ENG) if dizziness is prominent; 30% of 

patients with dizziness have positional nystagmus, and E,.~G usually 
shows it to be of peripheral labyrinthine origin 

III. Follow-up 

A. Evaluation every month for three months if symptoms persist; then, 
according to severity 

B. Check for 
l. excessive use of medication 
2. mental and emotional deterioration 
3. signs of organic disease, like dementia, ataxia, incontinence 

IV. Prognosis for the post-traumatic syndrome 

It may take 6 months to two years for a patient to resolve the post-traumatic 
syndr0111e. It is important for the physician to be understanding and to explain 
to the patient, family and employer that the symptom <:OlliPlex is a real oz,_e for 



r i---·---- --
f,1 

'I 

,, 

r 
u 
L 
I,'' 

/{ 
~· ,, 
t 
1-
1 
f 
~: 
!!-,' 
t, ,-

Mental 

Physical 

MODIFIED FROM: 

51 

Table 1 

SEQUELAE OF HEAD INJURY 

Strongly Related to Less Strongly 
Severity of Injury Related to 

Severity of Injury 

Apathy "Poor Concentration" 
Euphoria 
Loss of Social Restraint "Poor Memory" 
Intellectual deficits 
Marked Memory defects "Slowness" 

Dysphasia Ansomia 
Hemianopia 

Motor ~pasticity 
Disorders ntaxia Vertigo 

tremor 
Perceptual 
disorders Epilepsy 

Jennett B: Late effects of head injuries. 

Least Related to 
Severity of Injury 

Fatigue 
Irritability 
Insomnia 
Nervousness 
Anxiety 
Depression 

Headache 
Sensitivity to nois 

Dizziness (sans vet 

Pain at ~ite of inj 

In Critchley M, O'Leary JL, Jennett B (eds,): Scientific Foundations of Neurology, 
FA Davis Co, Philadelphia, 1972. 
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the patient, not an unusual result of mild head trauma, can last for many months, 
and will usually resolve. Such explanation allays many anxieties and helps 
everyone to cope with a difficult situation. A favorable prognosis is less 
likely in later life, for example, if the injury takes place in patients over 
SO years of age. 

One prospective study permitted classification of patients with post
traumatic syndrome into two broad groups. One group of patients had symptoms 
of headache and dizziness at the time of dischar&e from the hospital. They 
showed progressive :!m.provS1ent, and within two years the majority had returned 
to normal. Complaints in this group were undoubtedly real, for at six months, 
45% of this group showed positional nystagmus; however, only 24% claimed 
compensation. 

In the other group, symptoms developed only after the patients had left 
the hospital. At 6 months, only 5% of the patients with dizziness showed 
positional nystagmus, yet SO% of the group claimed compensation. Psychological 
factors seemed to be operative in a higher proportion of patients in the second 
group, and compensation perhaps played a role. This may not always be true 
however, and because the post-traumatic syndrome may have a true pathophysiologic 
basis, it is best for the physician to believe the patient's complaints and 
to provide reassurance. 15 

In the meantime, since the symptoms may be intermittent and very 
distracting, and the dizziness and headache may be intermittently incapacitating, 
it is wise to limit the activities and responsibilities of the individual 
until the symptoms are minimal or gone. 

Moderate, Severe, and Very Severe Brain Injury 

When the injured individual is seen at followup, the degree of the 
initial injury should be determined, and all information on location, extent, 
and type of the initial brain injury should be collected. A physiological 
and psychosocial pre-injury history should be obtained, and a general physical 
examination and a detailed comprehensive neurologic examination are indicated. 

Laboratory studies should include a followup CT scan at six months or one 
year and an EEG. These studies should be compa:l:ed with earlier stl.dies for 
changes. If multimodality evoked potential studies are available, they should 
be obtained, because any abnormality found will be helpful in making decisions 
and recommendations. 

Disorders manifested by the patient should be characterized as being either 
pbyaical-neurological residua or mental disorders. The physical-neurological 
problems should be described and subdefined as to degree, for dysphasia, or as 
to nature of the deficit, whether sensory or motor. Since the subfrontal and 
anterior frontal regions, and the anterior temporal lobes of the cerebral 
hemispheres, are most prone to damage in sudden deceleration injuries, disorders 
of personality-behavior and intellect-memory are far more common sequelae of 
brain injury than sensory motor deficits or dysphasia. Injury involving cranial 
nerves I-VIII may be,associated vith mild, moderate, severe, or very severe concussion. 

, 
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PROGNOSIS AND EXPECTED COURSE FOR SEQUELAE OF MODERATE, SEVERE A?Hl VERY 
SEVERE IN.JURY 

The disabilities which follow brain damage and are directly related to 
injury in specific locations, like dysphasia, hemiplegia, and disturbances 
of memory and perception, tend to recover most rapidly during the first 6 
months following injury. However, brain-damaged individuals will usually show 
continued :llllprovement in their adaptability to every day tasks and contact 
with other people. Many believe such individuals are only adapting to fixed 
physical, and intellectual deficits. Others, however, believe significant 
degrees of recovery in dysphasia, hemiparesis, hemiplegia, or sensory deficits 
can occur as long as two years after in!ury. In general, little improvement 
can be expected after two years. 18, 1,, 20 

Cranial Nerve Lesions 

Anosmia - The first cranial nerve is the most commonly injured nerve 
in the head injury. Often the i.,jury is only m=.ld or moderate. In the more 
mild injuries, olfaction may often return within three months. In the more 
severe injuries, loss of olfaction is often permanent. 

Optic Nerve 1,;,sions 

These can also result from m!ld injuries. An injury may be seen without 
evidence of fracture into the orb~~ or optic canal. Deficits in visual 
function immediately following injury have a poor prognosis. 

Extraocular Movements 

Diplopia can ocC"Jr after rather mild injuries, even without loss of 
consciousness. Whether the diplopia or eye movement imbalance is secondary 
to brain stem injury or to isolated cranial nerve injury, there is a tendency 
towards improvement. If :!Jnprovement is not continuing at 6 months, the 
deficit will usually be fixed. As with the other cranial nerve injuries, 
those deficits occurring :IJDmeiiately after injury are less likely to recover 
than those which occur later. 

Facial Nerve Injury 

A partial facial nerve inJury is almost always followed by satisfactory 
recovery. A complete lesion seen immediately after injury and associated with 
an 8th nerve lesion has a poor prognosis. Facial palsy which occurs in a 
delayed fashion has a 90¼ or better recovery rate. 

Eighth Nerve Injury 

Auditory and vestibular function ~isturbances are common after mild or 
severe brain injuries. Abnormalities m...y be revealed only by special 
audiological and neural-otological testini;. The common complaints of vertigo 
an::i hearing abnormalities following head irjury were often consiiered neurotic 
until more formal testing was applied to head-injured patients. Neurogenic 
deafness tends to be permanent. Conductive deafness tends to improve, 
because it is often cue to middle ear bleeding. Or it may be due to dislocation 
of the ossicles, and surgical intervention can restore hearing. 3 
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Mental. and Neuropsychologic Disorder,;; Following Read Injury ('Fable 2) 

These are the most coanon sequelae of mild, moderat:e, severe, or very 
severe head injury. The three general categories of ment:al disorder are those 
of (1) personslity, (2) intellectual performance, and (3) m=ory. 14, 21, 22, 23 

In evaluating the patient for mental alterations following head injury, 
it is important to obtain as clear a picture of the patient's premorbid 
psychological and intellectual funct:ioning state as possible. In obtaining 
the history, it is also :Important to speak to the family in some detail 
about the patient's performance. Ve..ry often the injured individual will 
clam there are few ch~ges or difficulties with his adapted behavior, 
whereas the family wi11 describe major personality changes. TI,e opposite can 
also be seen, particularly when the patient is feelins hyperirritable and 
generally nervous. Individuals experiencing sequelae in personality, 
intellectual function, or memory should undergo psychometric-neuropsycho
logical evaluation. 

Head injury has produced a w-ide range of deficits in intellectual 
leve1,24 information processing,25 me111ory,26 perr.~ption,27 and motor functicn. 28 
Psychia~ric sequelae of head injury have varied in severity from mild anxie~y 
and depression to conditions of psychotic proportions. Thinking disturbance, 
social withdrawal, and psycho:notor retardation are particularly sensitive to 
severe closed head injury, while mild anxiety and depression are not uncommon 
findings after head injury which produces little or no neurologic dysfunction. 29 

Although the characteristics of post-traumatic behavioral deficits have 
been amply documented, few studies have systematically analyzed neuropsycho
logical impairment in relation to indi~es of injury severity. Recovery of 
neuropsychological functioning may continue for at ;.east three years after a 
severe closed heaa injury, depending upon the severity of trauma and the specific 
ability which is evaluated.24 

Gronwall and Wrightson25 found that patients with an ostensibly mild 
closed head injury, "concussion", exhibited a decline in information processing 
capaci.ty whi.cb. persisted for several. weeks after injury and was cl.osely related 
to the duration of both vocational. disability and "post-traumatic syndrome." 
Severe head injury, as reflected by cl.uration of coma, Glasgow Coma ScalelO score, 
and neurologic deficit often results in varying degrees of prolonged social and 
vocational disability, accompanied by persistent cognitive impairment and 
psychiatric manifestations.30 However, there is still considerable 
uncertainty with regard to early prediction of neuropsycbological recovery 
after head injury. 

Assessment of fitt>ess fo-.: flying in pi.l.<>ts "1\o have sustained head 
illjuries is a particularly COillplex problem which raises several methodological 
issues (Table 3). Appropriate evaluation should consider that the role of a 
pilot has increasingly J,ecome that of a decision-maker in a complex =-machine 
system..31 Capacity for '-1ltegration of information from several sources, 
and adaptability to changing situations are characteristics of a proficient pilot. 

Recent studies have shown that capacity for divided attention in a 
situation of time-sharing between two tasks is positively related to flying 
proficiency.32, 33 Employing reaction ti.me and compensatory tracking as predictors 
of success :In flight training, Nor1ili and Gopher found dual t:ask performance 
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Table 2 
MENTAL SEQUELAE OF HEAD lNJUllY* 

~

personality 
disorclet·s of intellect 

memory 

frontal··severc behavioral problems 
right hemisphere-viauo-spatial deficit 

<defective v~rbal skills 
left hemisphet·e 

without dysphasia 

subjective mental and somatic features 

prolongation anu l!)(cggeration of 
post-traumatic syndrome 

depression 
schizophrenia 
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TABLE 3 

liEIJROPSYCHOLOGIC ASSESSMENT FOR OUTCOME OF BEAD INJURY IN PILOTS 

I. Demographic Characteristics and Adjustment to Daily Activities 

A. General personal history 
B. Flying history 
c. Estimate of cognitive functioning 

1. Results of standardized tests given prior to injury by 
military service or airline 

2. Detailed interview to obtain the patient's assessment 
of recovery and current adjustment to activities of 
daily living 

D. Glasgow Outcome Scale6 

II. Neuropsychologic Evaluation 

A. GalvE:Ston Orientation and Amnesia Test 
B. Wechsler Adult Intelligence Scale 
C. Brief aphasia examination 
D. Computer-generated paced auditory serial addition task (PASAT) 
E. Pursuit rotor manual tracking 
F. Divided attention task (PASAT and Pursuit rotor task) 
G. Selective reminding test <>f learning and memory 
R. Continuous recognition memory 
I. Electronic measurement of motor reaction time 
J. Bender - Gestalt 
K. Brief Psychiatric Rating Scale 
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Table 3 (cont'd) 

III. References-neuropsychologic tests 

Bender L: A Visual. Motor Gestal.t Test and its Clinical Use. (Visuomotor) 
New York, The American Orthopsychiatric ~soc, 1938. --

Benton AL: Problems ~f test construction in the field of aphasia. 
(aphasia examinatior) Corteit 3:32-58, 1967 

Buscbke R, Fuld BA: Evaluating storage, retention, and retrieval in 
disorder memory and learning (Gestal.t Test) (memory and learning) 
Neurol ll:1019-1025, 1974. 

Gronwall D, Wrightson P: (PASAT - Infonnation Processing) Recovery after 
minor head injury. Lancet 2:1452, 1974. 

Hannay HJ, Levin HS, Grossman RG: Impaired recognition memory after head 
injury. Submitted to Cortex, 1978. 

Jennett B, Bond M: Assessment of outcome after severe brain damage. 
(Glasgow Outcome Scale) Lancet 1:480-487, 1975 

Lafayette Instrument Company (Pursuit Rotor Tracking Task) Box 179, 
Lafayette, Indiana 74902. 

Marietta Instrument Company (Reaction Time Test) 118 Waple St, Marietta, 
Ohio 45750. 

overall JE, Gorham DR: The brief psychiatric rating scale. Psychological 
Reports 10:799-812, 1962. 

Wechsler, D: The Wechsler Adult Intelligence Scale. New York, 
Psychological Corp, 1955. 
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efficiency was more strongly related to flying ability than was performance 
of either task alone. Moreover, flying instructors were better able to 
cope with a t:fllle-sharing condition, and to differentially allocate their 
attention according to changes in task priorities, than were flight 
students. Because capacity for information processing has been shown to 
be compromised after even an apparently mild head injury,34 evaluation of 
this capability would appear to be critical in a head-injured pilot. 

I..dividual diffe-rences in emotional stability a-re also -related to 
flying proficiency. Hayward administered personality tests to pilots 
and independently evaluated their operation of a computer-assisted 
simulated flight machine.35 He found pilots whose attention was engaged 
by ruminative thinking had impaired performance, compared to a control 
group of patients without emotional disturbance, and to a group of 
pilots who exhibited a high level of anxiety unaccompanied by rumination. 
In view of the evidence for psychiatric sequelae of head injury, it is 
important to assess changes in personality prior to the resumption of 
flying. 

Evaluation of flying proficiency after head injury is complicated by 
interaction of neuropsychological sequelae with stress factors associated 
with flying, particularly with respect to commercial and military aviation. 
Proficiency of performance normally declines as a result of circadian 
desynchronization related to transmeridian flights.36, 37 Sleep loss, 
noise, heat, and high accelerative force are among the sources of stress 
in different flight situations. It is plausible that adverse effects of 
head injury on flying efficiency could interact with such stress factors 
in such a way that post-traumatic illlpairment in flight performance might 
be manifested only under specific conditions. 

RECOMMENDATIONS 

Airmen who have sustained head injury classified as moderate, or more 
severe, should be required to dndergo simulator or flight testing under 
conditions of maximum expected flight stress before being returned to flight 
status. If there is indication of :bnpai:rment of flight capability, or if 
the airman or his family-give a history of intellectual :ilnpairment or 
behavioral disturbance, then more detailed neuropsychological testing is 
recomm.mded. 

If an airman fails to perform satisfactcrily in simulated flight 
testing and in neuropsychologic testing, the tests may be repeated every 
three to six months. However, it should be remembered that naximum 
improvement will have occurred within the first 12 to l!I months after 
injury. Unrealistic hopes for returning to flight status should not be 
raised in patients who have profound neurologic and neuropsychologic 
sequellae after severe head injury. 
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POST-TRAUMATIC EPILEPSY 

The development, recession, and residua of post-traumatic epilepsy 
follow natural laws that are imperfectly defined. However, from studies 
following World War I, 38, 39 World War II, 40, 41 the Korean C~nflict, 42 
and the Vietnam War, ~3 principles have emerged that warrant attentiou: 

(1) the onset of epilepsy is significantly related to a) local brain 
destruction, b) its location, and c) diffuse brain damage, 
reflected by alteration in consciousness. 

(2) There has been no manifest change in incidence from one war to 
another,44 in spite of marked improvement in patient transport, 
surgical techniques, medical management, and the prophylactic use 
of anticonvulsants in Vietnam. 

(3) After injuries incurred in combat and support activities, the 
onset of new epilepsy cases rises sharply, with 4% to 5% of the 
individuals having an attack in the first week, 10% to 11% in 
the first three months, 16% in the first six months, 23% in the 
first year, 29% in the first two years, and a very low, but 
protract-~d rate of new cases there.after. Seizures occurring in 
the first week are less influenced by agent of injury or local 
brain damage, eg, there is no difference between missile and 
nonmissile injuries and no difference between military and 
civilian injuries.43, 45 Thereafter, there is a sharp divergence, 
with the more extensively injured patients providing the greater 
number with attacks. 

(4) ~n the population at risk, approximately 70% never have an attack. 
In those that do, the development varies in degree, according to 
frequency. The latter ranges from a single attack to a number 
that defies an accurate count. 

(5) As new epileptic cases are accumulating, individuals with early 
epilepsy are having their last attack. When cumulative onset is 
plotted against cumulative cessation, ie, no attack within two 
years, it is evident that within 5 to 10 years, half will have 
ceased having attacks, with or -'ithout therapy. Half of the 
remainder, about 7% of tCe injured, will have intractable seizures. 

(6) While there is a clear correlation between severity of injury 
and onset of attacks, there is no correlation between severity 
of injury and cessation.42, 46 

(7) From the preceding, two principle determinants must be considered: 
a) the constitutional tendency to seizures, probably a multifactorial 

genetic trait, 47, 48 and 
b) the brain damage. In onset of seizures, both play a part, the 

constitutional factor apparently determining severity of attacks. 
In the cessation or persistence of seizures, the constitutional 
factor plays the dominant role. 

The above is drawn from military experience and attempts to encompass 
the phenomena of post-traumatic epilepsy 1n the aggregate. The following 
pertain to the evaluation of individual cases within the population at 
risk. 



60 

MINIMIJM CRITERIA FOR DIAGNOSIS 

There must be a reliable history 0£ significant trauma according to 
circumstance of injury, subjective complaints, and/or objective findings. 
These criteria should include at least one of the following: a) loss or 
alteration in consciousness, judged by the patient's inability to recall 
the events of the injury and a measarable period before the injury in 
minutes, hours, or longer; and/or an account by an observer of the patient's 
loss or alteration in response to outside stimuli for a measurable period, 
in minutes, hours, or longer; b) loss or alteration in motor, sensory, or 
special sensory function, ie, vision, hearing, smell; c) laceration or contusion 
of head, otorrhea, rhinorrhea, depressed fractures; d) open wound of head, 
with dural tear, or greater violation of brain tissue. The location of 
the initial impact has a greater signifi~ance for subsequent seizures when 
it approximates the central sulcus. 

There =st be a reliable histo-cy of a seizure. Every effort should be 
made to obtain an objective as well as a subjective account of the attack. 
A few lllOre usual examples of the clinical expression will be listed in the order 
of their expected recognition: 

Primarily generalized convulsive seizures - Occurring in well over half 
the cases40, 41 such seizures may be heralded by a cry or a blank stdre. 
The body stiffens, falls and jerks rhyth!nically, though not always 
symmetrically, for a minute or more, face is suffused, breathing noisy. The 
tongue may be bitten or sphincter cont-rel lost. 'Ihe move-nts subside. 
Coma gives way to sleep or confusion and finally full awareness. A "warning" 
is recalled by some of the patients, the major portion of the seizure by none. 
The aftermath usually includes headache, drowsiness, fatigue, or aching 
muscles, particularly of the back. One surmises that the discharging lesion 
is close to the midline, or if near the cortex it is capable of bringing 
about sudden, widespread, a.~d massive excitation in a manner that obscures 
focal phenomena. 

Partial seizures with elementary symptomatology - A focal motor seizure may 
present as a typical "Jacksonian" seizure. Given a discharging lesion in 
the hand area of the motor cortex, the attack may begin with rhythmic movements 
of the contralateral thuml,, r,ith progressive involvement of hand, arm, .face, 
trunk, and leg. If the "march" continues and crosses the midline, there will 
be loss of consciousness and involvement of the entire body in colonic and, 
to a lesser extent, tonic movements. With more limited spread, the attack may 
be confined to the upper extremity. Similarly, a restricted discharge from 
other points along the lllOtor strip may result in an occasional twitchin5 
of one side of the mouth o= a few jerks and transient weakness of one leg. 
Rarely, one may have a limited attack persisting for minutes or even hours, 
"epilepsia partialia continua." If the lesion is in the prefrontal ar.aa, 
the attack may start with the head and eyes turning co the opposite side, an 
"adverse seizure." If the seizure is in the dololinant hemisphere and clc,e 
to the motor speech area, there can be a momentary inability to speak. 
If accompanied by more obvious seizure phenomena, the postictal phase may 
lack word production for a while after alertness has returned. Other, 
more subtle, transient aphasic difficulties may arise from discharging lesions 
in the temporal or parietal lobes. 

Focal sensory seizures from the sensory cortex may follow the pattern 
of Jacksonian seizures, with aberrant sensation in place of abnormal 
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movements. There may be tingling or numbness in a limb, simulating impaired 
circu1ation; a sensation of warmth or cold, or of wind blowing over a 
part; or a strange sense that a member is shriveling. Attacks arising 
from the occipital lobe may be experienced by the patient as flashing 
lights, balls of color, or other crudely formed visual phenomena. There 
may be admixtures of the preceding focal, motor, and sensory seizures, 
a.nd any may progress to a generalized seizure. These local, spreading, 
and admixed attacks are found in about one-~hird of the cases. 

Partial seizures with complex symptomatology - "Psychomotor seizures" arise 
from a discharge mainly within the temporal lobt or lobes. Rarely is the 
spread sufficient to canse a generalized seizur~ Clinically, these attacks 
may begin with altered perception of the environment. Obje::ts or sounds will 
seem too distant or too close, a place too familiar or the opposite. 
There may be formed visual or auditory patterns unrelated to the environment 
but occasionally identified with the past. The motor activity varies and 
is not usually recalled by the patient. It frequently begins with movements 
about the 1DOuth, such as smacking, sucking, o-r swallowing, but p-rincipally 
it consists of repetitive, semipurposeful action of a part or of the 
entire body. The patient may simply pick at a button or continue to sta:np 
out a cigarette, or may run several blccks. During the attack the patient 
will seem confused but may not be :impervious to outside co=ands. Recognized 
psychomotor seizures will be found in less than one-sixth of the cases. 

Generalized seizures with impairment of consciousness as their main manifestation 
It should be remembered that fragments of any attack may occur naturally or as 
the result of incomplete control by medication. Unrecognized seizures which 
occur during sleep 111ay have a waking state expression o!: transier:t loss 
in awareness. "Petit mal" attacks, with classical repetitive, brief 
interruptions in awareness and a typical spike and wave electroencephalographic 
(EEG) pattern, have not been seen in the Korean or Vietnam War veterans under 
,,tudy. 

Status epilepticus, a succession of major attacks without intervening 
recovery of consciousness, is occasionally the first expression of 
post-traumatic epilepsy. 

Though these patterns sound complex, the recognition of attacks will 
usually be facilitated by the repetitive occurrence of an abnorma: movement 
and/or a loss or alteration of contact with the environment. 

OTHER RELEVANT CRITERIA FOR DIAGNOSIS WICH MAY Al-""'FECT PROGNOSIS 

Transient epileptic alterations in consciousness may be confused with 
syncopal attacks. Giddiness, blurring of vision, and loss of consciousness 
may accompany the vasomotor instability which not infreqi•ently follows head 
trauma foY a limited period. The posture of the patient, the setting in 
which the attack occurs, and the manner of recovery are often helpful in 
making this distinction. An increase in muscular tone, labored respiration. 
loss of sphincter control, or postictal headache would be against vasovagal 
cause. 
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Psychic phenomena, without proper attention to periodicity and 
repetition !n pattern, may be misinterpreted. If accompanied by gustatory 
movements or if there is an extension into more overt motor phenomena, the 
epileptic interpretation is clear. 

"Idiopathic" epilepsy unrelated to head injury may rarely have to be 
differentiated from seizures related to head injury. Considering the 
former, it should be remembered :I.ts peak :l.ncldence is around pu'>erty, its 
clinical pattern is classically symmetrical, a familial incidence is not 
uncommon, and when present, a typical spike and wave EEG is confirmatory. 
Against it would be a focal EEG abnormality or focal seizure pattern. 
S-y;nptamatic e~ilepsy from other cause must not be overlooked because of 
too much attention to the injury. The roost serious error in this regard 
would be to miss a brain tumor, an important etiologic factor in epilepsy 
as midlife is approached. 

RELEVANT DIAGNOSTIC PROCEDURES TO AID DIAGNOSIS AND ASSESSMENT OF PROGNOSIS 

The more precise the knowledge of the injury and the neurologic deficit, 
if one is apparent, the easier it is to anticipate and recognize a seizure 
pattern arising frOlll the injured area. Routine skull films will disclose 
linear fractures and the details of depressed fractures. Spinal fluid 
examinati~n may reveal blood in the subarachnoid space in injuries otherwise 
considered trivial. More sophisticated procedures, eg, arteriography and 
CT scan, delineate such reactions to injury as hemorrhage and brain swellint. 

A lucid subjettive and objective description of the attack pattern 
remains the most reliable criteria for establishing the diagnosis. 

The EEG is firm diagnostic confirmation when it shows a focal paroxysmal 
abnormality which correiates with the attack pattern. Less specific 
abnormalities are of no diagnostic aid. Nonepileptics show the same 
percentage of aberrant electrical activity as epileptics afte. co,nparable 
he.ad inji:i:ries.49, 50 Al.though in chil.dren aft.er head 1njucy, gene1:alized 
high amplitude spikes ma,y ~e seen up to six months without prognostic 
significance. 51 

PROGNOSIS IL"'LATIVE TO SUDDEN OR INSIDIOUS INCAPACITATION 

The nature of epilepsy includes the abrupt onset of individual attacks, 
all of which are completely or partially incapacitating. In practical terms, 
it may be worthwhile to approach the problem in segments of time follo~ing 
the :\.n:iUT'j. An a1:b1t.ra1::, division \00u1.d be, within one week, wit.bin one :;ea-r, 
and beyond one year. 

Within the first seven days, 4% to 5% of the apparently trivially inju:red. 
as well as the more severely injuretl, ~"ill develop one or more attacks. 
While some will have a single seizure, 1 of 10 will have status epilepticus 
without regaining consciol!Sness. Because of the signific~nt possibility of 
seizure during the first week following even mild head injury (see earlier 
classificatio~), it would appear prudent to r~strict airmen from f1ying 
during this period of time. 
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"k'ithin the first yea,r, unlike these within the first week, the likelihood 
of developing one or more attacks is more closely linlud with the severity of 
the injury in terms of length of unconsciousness and aU<lunt of brain destruction. 
The risk, adjusted for :i:me, rises rather sharply to approximately 25% of 
the injured, in combat and support activities. lnj11ries from civilian life 
may be com~ared, if they eo11Sist of depressed fractures and acute intracranial 
hematomas. 5 In less serious civilfan injuries, the risk may be halved. 
Admittedly, this is approximate for lack of more specific observations 
over an appropriate length of time. The prediction of individuals who will 
develop seizures aside from the estimated probability mthin the more 
severely injured group, is difficult. As stated, the EEG will not help, 
except indirectly as a reflection of the severity of the injury and retained 
damaged brain. If t~ere was a febrile seizure in childhood, or overt 
convulsive disorders in the parents, siblings, or offspring, the estimated 
risk should be increased by a facto~ of at least 2. 

Once attacks have begun, their freq:.iency may be quite helpful in 
predicting their continuation over time. For example, if there are 
more than two attacks in the first >i'eek, the probability of persistence 
is 44%; if there are more than three attacks in the first year, the 
probability of persistence up to four years is 85%.~6 The frequency is 
far more reliable than the attack pattern, ie, whether the seizure is 
generalized, focal, or both. 

The onset of new seizure cases levels off after one year, and beyond 
twv to three years new cases are rare but do occur. In relating the seizure 
to the remote trauma, one is more secure if the seizure pattern corresponds 
to the site of the initial impact, and if there are no other etiological 
findings. Further, it is worth remembering that overall incidence is judged 
at 1%, while that for the head injured is 5% to 30%. 

MEDICAL THERAPY AFFECTING PERFORMANCE, INCAPACITATION, AND PROGNOSIS 

Prophylaxis - Ideally, if an adequate anticonvulsant regimen could be 
established from the time of injury, the first attack would be prevented. 
In practice, it is not easy to establish an effective blood level on the 
day of injury, and it is extremely difficult to achieve adherence to a 
drug regimen cnce the patient is discharged from the hospital seizure 
free. However, there is a current investigative effort to evaluate an 
early prophylactic regimen. 52 The Vietnam experience did not demonstrate 
che effactiveness of a long range prophylactic effort. Until there is further 
i'.lformation, prophylactic drug regimens for those without seizures may be 
·reserved for the lllOre severely brain damaged. Cases with fungating cerebritis who 
carry a very high risk should always be placed on a prophylactic drug regimen. 

Ther~py for established seizures - At present there are many anticonvulsant 
drugs. The most effective forpost-traumatic epilepsy are phenobarbi~al 
and phenytr.in sodium. Phenobarbital, 0.1 to 0.4 gm/day, is used generally 
in cases o:: low frequency attacks. For the ,nore difficult problems, phenytoin 
sodium may b~ used in doses of from 0.3 to 0.5 gm/day. If this fails. both 
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drugs may be tried at maximum levels of tolerance. 53 In psychomotor seizures, 
commonly the most intractable, pri:,i;.done may be added to one or both of these 
compounds at 1.0 to 1.5 gm/day. Patients_may experience side effects while 
using these drugs: phenob:irbital may cause drowsiness; phenytoin sodium 
may produce nystagmus, blurring of vision, ataxia, or skin eruption; and 
primidone may cause drowsiness or gastric disturbance. 

Thera-py as above, together with the natural tendency towa:rd cessation, 
will control attacks in 65% to 75% of the patients. The remainder will continue 
to have attacks. 

Status epilepticus must be treated as a medical emergency. From 0.4 to 
0.6 gm of sodium phenobarbital by vein, or 1.0 gm of sodium phenytoin, or 
20 mg of diazepam may interrupt the attacks. Using less medication by other 
routes only temporizes and frequent repetition CO!llplicates the problem with 
drug intoxication. Comprehensive supportive therapy with attention to a free 
airway, oicygen supply, fluids, nutrients, and electrolyte balance, increases 
the possibility of a spontaneous remission. 

SURGICAL THERAPY 

Prompt and definitive surgical care is essential in limiting the destructive 
processes of the injury, thereby limiting this factor in the production of 
seizures. 

Surgery, with intent to remove the epileptogenic focus, should be 
contemplated only in cases "7ith incapacitating attacks after failure of a 
trial, for at least a year, of optimum medication. Given a demonstrated locus 
of the discharging lesi0n in a part of the brain that may be spared, precise 
removal should provide better control of the attacks in about 50% of the cases.54 

EFFECTS OF STRESS OR OTHER STATES RELATING TO PROBABILITY OF INCAPACITATIO~, 
AND PROGNOSIS 

As sequelae of head injury, there may be less capable homeostatic controls, 
evidenced clinically by greater vulnerability to physical and emotional stress, 
alteration in sleep pattern, diminished tolerance to alcohol, and other indications 
of endocrine or metabolic dysfunction. Thus, there are several possible 
precipitants if the seizure threshold is lo"7. In the aircraft, the emotional and 
physical stress of handling excessive air turbulance might precipitate a seizure 
in a susceptible individual. A less likely, but possible, factor ii. lo"7ering 
the attack threshold is the response to diminished atmospheric oxygen, even 
in ~ressurized cabins. Factors in the life style of the subject which could 
be important in precipitating an attac~ are intake of alcohol to any degree, 
excessive fatigue, and loss of sleep. 

ESTIM..\TES ABOUT FREQUENCY OF MEDICAL EXAMINATIONS AND RECO~"IDATIONS 

In addition to necessary and appropriate management of the injury during 
the acute and convalescent phases, attention to the possible onset of seizures 
should begin at the time of injury, vi~h intervals between medical contacts 
being increased as the risk declines. In pyactical teTinS this ~ould mean 
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examination during the first week and at the end of one month for mild injury, 
with additional evaluations at three month intervals for one year, and with 
year1.y contact: over two additional years for the mcderate and severe injuries. 
Shoul1 seizures begin, the contacts should be weekly until they are controlled, 
or significantly modified, with monthly visits for the ensuing six months and 
half yearly intervals thereafter. Throughout this time period, blood levels 
of t:he_drug in use should be determined. Should the seizures stop for two 
years, a gradual withdrawal of ll!edication might be attempted. Appropriate 
modification in management is necessary in seizures intractable to any form 
of medication. Over 25% of patients developing seizures will be intractable 
to all forms of therapy. The patient who has a seizure years after the bead 
injury should be evaluated and managed initially as a patient who is having 
a first seizure (see statement on Seizure Disorders). Only after ruling out 
other possible causes should the original bead injury be implicated as the 
cause. 

CEREBRAL PALSY 

Cerebral palsy (CP) is a chronic disability characterized by loss or 
impairment of voluntary muscle control. It appears early in life and is not 
the result of recognized progressive diseases. This disability can result 
fr01n damage to the developing nervous system before, during, or after birth, and 
its manifestations may be associated with varying degrees of mental retardation, 
speech defects, or convulsions. The deprivation of oxygen late in pregnancy, 
during the process of delivery, and in the first days of life is a common factor. 
!iemcrrhage, related to lack of oxygen or to physical injury during the birth 
process, can severely damage the newborn' s brain. Infections of the mother during 
pregnancy, or of the young infant, such as Ger~an measles (rubella), syphilis, 
t~xoplasmosis, cytomegalovirus, and herpes simplex are among infections which 
may cause CP and other evidence of brain damage. Although symptoms vary, two 
common types of CP are the spastic, characterized by tense, contracted muccles, 
and the athetoid, characterized by involuntary movements of arms and legs. 
Physical therapy, bracing, and at times orthopedic surgery are indicated if 
the potential for functioning warrants it. Drugs such as diazepam may sometimes 
be effective in reducing tension and in limiting other problems connected with 
nerve damage. 

Relevance to FAA Regulations 

CP is usually well stabilized and without the hazard of sudden change when 
individuals seek flight crew status. The degree and type of disability 
compatible with the operation of an aircraft or the functions of other members 
of the flight crew, however, would have to be considered. Minimum loss in 
motor function with modest spasticity has not interfered with the operation of 
a motor vehicle. The patient's mental functioning should be at the usual 
requirements for a pilot's license. 

The patient's physical handicap should not include athetosis, tremor, 
spacticity, or rigidity to a degree that would interfere with the instantaneous 
handling of control instruments. The sense of balance must not be impaired. 
Speech must not impair communications with ground control. Vision and hearing 
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llll!St taeet flight standards. An indivi.dual subject to convulsive seizures in 
childhood must have been free of attacks for at least two years off of 
anticonvulsant medicat.:ton. In short, the principal deficit must be limited to 
minor motor impain,ent within the current requirements for physical fitness. 

INFANTILE HEMIPLEG!A 

Infantile hemiplegia is hemiplegia that develops in the first few years of 
life from a variety of causes, including congenital defects, birth injury, and 
early infectious processes. The resultant disability should be assessed in the 
same lllanner as that described for CP. 

CHRONIC SUBDURAL BEMATOMA 

I. Definition: A subdural hematoma of 1n0re than two weeks' duration usually 
resulting from trauma. 

II. Minimum initial evaluation of person who has been treated for subdural 
hematoma 

A. History of -
1. Injury c:,using hematoma 
2. Persistence of symptoms like headache; visual, motor, or speech 

disturbances; ataxia, etc. 
3. Seizures and anticonvulsant medication 

B, Examination -
1. General physical 
2. Neuro!ogic, including evaluation of mental state 

C. Laboratory studies -
1. X-rays of skull for evidence of cranial trauma 
2. CT scan for evidence of recurrent hematoma 
3. EEG 

III. Follow-up -

A. Evaluation every three months for six months, then ev£ry six months 
for two years 

B. Re?eat EEG as above if abnormality present 

C, C'1eck for symptoms or signs of increasing headache; increased neurologic 
er mental deterioration; and failure of seizure control 

IV. Prognosis - Major recovery can be expected by six months, and max:mum 
recovery by two to three years. After several ""'nths, recurrence is unlikely. 
If a satisfactory neurolcgic recovery occurs, sudden incapacitation or 
insidious worsening is not to be e:l<Tlected. 
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HYDROCEPHALUS AND SHUNTS 

I. Purpose of shunts - To control intracerebral pressure by prevention 
of CSF accumulation within the ventricular system 

II. Types of shunts -

A. Anatomical considerations 
1. Within the CNS: ventricle to subarachnoid space (eg, ventriculostomy, 

Torldldse.~) to by-pass ventricular obstruction 
2. From CNS to extra-CNS compartment: origin is ventricle or lumbar 

subarachnoid space (rarely subdural space or intracranial cyst) 
~erminus is vascular system (right atrium) or peritoneal cavity, 
rarely ureter, ple~ral space, etc. 

B. Equipment - various designs, each using the principle of one-way valve 

III. Disease processes leading to shunt 

A. Any lesion, congenital defect, scar, tumor, etc.,leading to obstruction 
of CSF pathways 

B. "Normal pressure hydrocephalus" - etiology f~equently unknown but 
may follow subarachnoid infection or hemorrhage (see statement on Common 
DEJDYelinating, Degenerative Diseases) 

IV. Minimum initial evaluation of person with shunt 

A. History of -

L Factors leading to st,unt 
2. Symptoms of shunt malfunction, headache, lethargy, vomiting, 

increasing ataxia, incontinence 
3. Symptoms of shunt infection, intermittent low-grade fever 

B. Examination 

1. C~neral physical 
2. Neurologic-including funduscopy 

C. Laboratory studies -

1. X-rays of skull and shunt terminus in chest or abdomen to 
determine position of shunt and conf~rm lack of separation of 
shunt elements 

2. CT scan of skull to determine size of ventric:es 

V. Follow-up of person with functioning shunt 

A. Evaluation every six months 

B. Check for symptoms or signs of 
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1. Intracranial hypertension 
2. Mental deterioration 
3. Ataxic gait 
4. Low grade infection 

VI. Prognosis - Adults with a satisfactorily functioning shunt have a 
relatively low incidence of shunt failure. Sudden incapacitation 
from shunt failure is unlikely. More likely, symptoms of headache or 
lethargy will develop gradually, the individu~i lrl.11 recognize something 
is wrong, and there will be ample time to seek medical care. 

Thus, adults with a history of hydrocephalus previously treated with a 
shunt and who presently have a shunt in place are not prone to sudden 
incapacitation from shunt malfunction, and insidious incapacitation 
over time is also not to be expected. Rather, only mild symptoms may 
develop with shunt malfunction, which the individual should recognize 
and which will not, at least over the short course, particularly affect 
perfor:nance. 

Patients with late life oni;,et of normal press·Jre hydrocephalus (occult 
hydrocephalus) should be considered to be in a special category (see 
statement on Cominon Demyelinating, Degenerative Disorders). If normal 
pressure hydrocephalus is present, insidious incapacitation may occur 
even with a shunt in place. 

CSF F1STu'1...l\E 

Because there is a communication between the intracranial space and the 
atmosphere when this condition exists, major changes in atmospheric pressure 
should be avoided. If it is possible, CSF fistulae should be repaired. If 
the leak continues, piloting an airplane is not recODllil~nded. 
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CO~.ON DEMYELINATING AND DEGENERATIVE DISEASES AND 
EXTRAPYR.A)1IDAL DISORDERS - PANEL 4 

Charles M, Poser, HD (Chairman), Milton Alter, MD, 
Robert D. Currier, MD, and Samuel E. Hunter, MD 

~IDAL DISOl\DERS 

The neurologic diseases which are classified R'.l "extraryramidal 
disorders" are in general characterized by the presence of involuntary 
movements. The structures involved in producing extrapyramidal diseases are, 
for the most part, the basal ganglia. 

PARKINSONISM 

This is the most common of the extrapyramidal disorders; prevalence is 
estimated at 1% of the population over age 50 years, wi~h approximately 36,000 
new cases developing each year. The disease is characterized by rigidity 
of trunk, limbs, and head; by resting or occasionally intention tremor of the 
head or limbs, usually the hands; and by bradykinesia, or slowness in initi
ating voluntary movements. Presence of one component of the triad of rigidity, 
tremor, and bradykinesia suggests the disease and constitutes the minimal 
clinical criterion for diagnosis. 

But the clinical array of signs in Parkinsonism is often much broader 
than the triad cited, and various other features which affect prognosis can 
be present in a given case. Patients may suffer from voice disturbances, which 
can seriously affect communication, The voice may be poorly modulated and 
soft, and may tend to trail off into inaudibility. Handwriting assumes a 
micrographic style, in which letters may 3tart at normal size but get pro
gressively smaller and become ill~gible. Presence of ~he Parkinsonian 
patient's tremor adds to the difficulty of reading the patient's script. 
lilhil.e patients scan wel.1. vith the eyes, ra,'id movements of the head and truck 
are impaired, so that instruments not located directly in front of the 
patient may be difficult to read. In some patients, there is a slowness 
of body movements, although intellect is usually well preserved. 

Other movement disturbances include difficulty in arising from a low 
chair and impaired postural reflexes with easy loss of balance or inability 
to catch oneself, if the center of gravity is suddenly displaced. Thus, a 
Parkinsonian patient is more likely to fall if his base is suddenly shifted, 
as ,night occur if an aircraft passes through turbulent air. 'this same postural 
difficulty gives some patients a hascening gait, in which they se<0m to "run 
after their center of gravity." Alternatively, the gait may be shuffling with 
short steps. If a patient tends to fall backward, the condition is called 
retropulsion. Saliva cannot be swallowed well, and this leads to drooling 
and sialorrhea in more severe cases. 

Besides disturbances in movement involving striated muscles, smooth 
muscle systems are also affected. Constip~:ion is common, and muscles in
ner-~ated by the autonomic nerves can be impaired, producing disturbances in 
blood pressure, which is usually low, and i.Jllpsired sweating and body heat 
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control. An extreme fonn of this type of involvement of the autonomic 
nervous system is known as the Shy-Drager syndrome and is characterized by 
severe postural hypotension which is quite incapacitating, The latter is 
particularly disturbing in warm weather or in poorly vantilated compartments 
and can lead to collapse. Sometimes pyramidal signs are present in addition 
to the r~gidity of extrapyramidal origin. 

Diagnostic Procedures 

There is no specific diagnostic procedure other than clinical evaluation. 

Prognosis for Sudden or Insidious Incapacity 

Untreated Parkinsonism is a insiduously progressive disorder which, 
over many years, produces incapacitation. From year to year, many patients 
show only slight worsening, and most will live a nonnal life span and die 
from some other cause. With modern treatment, a pati.ents' s incapacity can 
often be reversed, a~d the condition can l improved dramatically. However, 
available therapy does not arrest the dise .~e process. Moreover, as will 
be discussed, the treatment can result in sudden worsening due to toxicity, 
.:,r the patient may becom-s incapacitated suddenly by what is termed the "on
off" phenomenon, wherein he passes quickly from relative normalcy to rigid 
incapacitation. 

Medical Therapy 

One of the most dramatic advances in medical therapy in the last several 
decades has been the introduction of levo-dihydroxyphenylalanine (L-Dopa). 
This compound passes readily from the gut through the blood-brain barrier 
into the nervous system. It is converted to dopamine, the neurotransmitter 
which is deficient in Parkinsonism. As dopamine level~ rise, the rigidity, 
t~emor, and bradykinesia improve, often spectacularly. Long-term follow-up 
over several years indicates that eventually larger doses of L-Dopa are re
quired, ie, the patient becomes refractory to the drug. Because L-Dopa is 
partially metabolized by decarboxylase enzymes, large doses are required. 

Introduction of a drug combining L-Dopa with a decarboxylase inhibitor 
has allowed reduction of the al!lount of L-Dopa needed for therapeutic effect 
and has lessened the unpleasant side effects of L-Dopa. Nausea was one of the 
side effects which now occurs rarely during treatment of Parkinsonism. 
Another important side effect it dyskinesia, mainly of the head, mouth, and 
neck. This toxic effect is not painful to the patient but, if present, 
requires reduction of the dosage. A slow buildup of L-Dopa/dP.carboxylase 
inhibitor is indicated and is better tolerated by the patient. 

Another dreg which may be used either alone or in combination with L-Dopa/ 
decarboxylase inhibitor is amantadine hydrochloride. This drug can ameliorate 
all Parkinsonian symptoms but is less effective than L-Dopa and seems to lose 
its beneficial effects rapidly, sometimes in a few months. Amantadine over
dosage results in toxic delirium but not in dyskinesia. A skin change 
ui.lled "livido reticularis" may be seen, but this is benign and need not re
qilire discontinuance if the drug is effective. 
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Older though still widely used therapeutic agents for Parkinsonism 
include anticholinergic drugs such as trihexyphenidyl and benztrop~ne mesylate 
These drugs are far less effective than L-Dopa but have a place in mild cases 
or as adjuncts to L-Dopa, Similarly, antihistamines such as diphenhydramine 
or orpher.adrine are of some benefit to the Parkinsonian patient. Side 
effects in~lude blurring of vision, which can adversely affect the reading of 
instruments. It should be borne in mind that certain drugs induce Park
insonism. These drugs include phenothiazine compounds and the major tran
quilizers. 

Surgical Therapy 

While surgically placed lesions in the ventrolateral nucleus of the 
thalan,,~s produced dramatic improvement and, in skilled hands with stereo
taxic control, few complications, surgery is rarely performed today in 
treating Parkinsonism. Like drugs, the surgery does not cure the underlying 
disorder, and patients subjected to thalamotomy often required further 
treatment. Moreover, bilateral lesions usually must be placed, with an 
increased attendant risk of paresis and bulbar difficulties, for instance, 
in swallowing and sreech. 

Stress 

Under stressful conditions, Parkinsonian symptoms usually worsen, tremor 
becomes more pronounced, and rigidity increases. However, a patient with 
Parkinson's disease may overcome completely his rigidity and akinesia. For 
example, when a fire breaks out, the Parkinsonian patient, previously con
fined to a chair, may be able to leap up and rush from the room. When 
danger has passed, the :immobility quickly returns. Such rare reversals of 
Parkinsonism are possible because the motor system subserving voluntary 
movements, the pyramidal system, is spared. 

Frequency of Follow-up 

The slowly progressive nature of Parkinson's disease allows relatively 
infrequent follow-up. While medication is being adjusted, weekly visits to 
a physician are required, and, for convenience, some physicians even hospi
talize their patients. After adjustment of medication, a visit to the physi
cian once every four to six months is sufficient. 

Recommenc!.ations 

The diagnosis of Parkinsonism per~ need not be disqualifying. Actual 
performance must be gauged wit!. emphasis upon ::he following criteria, 
which should be judged in terms of specific functional incapacitation: 

1. bradykinesia 
2. rigidity 
J. tremor 
4. inability to adjust center of gravity 
5, rapid eye scanning 
6. voice quality 

The above criteria must also be evaluated with regard to the effect of 
treatment, after the therapeutic regimen has been stable for at least 6 months. 
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Finally, the side effects of the treatment itself 111Ust be evaluated in terns 
of orolingual dyskinesia, postural hypotension, and the on-off phenomenon. 
In many instances, adequate and appropriate medical treatment does restore 
full function. 

WILSON'S DISEASE 

Inheritance of an enzyme deficiency in protein metabolism results in 
deficiency of ceruloplasmin, a copper binding protein in the blood. This 
autosomal recessive disorder results in hepatolenticular degeneration, Wilson's 
disease. Affected individuals have impaired liver and renal function as well 
as a movement disorder due to excessive amounts of copper in the tissues. 
Diagnosis depends on abnormally low levels of ceruloplasmin in the serum and 
excessive copper excretion in the urine. Demonstration of these defects be
fore clinical signs appear allows the diagnosis to be made and therapy to be 
instituted. The movement disorder may be dystonic, choreiform, or rigid as 
in Parkinsonism. 

Diagnostic Procedures 

Because copper is deposited around the limbus of the cornea, a slit 
lamp ophthalmological examination may reveal the diagnosis. This ring-like 
copper deposit is called the Kayser-Fleischer ring. A liver biopsy will 
usually reveal cirrhotic changes and excess copper deposits. Pen~.cillamine, 
a chelating agent, will mobilize copper stores from tissues and yield copper 
excretion values in a 24-hour urine specimen many times higher than normal. 
Aminoaciduria is also present. 

Prognosis 

Untreated individuals experience liver failure or uncontrollable move
ment disorders and die within several years. However, if treatment to 
limit copper intake and remove copper stores begins early eno~gh, affected 
individuals may anticipate a full life span with no limitation in activities. 

Medical Therapy 

Copper-containing foods are prohibited. Thcs, liver and other organ foods 
must oe avoided. Potassium disulfide is taken to form an insoluble copper 
sulfide L~ the gut, which prevents its absorption into the eystem. Peni
cillamine is given to remove any excess copper stored in the tissue. This 
regimen often results in reversal of symptoms. There are no indications for 
surgical treatment, unless hepatic shunting is needed in those who hav~ de
~eloped severe liver disease. 

Stress 

Stress makes 
is no exception. 
respond to stress 

all extrapyramidal disorders worse, and Wilson's disease 
However, the patient under therapy may be expected to 
in normal fashion. 
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Medical Follow-up 

Evaluation of serum and urine copper, liver function, blood, and urine 
should be carried out at least two times a year, even in well controlled 
patients. Initially, monthly follow-up is indicated. 

Recommendations 

Semi-annual examinations, along with determination of serum and urinary 
copper levels in a patient who is under good medical control, should allow 
for conditional qaalification. 

GILLES DE LATOURETTE SYNDROME 

Patient~ with this affliction show tic-like movements of all parts of 
the body, particularly the head and trunk. At the same time, they grunt, 
cough, exhale, and bark. The most bizarre feature includes the uncontroll
able uttering of obscenities, coprolalia. The condition begins in childhood 
or adolescence. The minimal diagnGstic criteria include the above ~igns, 
especially coprolalia in association with grunting or barkirg. 

The untreated condition last for years, but control is possible with 
drugs. Haloperidol, 2.5-10 mg/day is effective. No surgical therapy is 
indicated. 

As with ~Ll extrapyramidal disorders, stress makes this syndrome worse. 
The patient should be seen every 6 months. Absolute disqualification from 
medical certification is reconnnended. 

DYSTONIA MUSCULORUM DEFOfil'.ANS AND TORTlCOLLlS (TORISON DYSTONT-A) 

Twisting of the trunk, limbs, and head constitute the primary clinical 
features of dystonia musculcrum deformans. Twisting of the head and neck 
alone is called torticollis. This may be the initial feature of dystonia mus
culorum defomans. The condition is disfiguring and often forces the afflicted 
individual into grotesque posturing. Intellect is preserved. Prognosis is 
better if limbs are affected initially than if the trunk if first involved. 
Speech is difficult to understand, because the chest and throat muscles are 
~nvolved in the dystonia. Musc~es in chronic contradiction tend to hypertrophy, 
so it is conunon to see one sternocleidomastoid muscle bulging a3 the head is 
held in torticollis. Retrocollis is e.nother posture sometimes assumed by the 
patient. There are no diagnostic procedures of value besides the clinical 
appraisal. 

Prognosis 

The disorder incapacitates the victim after a number of years; with per
sistent torticollis the individual may not be able to function at work even 
a few months after onset. No effective medical •herapy is available. 

Surgical Therapy 

Rasal ganglia lesions, usually in the thalamus, have prod,,c,ad dramatic 
improvement in some cases, and individuals with unilateral difficulty seem 
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to benefit 1110st, In general, incising the sternocleidomastoid muscle is 
not recommended because the disorder is progressive. 

Stress, Recommendation 

The condition worsens with stress. Absolute disqualification from medi
cal certification is recommended, 

BALI.ISM (HEMIBALLISM) 

Violent, throwing movements of the limbs, usually on one side, is 
called ballism or hemiballism. The ballism worsens with stress. The con
dition is usually caused by damage in the subthalamic nucleus. The site of 
the lesion in the basal ganglia may be inferred by noting "neighborhood" signs, 
such as those occurring with damage to the adjacent internal capsule or 
third nerve, 

Prognosis and Medical Therapy 

Outlook is grave, unless the violent movements can be suppressed by 
sedation or by large doses of tranquilizer~ such as haloperidol. 

Surgery 

A lesion placed in the area of the globus pallidus, ventrolateral nucleus, 
or thalamus can alleviate the ballism. 

Reco,mnendation 

Absolute disqualification is reco,mnended, with automatic or conditional 
disqualification six months after medical-surgical regimen. Disqualify un
less surgically relieved. 

AT'!ETOSIS 

Most cases of athetosis occur in infancy because of prenatal, perinatal, 
or i,mnediate postnatal injury to the individual. Twisting, writhing movements 
of the limbs interfere with voluntary movements. Prognosis is for stability 
of the condition. 

Therapy 

There is no effective pharmacological treatment. 
patients overcome some disability. Surgical therapy, 
considered. 

Follow-up and Recommendation 

Physiothe~apy may help 
thalamotomy, may be 

Annual visits to a physician are sufficient to follow this disorder. Ab
solute disqualification is recommended. 
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ESSENTIAL TREMOR 

Rhythmic, rapid, SJDall amplitude tremor of the hands, and less often 
t~e head, constitute minimal diagnostic criteria for essential tremor. 
Sometimes the voice is affectP.d by tremulousness. There is no procedure 
which aids in diagnosis. The disorder, inherited as an autosomal dol!d
nant trait, has none of the associated rigidity or akinesia characteristic 
of Psr.kinsonism. 

Prognosis, Stress 

The condition is benign in most cases, although the tremor may be 
embarrassing and annoying. It gradually pro~resses, although years may 
pass before this is apparent. Stress definitely worsens the tremor. 

Medical Treatment 

Propranolol hydrochloride is often effective, although undesirable 
side effe~ts such as cardiac a=hythmias, angina, or depression must be 
=nitore&. There is no surgical treatment. 

Recommendation 

With appropriate therapy, no impairment of function remains and 
qualification should be awarded. Semiancual reexamination should be re
quired, including an evaluation of the patient's cardiovascular status. 

INFECTIONS OF THE NERVOUS SYSTEM 

MENINGITIS 

Meningitis may result from infection by viruses, bacteria, fv~gi, and 
protozna. Acute viral meningitis, for example, due to mumps or lY111phocytic 
choriomeningitis, tends to be an acute self-limiting illness which almost 
invariably results in complete recovery without sequelae or neurologic 
impairment. 

Acute bacterial meningitis may be due to a host of organisms, the 
most common of which in the adult are the pneumococcus and the mening
ococcus. These conditions, when treated early and adequately, respond to 
antibiotic treatment and only rarely result in permanent neurologic dysfunc
tion or deficit. In rare instances, and as a result of extension of the 
meningitis into the brain parenchyma, focal neurologic signs may result, such 
as hemiparesis, spasticity, and occasionally postmeningitic epilepsy. 

Tuberculous meningitis is a subacute or chronic illness which has a ten
dency to involve the structures at the base of the brain, in particular the 
optic chiasm and cranial nerves, and may lead to obstruction of the outflow 
of the CSF of the fourth ventricle and resultant hydrocephalus. If diagnosed 
early, the disease responds to appropriate antibiotic therapy. It may lead, 
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·.:.cwever, to severe neurologic sequelae depending upon which structures have 
;,een affected. 

Mycotic or fu..~gal meningitides, especially cryptococcosis and 
coccidioiclomyocis, may be indolent, chronic, and difficult to diagnose, 
producing nonspecific symptoms like chronic headache, mental changes, and 
seizures, or focal neurologic signs. Cryptccoccous neoform.a.i.,s may invade 
the brain Stlbstance and produce localized destructive lesions. Early and 
appropriate treatment with amphotericin Bis often successful, although 
it is difficult to know if complete cures are ever achieved. 

Sarccidosis may cause signs and symptoms a..~d CSF findings which are 
indistingaishable f~om the chronic, fungal meningitides. It is extre~ely 
difficult to diagnose but may respond to corcicosteroid treatment. 

Protozoan organisms produce meningitis in only rare instances and are 
extremely rare in the United States. 

In all of these conditions~ tCe neurologic deficit and dysfunction re
sulting from them are almost invariably apparent a short period after the 
acute illness. The only exceptions are the ~y~ctic and sarcoid meningitides, 
in which sudden 0nset of neurologic dysfunction would be extraordinarily 
unusual. 

Careful follow-up every six months for a period of two years is recommended 
after the diagnosis of meningitis. An abnormal CSF iu cases of myco,ic or 
sarcoid meningitis, in the absence of neurologic signs and symptoms, should 
not be cause for disqualification. 

BRAIN ABSCESS 

A brain abscess results from P localized infection of the brain paren
chyma by bacterial organisms extending either from a middle ear and mastoid 
infection or from the paranasal sinuses. Abscesses may also result from 
meningitis by way of cerebral thrombophlebitis and cerebritis. Finally, 
abscesses may result from hematogenous spread from a lung infection ~r from 
a~ infection of the face. 

Abscesses usually manifest the~selves either as part and parcel of an 
infection of the nervous system, such an meningitis, or as a mass clinically 
indistinguishable from a brain tumor. Brain abscesses may necessitate 
su~ical drainage in addition to antibiotic treatment. 

The sequelae of a brain abscess are determined by size, location, and 
efficacy of the abscess treatment. Convulsions ~ay result from such a lesion. 
The same considerations apply to brain abscess as with meningitis (see above), 
The CT scan has become the procedure of choice for the diagnosis and follow-up 
examination of brain abscess. 

It is recommended semiannual examinations be carried out for two years 
af:er a brain abscess ha& been eliminated by means of medical (antibiotic) 
and/or surgical therapy. Qualification after six months depends upon perfor
mance capability. Since many patients will be receiving anticonvulsant therapy, 
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criteria applicable to such individuals will also have to apply (see Head 
Injury statement). 

ACUTE ENCEPHALITIDES 

By definition, encephalitides result from invasion by a virus and 
involve the cerebral parenchyma. Encephalitides are acute illnesses which, 
if not fatal, or responsive to treatment, as with herpes simplex and ARA-A, 
are essentially self-limiting. There are some forms of subacute or chronic 
encephalitides which are extremely rare in adulthood. 

Complete recovery is frequent, but mental changes, often rather subtle 
and expressed as changes in personality, may result from encephalitides. 
Postencephalitic Parkinsonism does occur but is rare and usually occurs with 
a delay of months or years, although in some rare instances Parkinsonism has 
been reported immediately following encephalitis. Convulsions may occur 
du:ring the acute :illness and also as a sequelae. These respond to anticonvulsant 
medication in the S21!1.e way as do other convulsions. 

It is recommended Se?lli:snnual examinations for a period of two years be 
carried out following the resolution of the acute illness. Qualification 
after 6 months depends on performance capability. Special attention should 
be paid to psychiatric/psychologic evaluation, as well as to the status of 
postencephalitic epilepsy and anticonvulsant regimen. 

NEUROSYPHILIS 

Neurosyphilis is a aisease which may assume a number of different forms 
as it sffects the nervous system, especially congenical neurosyphilis, late 
latent lues, primary optic atrophy, general paresis, tabes dorsalis, meningo
vascular syphilis, syphil•tic meningitis, and gumma of the nervous system. 
Only certain of these types need to be considered. 

General Paresis 

This is an insidious disease which occurs anywhere between 15 and 20 
years after the pr:!Jnary infection. In its early stages, it is manifested by 
mental symptoms, including changes in mood and personality which proceed to 
severe dementia and psychosis. Progressive impairment of neurologi~ function 
also occ~rs, in particular, spasticity and paralysis. Seizures m~y occur, out 
there are usually no other paroxysmal or sudden manifestations. 

Tabes Dorsalis 

This form of neurcsyphilis occurs either in a pure state or in combina
tion with paresis (taboparesis). Clinically, it is manifested by at'.IXia 
because of impair.aent of position sense and affects mostly the lowPr extre
mities. Generally, the patient's gait is affected, and there are few other 
neurologic symptoms. Of greater relevance is the occurrence of Shdden 
paroxysms of pain, usually in the lower extremities but occasionally involving 
other parts of the body as well. If the lmoer chest and abdomen are involved, 

. . . ~-·~·-· -.: ,...,.,_ "'"'_. . .... , .. :,.,,. , .-. -.,,.. .. ~::;;;; 



82 

they are called "gastric crises.n The lightning pains of tabes are extremely 
painful and may be quite disabling. They occur quite suddenly without warning, 
may occur in series, and are quite disruptive to the individual's performance. 

Meningosvascular Syphilis 

This form of syphilis oc=urs roughly five years after the primary in
fection. Because it involves the cerebral arteries, its manifestations are 
quite variable. Acute symptoms resulting from involvement of cerebral 
arteries are indistinguishable from other forms of vascular disease and may 
result in the acute, sudden appearance of signs and symptoms. 

Diagnosis 

This is based upon a positive serologic test for syphilis (STS) in the 
CSF. A negative blood ,:est does not rule out neurosyphilis; examination of 
the CSF for STS, cells, protein, and IgG is required in an individual sus
pected of having neurosyphilis. The presence of a positive blood STS is an 
indication for examination of the CSF to detect asymptomatic forms of 
neurosyphilis. 

In the case of tabes, the CSF-STS may be negative, and to make th• diag
nosis may require the performance of Fluorescent Treponema Antibody (?TA) 
test, which should be positive. 

All forms of neurosyphilis respond to appropriate and adequate treatment 
with penicillin, or other antibiocic in case of penicillin allergy. Tabetic 
lightning pains and gastric cri~es in most instances ca., be abolished by 
treatment with phenytoin and/or carbamazapine. 

Recommendations 

1. The diagnosis of general paresis or of taboparesis is an ~bsolute 
contrai~dication to the issuing of a pilot's license. 

2. In the patient With "pure 0 tabes dorsalis, t.he degree of neurologic 
incapacity must be determined by examination~ If the patient's 
capacity is judged to be compatible with pilot performance, the 
only considerations should be that lightning pai~s and/or gastric 
crises, if present, have been controlled by appropriate medication 
during the preceding six months, and there are assurences such 
medication will be continued. 

3. In the case of meningovascular lues, reexamination following ade
quate and appropriate treatment with penicillin or antibiotics should 
be required. It should be emphasized, however, that even as a re
sult of such treatment the CSF-SIS may continue to be positive in 
spite of the patient's being asymptomatic. 

4. In all patients with the diagnosis of CNS syphilis demonstrated by 
positive CSF-SIS, or FTA in the case of tabes, appropriate psycho
logic evaluation should be mandatory. 
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l>EMYELINATING CONDITIONS 

MULTIPLE SCLEROSIS 

Multiple sclerosis (MS) is a disease with involvement of th<o myelin 
sheath, the fatty envelope of nerve fibers within the central nervous system. 
The_etiology and exact pathogenesis remain unknown. The disea~e has its 
onset in young adulthood during the third and four.:h decades ,,nd is slightly 
more common in women in the United States. 

The pathologic manifestations of MS cousist of sharply defined areas of 
myelinoclasia calletJ "plaques, 11 which occur in the white matter of brain and 
spinal cord but may als~ be found to extend into the cortex and gray matter. 
The peripheral nervous system is not involved in this disease. The involve
:nent of the myelin may vary from simple swelling to comph,te destruction; 
while the axon is usually spared, in the more severe lesions it may be de
stroyed. When the myelin ~heath is completely destroyeG as a result of the 
inflaim:.atory (glial) re~ponse, the plaque becomes overgrown with glia and a 
scar is formed. While myelin which is only swollen may recover, there is 
scanty evidence :for remyelination if the mye:i:tn sheath is dt::stroyed. 

Althoi•.gh plaques of 1"-'> may and do occur anywhere in the central nervous 
system, there are certain areas which clinically seem more likely to be 
involved. These include the optic nerves and chi&sm; the brain stem, in 
particclar tre medial longitudinal fasciculus; the cerebellar white matteT: 
and the spinal cord, in particular the corticospinal tracts and the posterior 
columns. In addition, the perivantricular white matter is classically 
involved, altCough the clinical significance cf these lesions is not yet 
• ,nderstood. 

The disease has been characterized as being "C.issaninated in time 
and in space·1

9 the latter re!erring to the fact lesions are scattered 
throughout the CNS, ranging from pinpoint-siz~ to areas of demyelination 
se-.reral cell'cimeters in diameter; and the fom r referring ::o the fact that 
during the course of the disease, clinical exacerbations and remissio3s 
occur in approximately two-thirds to three-'·ourths of the patients. 

While in many instances the patient returns ~o normal neurologic sta~~s 
after an attack, the overall long term course of the disease in most patients 
is that of slowly increasing neurologic deficit. This zay takz place over 
two or three years, or during a period of 30 o~ 40 years. It should be 
emphasized that plaques of MS may exist without p~oduciug any clinical 
manifestations. It is also know-n plaques may cause dysfunction r,nly under 
certain circumstances: t'~us, a plaque may not interfere with the conduction of 
a nerve impulse throug~ a tract under normal conditions, but may reduce the 
cell's safety margin so that under certain conditions dysfunction will become 
apparent in a transient manner~ 
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It is usually accepted that ne~ signs and sympt011>s represent the for
llllltion of new plaques. Although the disease is characterized by exacerbations 
end remissions, there is little general agreen,ent regarding not only the 
nature of ezacerbations but also the criteria by which one judges them; 
thus, an episode of diplopia lasting for a few minutes may be just as signi
ficant as numbness of the am lasting for several days. There is also a 
tendency to ascribe new sympt011>s to the underlying illness, and patients 
with MS are just as apt to develop ordinary aches and paii1s and minor 
compla'i.nts as other individuals. An exacerbation may repr~sent a new plaque, 
an extension of an olu plaque, a physiologic change, for example, due to heat 
or to a psychophysiologic reaction due to stress, including physical trauma. 
Also, slow and insidious progrv .ion of neul"ologic dysfunction aay represent 
effects of glial scar formation and not extension of the disease itself. 

We are primarily concerned with neurologic dysfunction, that is, symp
t011>S, rather than objective signs or neurologic examination. Tnese may be 
divided into two major cateaories in their mode of onset: sudde.i; and insi
dious and/or progressive. Sympt011>s may also be described in general groups 
related to the particular area of the brain which is involved. 

The symptam grovps will be discussed individually, and their classifica
tion in terms of aode of onset will be included: 

1. Loss of visual acuity - This may be monocular, or rarely. bin-
ocular. The loss is very frequently quite sudden in onset. It not 
infrequently U anociated with a certain aount of pain in the 
affected eye, usually with aovment of the eye. In scae instances, 
when the loss of visual acuity is aio1m•J, the patient aay ccaplain 
of blurring of vision, which then needs to be differentiated frca a 
mild degree of diplopia. This can be established easily by having 
the patient close either eye and determine if the blurriD& diappears. 
If indeed it does, then the problem is that of a •:1D1•a1 degree of 
diplopia. Visual field defects like hcaonymous h•ianopsia or 
bitemporal hemianopsia may occur but are quite rare. 

2. Loss of color vision - This represents a loss of visual acuity 
restricted to the fibers originating 1.!l the wacular area. When such 
loss of color vision occurs in one e,-e, it rarely if ever is symptoma
tic, unless specifically tested for or noted ceau•Jly as the result 
of closing one eye. It doea, hOWffer, occur in both eyes on rare 
occasions. Whilr; it is ■ost often tranaient, laating for seconds or 
ainutes, in scae individuals it way beccae per■anent and effectively 
render thew color blind. 

3. Diplopia - This is an atraely c- s,mptca in MS aad al.wost 
always repruents an internuclear ophtbalaopleaia resultin& frca a 
lesion of the lledial lcmgitudinal fuc1culua in the brain st•. 
The di.ploi;i& way c- Oil quite suddenly without any .ani.Da• While 
it u•u•J Jy affect• lateral pze, it -y also at tiaea illvolve 
upward 1ue or be present in the nmtral positiOll. This -,.,tea can 
be •traely fncepedtatin&, althoqh it can t-,orarily lie corrected 
by closing or occlud:fn& •• eye at the cost of depth perception. 
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4. Osd.llopsia - This :1s an extrtlllely rare manifestation of nystapns_ 
a caadition which is usneJJy not symptomatic of KS a1though it is 
quite frequent. Ollcillopaia - the visual jaage osc1lletes as a 
result of :b!baJam,,e between the aov-ts of the eyes, dae to nystnpus, 
This is a rare but quite incapacitatiDg condition. 

All these visual symptcas, with the possible exception of oscillopsia, 
allwst- ai-ys occur quite suddenly and -y last fr- a matter of a few seconds 
to days or weeks. 

Syaptcas of Cerebellar Dysfunction 

1. Al:u:ia of gait - This 1s a result of :inability to coordiuate 
properly the nuscles of locmot:!.n. Altbggb this aay cccur 
euddenly, it is aore c-1.y an insidious and progressive ~t•. 

2. lncoordination of bands ad/er feet - The soe aechan1• is respon
sible; this al.so occurs inaidiously aud results 1%1 inability to 
perform fine skilled --t•, 0'7ersbcoting, aisjudgillg the aotion 
nee~ to perfora certain tasks, or reaching objects such -
control knobs. Intention traor aay develop, SC>St often along with 
illcoordination of the hands. At tmes, this tre.>r bee- quite 
severe. illvolvmg the entire body including the head and leadiug to 
total incap~itation. IncoordiDation of the auscles of speech causes 
~ysarthria, which results 1%1 thick, -tonous, even unintelligible 
3J)eeeh, posing sertous c 1nicetion probla,s. 

lleaknes1il or Paralysis 

This aay affect one or -re lmbs and aay occur -uddenly, but again 1•. 
is -e c-1.y found as an insidi-s or piogzessive problem. The weakr..ess 
aay vary frcz w1111aaJ to severe and nay result ill variable degrees of 
1Dability to perfcna necessary -tor functions. 

Spaaticity 

This is •l-st innriably an ,.,.ccapen1-,. of sme degree of paresis and 
results in -kine --n acre difficult and 1- well organized and 
~Y perfomed. Sputicity never occurs suddenly and is iDvariably illaiclious 
ad FoSteuiTe, resulting in sudden ad vnesprted spam of limls, especially 
of the~ a:t:~ies. and gross am totall.y fncapacfcuillg interference 
with function. 

5-ory Dis~.:blmc-s 

n.se are quite c m, are f~ly of sadden ouet, and _,, affect 
.:y or all pan. of tile body. n.,- a■ Uy ~ of p,-ullse•i• which if 
af~ec:ti,. Che bads aay mterfere 1':i!:h sk:UJ'III aa, ni:s. The wuec:Je joiut 
,-1.!:iao - is fzw.p,e Cly illftll'Nlll, azH--c 'llcilled _,., ta LVeD aore 
cliffimlt. partic111arly wb8ll die -amt is perfozaed withaat dinct visaal 
obaatta£.1oll. PaD ie a ~y rare aaifestatioo:t, acept for a higher 
ft911m ey of tdgwe!M&J 1WJAJ;1a- The attacb of z Hen. a:traely H'1■re, 
Jancfmtfna paill :bl t!!e face can be ~Y MMhl:fna UD!eu aclaqaately 
u.cwt dthe:" ■ S:cinaUy or au:gic&lly. 
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Vert:igo 

Such attacks, often uaociated with na1111ea and varnti!lg, -y occur but 
are relatively rare. 

Ccmvulaions 

Grand aa1 and occaaionally other types of seizures occur with a fre
quency 'bel.1-ed by -t -thors to bi- -ewbat higher than can be expected 
in the general population. 

Bladder Probl-

Tbae are atrael.y freqgent in MS 'but invariabl) are related to the 
prHenc\' of - degree of spaticity of the lower ext, :.mities. Bladder 
ll)'llpt- -t frequently consist of frequency, urgency, and incontinence, 
'but at tiaes they inc]nd,e tifficulty starting the urinary str-. Sudlar 
probl- aay involve the bowel but are considerably rarer. These blaclder 
difficulties, particularly the urgency and incontinence, -Y prove to be 
quite disabling if not -trolled. 

Mental Syaptcas 

These -y be extraely difficult to detect clinically, since they may 
be qu:ite subtle. On rare occasions, they ,aay be paroxysmal in nature, 
although aJch aore frequently they consist of alterati0D$ of aood ranging 
frca euphoria to depreaaicn. Cognitive iapai:rsent is conaiclerally aore ccmmeon 
than suspected, the degree beiDa roughly correlated with durstion of the di
sease. Difficulties in judpen .. are related to alterations of aood as well 
as to cognitive illpaiDeDt. These -tal syspt-. particularly in their 
r.ubtl.e fora, aay precede other aanifestations of the disease. 

!Nni-J C:riteria for Diagnosis 

MS aay be either atrmely easy or extraely difficult to diagnose, 
and in ea-lier stage.. it -Y be interpreted as_. kind of psychosmatic 
or comreraion reactiall. Unfort".mately, no specific and relial,le diagnostic 
l.aboratory teat Gists for the diaeaze the d•agn-i", therefore, is based 
prfaarily upon cl.mica! conaiderationa, and cues are usua.lly dividecl into 
ponible, pzallable, and def!nite. The generally accepted l/1agno.tic cri
ten.a are those pr~ed by Sehueecher et aill and™ er, follows: 

l.. There auat be objective ahnoml.itiea on neirologi~ a:n1na~ ion 
attrilllltable to 3yaflmction of tbe central nervous systa 

2. Oil nearologic nwination or by history• there auat be evidence of 
involv-t of two or IICJre separate parts of the CNS 

3. The objeetive nearologic ericlmce of CMS d1sease -t reflect p~e
cleiN!Dtly wbite aetter invGl.=011 • • ie, fiber tract daage 

4. The :inTol:v ent of the wad.ao - have occurred tmporally in 
oee or the ocher of the follClldDg patterns: 

" . . ' - . . .,,,,.._:..._._~..,,.,<-~-~--, 
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a) in two or more episodes of worsening, separat~d by a period of 
one amth or more, each episode lasting at least 24 hours 

b) slow or stepwise prograasion of signs and symptOIIS over a period 
of at least six aouths 

5. The patient's signs and ayaptoas cannot be explained better by some 
other diseaae process. a decision which must be made by a physician 
competent in clinical neurology 

6. Onset between 

Recently, Rose et 
which are as follows: 

10 to 50 years of age 

10 al proposed a slight aodification of these criteria 

A. Clinically definite MS - four of the following five criteria aw;~ 

be present; note choice of no. l or no. 2 -

1. relapsing and remitting course, vi.th at least two bouts sep
arated by no less t!um one aooth ~ 

2. slow or stepwise progreuive course extending over a least 
six -tbs 

3. documented neurologic signs attributable to pathology of more than 
one site of pncL-immtty CNS white matter 

4. usual onset of syaptoms between ages of 10 to 50 

5. no better oeurologic explanation 

B. Probable NS -

1. history of rel.apaiJlg and rem.tting IJYlll)tcma, but wi.thout doc-
1aentation of signs; patient pr-ta v1.th only one -urologic 
sign c• nly -dated vith MS or 

2. docaleoted single bout of ayapt,_ vitb signs of -ltifocal white 
-tter disease and good recovery, followed by variable syapt01112 and 
signs 

3. no better neurologic explanation 

C. Poaai.ble MS -

1. history of relapai?lg and remitting ~tors without docaentation 
of sign& or 

2. objective neurologic signs insufficient to utabliah 1110re than one 
site of CNS pathology 

3. no better -urologic explanation 
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Essentially, the clinical diagnosis is based upon the ability to dem
onstrate neurologic dysfunction both by history and by neurologic examina
tion wM.ch indicates the involvement of 110re than one area of the CNS. When 
it is possible to de1D0U&trate the p~esumed presence of multiple lesions, one 
highly suspects the diagnosis, especially if there have been sigificant re
llissions of so.e symptom.;. On tbe other hand, the first attack of the disease, 
particularly if IDODOSymptomatic, poses a difficult diagnostic problem. 

A number of procedures and laboratory tests may be of value in either 
producing evidence of the existence of clinically unsuspected lesions and 
confirming the existence of an asymptomatic lesion, vr providing laboratory 
evidence of the presence of the dioease. 

l'he use of isochromatic color plates (Ishihara or American Optical 
Company) may reveal the presence of unsuspected monocular color blindness as 
evidence of a previous or current mild degree of optic or retrobulbar neuri
tis. 

The Bot
0
Bath Test - Placing the individual into a bath at the tempera-

ture of 104 F. for 15 minutes may produce clinical 1118Jlifestations which either 
have been present previous!; and reported historically, or have been previously 
undeamstrable. Occasionally, new symptoms are also manifested. The Bot 
Bath Test is a completely hanuess procedure, because the patient returns to 
previous neurologic status upon cooling. The test nay have great prognostic 
value in that it indicates syaptoms will occur when the patient is subjected 
to heat. 

Evoked response studies - These are of three types, visual, auditory, and 
somatosensory. The 110st widely used ones are the visual evoked responses 
utilizing either a flash or a pattem reversal stimulus. The visua:i. evoked 
responses are particularly useful in detecting either an unsuspected lesion 
in the optic pathway or in confirming its presence according to :U.story or 
examination. These aay have prognQStic value in indicating the possibility 
of recurrences of vuual symptoms under certain stressful circums,ances. 
Brain stem auditory evoked respocses, as well as the Kimura blink reflex, may 
reveal the existence of an unsuspected plaque in the brain stem. Somatosensory 
evoked respcmses are still not calibrated well enough to achieve clinical 
status but may be useful in certain circumstances. 

The radio:iuclide brain scan may reveal cerebral lesions, but these must 
be at least ll; ca in di-ter to be shown. The yield of this t:est in MS 
is extremely low. 

The CT scan - either may reveal the actual pleques of MS in the brain, or 
acaewbat -re frequently aay ~trate typical periventricular plaqJes. 
Other findings like ventricular enlargement and cortical atrophy are not 
specific enough in MS to be of diagnostic value. At this time, the very lov 
yield and the ffllPl'll8" of the CT scan do not warrant its inclusion in the 
d1118N"'~.ic workup for MS. 
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Special psychological tests - may reveal the preseace of clinically wi
suspected cognitive i11pairaeut in a pattem which 1111y be fairly typical for 
MS, even in the absence of neurologic deficit of any other kind. 

ExMdnation of the spinal fluid - The CSF 1-moglobulin (IgG) is elevated 
in a proportion of cases. This is not a specific test for the disease, because 
IgG is-elevated in a nlml>er of other conditions of the nervous system. Never
theless, it provides - confi~tory evidence when the disease is suspected 
clinically. In acae research laboratories, the demonstration of oligoclonal 
IgG is aaid to have a -itivity over 90% in patients with MS, but these 
oligoclonal bands are found in other diseases of the nervous system as well. 
By judicious cOllbiMtion of the procedures, it may be possible to change first 
attack, -oayaptcaatic MS patients from the "possible" to the "probable," or 
even to the "definite" category. 

Relevant Diagnostic Procedures Aiding Assessment of Prognosis 

The following si11ple, noninvuive procedures should be ca~ried out: 

1) Monocular color vision tuting 
2) Hot bath test 
3) VisWll and brain stem au.:iitory evoked responses. 

Also, CSF examination and psychological tests are highly desirable. None 
of these r~uirea hospitalization, but the Hot Bath Test should be carried out 
wider observation by a physician or specially trained nurse. 

Prognosis Relative to Sudden or insidious Incapacitation 

The course of MS is extremely unpredictable. As a very rough rule, the 
pattern of the disease is usually set during the first three years of the ill
ness. A patient with frequent exacerbations and remissions will continue with 
this kind of pattern, while the patient with a single epiaode followed by a 
long remission, or the one wi~h a progressive disease, will follow similar re
spective patterns. These patterns, however, are not invariable. Of importance 
is the fact there are syaptOIIIS which have a tendency to recur, 1110st probably 
as a result of either physiological changes or paychological stresses, including 
physical traima. 

Medical Treat111ent 

There is no generally acce~~ed fora of medical treatment for MS. 
Adrenocortical stP.roids a:ttd/or ACTH have been used extensively, but their 
efficacy P_.1ns uncletemined, and it is not established if the improvement 
and disappearance of syapt- coincidental with their adainistration re
pruent a specific or a placebo effect. It is the feeling of nany neuro
logists, however, regardless of the a>de of action, steroids are beneficial 
in a proportion of patients, particularly in shortening the acute attack. 

Adherence to general rules of aaintaining good health, such as avoid
ing umhe fatigue and eztr- of heat and cold, having an adequate. regu
lar di.et, etc. -y be beneficial. Avoiding beat, including bot baths and 



and showers and upo1nu·e to sunlight, is unquestionably important to those in
dividuals in w~ such factors can be shown to play a role in the genesis of 
syaptOIIS. 

<4tttd"' fe'mS ef ~-t~<:. u:-e,a.t'lllt.'t'.t aTe a.,e.U.abb ~ - ~f = 'l<':l'I< 91Ltcb. 
for persistent diplopia, but at the coat in l9C>st individU3ls of depth percep
tion; antivertigincw,s drugs; antidepressants; drugs for the relief of spasticity, 
particularly the n<Nly avlllilable, baclofen; and use of carbamazeapine for the 
control of SOllle pa~oxysaal -ifestations of the disease, like spa51'1S, trigeminal 
pain, and unpleasant persistent paresthesias. 

Control of bladder problem by aeans of mechanical dev!ces like Foley 
and Texas catheters -y be sufficient. In aore caaplex urinary problems re
sul.ting irDlll persisti"ll! bl.adder iniect:icms. suprapu'bic cystotcey, trt t'ne nc... 
more ropular ileal conduits aay be necessary. Medicinal treatment with 
bethanechol chloride for urinary retention, or propantheline bromide for fre
quency and urgency, can proVide excellent control of bladder probleas. Bladder 
training as a result of judicious utilizat:ion of these drugs and/or mechanical 
devices may also provide sol~tions. Prevention of bladder infections is of 
par21110unt importance. 

Surgical Treatment 

SOlllil! good results have been achieved for the severe cerebellar dysfunc
tions, and in particular the treaors, by stereotactic thalamotomies. Obdura
tor ~erve injection or resection has provided relief of the scissoring of se
vere spasticity. Urologic surgery for bladder problems bas been -ntioned 
but should also include transurethral ptostatectomies or surgery f~r transverse 
bars obstructing the urethra. 

It should be e9phasized that none of the medical or surgical treatments 
mentioned affect prognosis. 

llec~dations 

l. Individuals cliagnosed at the tUle of FAJ,. exawin•tion as having MS 
with deaonstrable impairment of neurologic function aust be rated on 
the basis of specific dysfunction as it affects pilot performance • 
.lledica, exaw1nation should be eandatory every six IIOftths 

2. Individuals with MS and any of the following who are asymptODatic 
should be denied a pilot's license 

a. If there J.s a hi.story of sudtlea visual problem 1U1 described 
abon during the previous six acnths 

b. If there is a likelihood in the course of their performance 
that thEY will bi! exposed to conditions of temperature which have 
been. fa.md., eitbe.r 1,, b.i.sto~ or actual. Rot li.cb. Test, to 9rodu<:e 
syapt.-. which could interfere vith their performance as a pilot 
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c. If there is a history during the previ.ous 6 IIIOUt.hs of sudden al
teration of nemJation affecting banes and anis 

d. If there is a hilitory during the past 6 1110Uths of paroxyS1112l 
symptoms. or vertigo or convulsions, which have not been adequately 
controlled by appropriate medication 

e. If there is a history during the past 6 months that an emotionally 
stressful situation brought on an exacerbation of the disease 

f. If there is a histo~-y dur::.ng the past 6 months of alteratior.s of 
aood; this would require the administration of specific psychological 
tests to <d!termine the presence of extent of impairment of judgaent 
8IJld/or cognitive function 

Rec0111111e11dations regarding epilepsy and vertigo should be followed (see 
statement of Panel 6 on Seizure Disorders and that of Panel 8 on Dizziness). 

3. Jt~exandnation and revaluation is mandatory upon appearance of new 
syaptOIIIS or recurrence of old ones 

POST· OR PABAINF£CTIOUS DEMYllINATING CONDITIONS 

Acute Optic Neuritis 

Acute optic or retrobulbar neuritis is generally consi6ered to be either 
a UDifestation of MS or the result of a post·- or parainfectious inflammatory 
myelinopathy. 

Various follow-up studies have demonstrated tGUghly 25% of patients with 
an initial attack of optic or retrobulbar neuritis will develop other signs 
and symptoms of MS. There are no laboratoey tests available currently which 
help identify those indivi.duals in whom this is a mauifestation of MS. It 
should be stressed, however, that with tests such as the hot bath, visual 
evoked responses, and color vision testing of !:he unaffected eye, auditory and 
BOlllatosensory evoked responses may be useful in demonstrating other unsuspected 
lesions of MS. Folla,-up after at least two years or longer may reveal the 
true nature of the diseases. 

With rare exceptiOilS, post- and parainfectious optic and retrobulbar 
neuritis are acute single eYent illnesses which -y end in complete recovery: 
the aequelae depend upon the seve~i~y of danage and the specific area of 
the CNS involved. 

Other Manifestations of Post- Parainfectious lnflaaatory Myelinopathy (ArutP 
Diaaeainated Encepheloay~litis, Acute Disseminated VasculDlllyelinopathy}-

'l'he -,at ca. m of these is transverse ayelitis. All the discussion 
above is applicable to this entity • .U-t any part of the nervous system 
may be affected u the ruult of viral infections, or ialnmizations and vac
cinations. Thf!se include the cerebellum; the brain stem. causing disturbance 
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of vestibular function; the oculoaotor system; ~ereb~al white matter, causing 
111ental symptoms; and the ~ranial nerves, spine! roots, and peripheral nerves 
in Landry-Cuillain-Barre syndrome and its vari:onts. 

DISTURBANCES OF HIGHER INTELLECTUAL FUNCTIONS 

APHASIAS 

Aphasia is defined as a disturbimce in previously acquired language 
ability, s~condary to a lesion in the central nervous syste11>. Clearly, the 
term "aph,sia;' IIIUSt not be applied to a retarded individual who never was 
able to use language, and it also should be clear "language·· does not refer 
only to speech. Aphasia is not due to impairment of speech muscles, nor 
of nerves innervating those muscles, but results from lesions in those parts 
of the brain subservi'lg language and represents the loss of a specific ac
quired intellectual function. 

In 99% of right-handed individuals and more than half of the left
handed, the language center is in the left cerebral hemisphere, particularly 
in that part which surrounds the sylvian fissure-the inferior frontal 
gyrus. Other portions such as the occipital lobe and the corpus callosum 
are also important. In some individuals language function is located in 
both cerebral hemispheres. 

In order to elicit language disability, the individual must be tested 
for comprehension, repetition, reading, output, writing, and naming. COlll
bining the initial letters of these functions, one has the convenient 11nemonic, 
"C-R-R-0-t.-N." Actually testing is complex and requires special training, 
but as a minimal criteria a disturbance of any one of the CRROWN functions 
allows the diagnosis of aphasia. 

The Boston School led by Geschwind and Benson has identified a grouping 
of aphasic syndromes which is useful clinically.3 These include Broca's (non
fluent), Wernicke's (fluent), and conduction aphasia due to lesions in frontal, 
temporal and subcortical frontotemporal white matter bundle, respectively. 
These three syndromes are associated with an inability to repeat, and, in 
addition, Broca's 3J)hasia is characterized by decreased speech and writing 
fluency but preserve caaprebension; Wemicke's is characterized by a hyper
fluency and disturbed c0111prehension; in conduction aphasia there is relatively 
preserved fluency and comprehension but disproportionately defective repetition. 
Other aphasic syndrOl!leS include isolation of speech area, transcortical aphasia. 
and agraphia with or without alexia. 

Other disorders due to discrete brain lesions affect higher cortical 
functions. These disturbances are not attributable to dementia. Clini-
ciads trained in aasesaaent of language disturbanCEs, the aphasias, are also 
skilled in detecting the behavioral changes due to other discrete brain 
lesions affecting learned, skilled actor tasks, the apraxias, and the recog
nition of -aning of objects perceived through the visual, auditory, or tactile 
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stimuli, the agnosias. Skills such as spatial orientation, recognition of 
iaterality, identification of body parts, calculation, and ma;, reading a'e 
the examples of higher cortical fur.ctions which can be disturbed by discrete 
brain lesicms. 

Apraxia may be defined as loss of a }earned motor skill. The complex 
coordinated movements of hands and feet naeded to fly an aircraft rep,esent 
practiail. functions, and their loss may therefore be an aprarla. Of co1.rse, 
an individual who never ;;assessed flying skill cannot develop an aprald.a 
for flying. HilWever, one who does develop an apraxia for this skill can still 
perform all of the individual motor movements whieh that skill ent?.ils. 
Thus, an aprarla differs from a paresis or plegia. With apraxia, the sequ
ence of brain connections needed to perform the learned skill is impaired, 
while the motor components of that skill~ act are preserved. 

An individual with aprzxia may have trouble dressing himself (dressing 
apraxia), or he may be unable to walk SIIIOOthly (gait apraxia), while re
taining the ability to move the arms and legs individually without difficulty. 
Other individuals lose the ability to p,:otrude the tongue on command or even 
to suck chrough a straw until food is obtained. 

Apraxia of a lim, may be shown by an individual's difficulty in per
forming beckoning 1110vements or pounding a nail. When askeJ to perform such 
1""vements with a nonparetic hand, the individual with apraxia shows gross, 
pr>.mitive stimulations of the skilled movements. Because motor strength 
and gross motor skills may be intact, the detection of apraxia may be ex
tremely difficult unless specific tests are made. 

Apraxia constitutes an absolute contraindication to flying an aircraft. 

PARIETAL LOBE DYSFUNCTION 

A series of higher cortical functions believed to be organized in the 
parietal lobeE may be described. Acute or invasive lesions of one or both 
parietal lobes can disrupt these functions. These include the ability to 
locate oneself in space (spatial orientation). Symptoms of disturbed spatial 
orientation include a tendency to get lost even in familiar surroundings. 
Such individuals may be Wlable to find the l:athroom in their own home. They 
may have difficulty travelling from one place to another, even though they 
formerly traversed the same route many times. They c<mnot read a map. No 
such affected indi.vidual should, of course, fly. 

Right-left disorientation is another feature of the parietal lobe symp
tom complex. The afflicted person cannot tell right from left, or is unsure 
of laterality and easily confused. For example, crcss~ng one at'lll over the 
ether makes it exceedingly difficult for an individual with rigrtt-left dis
orientation to pick out one side as opposed to the other. 

Finger agnosia is a peculiar inability to recognize and identify a 
given finger, especially the middle and ring finger, less often the thtl!llb, 
little, or index finger, While some can identify these fingers on their 
own hand, they ~annot identify them on another's. 



Dyscalculia is an inability to perform mathematical functions such as 
division, lllUltiplication, subtraction, and addition. While mathematical 
ability is a knack for which proficiency varies widely among individuals, 
"dyscalculia" is different in that it is present in someone who once had 
mathematical ability and lest it. 

Inability to copy figures or to recognize figure-ground relationships 
may also occur with parietal lobe lesions. Such individuals may not be able 
to construct a simple figure in two planes, for example, using match sticks. 
They may be unable to detect omissions in an incOl!lplete drawing. They may 
grossly distort or leave inc0111plete components in one half of a picture. For 
instance, they may squeeze all of the nUDerals of a clock into the right half 
of the clockface. 

The parietal lobe defects described above are absolute contraindications 
to flying. 

ALEXIA WITH OR WITHOUT AGRAPHIA 

Reading and writing are complex learned skills and may be lost with 
discrete brain lesions. An individual vho knew how to read but lost it f3 
said to be alexic. Som,, individuals, usually males, are believed to have 
congenital impairment in the brain organization needed for acquiring a read
ing skill. They are a special case and are said to have 'congenital alexia. ·' 
Intellect is intact in these individuals and l!lathematical ability is usually 
preserved, but thPy have great difficulty in learning to read. In SO!lle, the 
ability to read may develop after adolescence, but rarely, if ever, do such 
individuals read for pleasure. They may, h~ver, function entirely adequately 
as fliers as long as they are not required to read new instructions. Inter
pretation of instruments, if demonstrated to be adequate, should be sufficient 
to permH flying. 

Alexia with agraphia is due to a lesion in the posterior part of the 
dominant hemisphere. Such a disability would preclude flying. 

Some individuals may be .mable to read. Yet, they retain the ability to 
write legibly. Often they cannot read what they thE!"JSelves have written. 
Such individuals have alexia without agraphia, a disconnection syndrome affect
ing cn-ssing fibers in the corpus callosum, according to Geschwind and colleagues. 
Such individua:s should not be pe?'llliu.ed to fly. The defect is usually per
manent but could be reassessed annually. 

AGNOSIAS 

Ability to see, hear or feel, coupled with failure to appreciate the mean
ing of the visual, auditory, or tactile perceived object, is called an agnosia. 
To understand the nature of the disorder, one lldght consider how a Chinese or 
Aral-ic Symbol appears to one not trained in reading these languages. While 
the viewer can trace and otherwise describe the symbol, to the viewer. it has 
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no meaning. If at one time th~ individual could read these symbols and then 
lost that ability, he would have a visual agnosia. Even less complex objects 
,aay be devoid of 11>,aning to one with vlsual agnosia, for eXal!lple, an apple 
may be seen as rcs>nd and red with ste;n and smooth skin, but the viewer still 
1ii8Y not know what it is. On the other hand, touching the object, a ta~t~le, 
stimulus, or hearing someone bite into it, an auditory stimulus, immediately 
may enable the individual to discover the nature of the object. 

A remarkable subcategory of visual agnosia is prosopegnosia, in uhich the 
individual cannot recognize familiar faces by sight. Yet, whe,i the individual 
speaks, an audito.-y stimulus, the individual is immediately identified correctly. 
In similar fashion the agnosia may involve other modalities; for example, hear
ing may not suffice to identify an object (auditory agnosia), or feeling it may 
not be adequate for identification (astereognosia). 

Diagnostic Procedures 

The advent of radionuclide scanning of the brain and CT scan permits 
rather precise con-elations betw~en various apha~ias and underlyi~g brain 
damage. 

Prognosis 

The prognosis depends on the cause of the underlying defect. It should 
be mentioned that strokes~ trauma, tumor 9 and infections a:: included among 
the causes of b.ain damage that produce aphasia, agnosia, and apraria. 

Medical Therapy 

Speech therapy is probably of some benefit in restoring certain degrees 
of language in aphasic patients. However, the process is painfully slow, and 
marsy clini~ians believe that spont~neous recovery, if any, accounts for most 
of the improvelllent. In general, prognosis for full recovery is poor. 

Surgical Therapy 

'Whether na,er techniques such as extracranial-intracr.mial bypass, 
anastomosis of middle meningeal artery to middle cerebral branches, will be 
effective in restoring perfusion to ischemic language centers i~ the brain 
is dubious. There is no surgical therapeutic procedure otherwise available. 

Stress, Followup 

Aphasia worsens under conditions of stress. Clearly, communication 
difficulti~s preclude participation in higtly technical tasks such as flying. 

Semiannual ree><aminatioc by a ekilled neurologist or preferably, 
apbasiologist, is recommended, because practically all the eisturbances of 
higher intellectual. functions described above constitute absolute contra
indications for a pilot's license. 
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THE SPINOCEREBELLAR DEGE!>'ERATIONS 

These hereditary diseases ar: dominant or recessive. The dominant forms 
show comr,lete or nearly c0111plete pene~rance, are of insidious onset, and are 
cha?actetized by a gradual progression of symptoms related to balance, coor
dinati.on, and ,;,peech and eventually, swallowing and thinking fw,ctions. Some
tillles called olivcpontocerebellar atrophies (OPCA), they are characterized 
pathologically by cell loss in the cerebellum and brain stem. The dominant 
varieties are of adult onset, usually in the 20s •~r 30s, sometimes as late as 
the 40s. 

The recessive variety {Friedreich's) usually manifest in the early teen yesrs 
and in ob~'ious form rapidly progresses into severe ataxia. If, however, it 
is atypical, and present in a partial form or sl"""ly prbgressive it 111ay give 
gradual disability into the third decade. 

Other causes of cerebellar degeceration, such as alcohol, drug use, MS, 
1:1etabolic defects, and the remote effects of cancer should be considered and 
ruled out by appropriate testing. 

Relevant diagnostic procedures include co111plete history and neurologic 
examination, skull x-rays, CT scan, pneumoencephalography, and possible CSF 
study with special tests for mu!tiple sclerosis. Sudden incapacitation does 
not occur. Stress makes the ataxia temporari:y worse. There is no medical 
therapy for these disorders at the present ,ime. There is no surgical 
therapy which is useful, including the implantation of electrodes. 

If the diagnosis is established, flying may be cont~aindicated because 
of imbalance and incoordination. Since judgment defects and upper extremitv 
ata>da occur later tblm leg ataxia and imbalance, flying might be possible 
in the l!lilder and earlier varieties of these diseases. 

HUNTINGTON'S DISEASE (CHOREA, HD, OR RC) 

Evidence of a choreic movement disord~I in adult life ar.dlor early 
dementia, with a family history of Runtington's disease, is nearly diagnostic. 
HD is a d0"1i.nantly inherited degenerative disease with a high degree of pene
trance, in which the basal ganglia, particularly the caudate nucleus and 
the cerebral cortex, are affected with cellular loss and eventual atrophy, 
which produce a choreiform lllOVement disorder with progressive dementia. 

may 
but 

The two clinical elements 
precede by several years. 
is usually around age 30. 

of the disease 111ay occur together, or one 
The onset may be fr0111 childhood to old age 
Thf' course is one of slow, even progression. 

The use of the chorea-inducing drugs St\Ch as L-Dopa, or the long term 
use of major tranquilizers, should be considered as a cause of chorea. The 
several ca::ses of dea:mtia shculd be considered. If there is no family 
history, the diagnosis r,f HD -y be difficult. A diagnostic problem is 
that cf the patient with early or subtle dementia and a positive family 
history: Is this early evidence of the dementia of RD? Or is it anxiet:y 
and depression? 
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There ere no d1agnostic laboratory tests, but a thorough history, 
neurologic examination, and a CT scan or pneUIIIOnencephalogram showing selec
tive atrophy of the caudate nucleus may be helpful. Formal psychometric 
testing uy be helpful. 

SU<lden incapacitation does not take place but insidious mental incapa
citation may. The suicide rate is abnormally high, and that possibility 
should be considered in every padent with HD or BC. 

Medical therapy with the dopamine blockers, such as the pbenothiazines 
or the butyrophenoces, is useful in suppressing the movecents but neither 
stops the progression of the disease nor influences the meutal symptoms and 
nay even worsen the depression. Surgical therapy is not useful. Stress 
may make th~ aove..nt diaorder temporarily worse. 

In JDOst cases, the diagnosis is disqualifying for flying, but if the 
only aanifestation is llild chorea and there is no dementia, the decision 
could reuonal>ly be for qualification. If an at-risk person has mild mental 
symptoms and th<! diagnosis is not clearly established, it is felt the patient 
should be disqualified until diaanosis is established. If there are no 
signs or symptoms, but radiographic signs are present, flying may be allowed 
with a Y<!!arly review. 

NOR.>W. PRESSURE HYDROCEPIW.US (OCCULT HYDROCEPHALUS) 

"'.' is is a ciiSttase of insidious onset in adults, manifested by mental 
deterioration, progressive gait difficulty (gait apraxia), and urinary 
incontinence. It is caused by intermittent or partial blockage of tlle 
spinal fluid absorptive or flew mechanisms in the subarachnoid space around 
the cerebral .nd/or cerebellar hem.spheres, which produces ventricular en
largeaent without gyral -trophy er sulcal enlargement. T"ne diagnosis may 
be suspected in a aiddle qed or older person who bas the above triad "f 
syaptC1!1S which progress gradual)y over a period of months to a year. The 
disorder say follow traUl'la, infection, or subaracbnoid hemorrhage, or may 
occur without apparent cause. 

Al.though not always, there lllUSt be consideration of other causes. The 
differential diagnosis includes brain tumor, senile ,md presenile demenria, 
chronic meningitis, and subdural belllatoma. 

'the ct scan shoul.d be done to hel-p exclude ttmor, the dementia due to 
atrophic diaease, and th~ possibility of hydrocephalus due to ventricular 
blocka&e. CSF studies to demonstrate the effectiveness of the spinal 
fl~j absorption mecllanisas are useful, as are CSF radioisotope studies to 
de!IIODStrate the flow of CSF in and around the brain. Arteriography is 
scaet1- indicated in patients in whoa arteriosclerotic brain diseaSt' is 
con:idered, and pneumoencephalograpby say alS<> be useful. These studies, 
particularly the CT scan, also my be useful in follcwing the disease aher 
treatment. None, however, singly or in COlllbination are ab:solutely diagnostic. 



Tb:ia 1a a clivv• of insidious but fairly continuous progressive in
capacitation oiNtr -tbs to years. Medical therapy is not useful in pre
venting progression of the disease. 

Surgical therapy in the fora of cerebrospinal fluid shunting is proper 
but not al-ys beneficial, because of the pcssibility of post-surgical sei
zures and rapid blocitage of the shunt. 

Stress is unrelated to the probability of incapacitation. 

If this di.sease is present, it is absolutely disqualifying even though 
the shunt is functioning. 

CREOtZ.t'ELDT-JAKOB DISEASE 

This is a "slow virus" disease causing a progressive dementia and leading 
to death in a short i:,eriod of tillle, perhaps less than a year. Pathologically, 
the condition involves the cortex, basal ganglia, pyramids, cerebellum, and 
possibly anterior horn cells. A typical history of rapidly progressive de
mentia with the early onset of pyramidal, extrapyramidal, cerebellar, myoclonic, 
or anterior horn cell signs on neurologic examination, an episodic EEG ab
normality with aild to IIIOderate signs of brain atrophy by pneumoencephaloy- ·?hy 
or CT scan, and the absence of oth£r dise.3se are sufficient for presumpti\'c> 
diagnosis. 

The only critical test for absolute diagnosis is brain biopsy with 
appropriate microscopic and slow virus culture studies in certain capable 
laboratories. The biopsy should be carried out with the knowledge that this 
disease is deadly and ~,.ansmissible, and the agent is difficult to eliminate 
from the laboratory and equipment. 

CT scan, EEG, pneUlll()encepbalography, and arteriography are appropriate. 
The EEG will SOllletiaes show a IIIOderately diagnostic spike abnormality in:er
lllixed with periods of electrical silence. By the time the diagnosis is con
sidered, the patient lDOSt likely will be demented to a degree that formal 
psycbologic tests will not be necassary. 

Incapacitation with this disease .-111 be rather rapid but not sudden. 
There is no medical or surgical therapy. Stress is unrelated to incapacita
tion or prognosis. Once the diagnosis is established, further medical exa,:,.ina
tion is not necessary. Flying is absolutely contraindicated. 

PRESENILE AND SENILE DEMENTIA {ALZHEIMER'S DISEASE) 

This is a gradually progressive organic brain syndrome occurring in the 
absence of any of the known causes of dementia such as depression, drugs, 
-tabolic encephalopat:bies, arteriosclerotic ~tia, nonaal pressure hydro-
cepbalua, etc. It is characterized pathologically by cell loss largely in 
the =rebral cortex, and thus th.:inldng and aemory are involved first a.'"ld 
pr:t.aril.y and other portions of the nervous system and other functions 
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secondarily and later. The dementia is progressive over a period of years, 
•ith other changes on neurologic exntination coming after the dementia is 
est2~lisbed. The disease is usually not hereditary. Senile and presenile 
dementia differ only in the age of onset: before 65 years it is called 
"11resenile", and after, "senile" dementia. Pathologically and clinically, 
they are the saJDe disease. 

D!agnostic procedures include skull x-ray, EEG, CT scan, psychometric 
ex=!nations, CSF exam:!n~tion, and possibly, pnemonecepbalography and/or 
arteriography. All of these are negative except the CT scan and/or air studies, 
which should show cortical atrophy with widening of the cerebral sulci and 
ventricular enlargement, and the psychometric studies which will show organic 
changes. 

A slowly developing dementia with the typical CT scan findings, and an 
essentially normal neurologir examination with or without a family history, 
indicate a presumptive diagnosis of presenile or senile dementia. Since 
depression may mimic this disease in its earlier stages or be associated with 
it, psychiatric or psychologic consultation are often necessary and helpful. 

The incapacitation is gradual, but the realization of the incapacitation 
under stress, or the bre2kdown of memory or thinking processes in a critical 
situation, may be sudden. A sudden stressful situation requiring excellent 
decision making capabilities and/or memory 1aay produce thinking failure and 
disclose a latent progressive dementia. 

be 
is 

~.edical and surgical therapy are useless. 

If this diagnosis is considered but not established, the 
taken off flying status until the diagnosis is clarified. 
disqualifying for flying. 

METABOLIC OR ORGAN FAILURE DEMENTIA 

patient should 
This diagnosis 

Acute or chronic kidney, liver, lung, parathyroid or thyroid disease or 
failure can lead to reversible or irreversible delllentia. The minimal criteria 
for diagnosis are the documented presence of failure of an organ and a con
coatant organic brain syndrome. There are usually other neurologic symptoms 
and signs, which vary with the organ involved. Othe:- causes of chronic brain 
syndrome should be considered. These include all the causes of dementia with
out organ failure. 

Di.asnostic procedures related to the organ in question, and/or to rule 
out the possibility of unassociated brain disease, are indicated. The 
appropriate biochellical, scanning, ii:otope or arte-riographic tests of organ 
function or organ biopsy are indicate.t, in addition to the appropriate tests 
for cerebral function such as psycb.-et.-tcs. EEG, CT scan, artetiography, 
pneUDM>eneepruuography, and spinal flui-' exmnations. 
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These diseues usually giv~ gradual incapac1tation, except for anoxic 
encepbalop.&thy which is rapid and associated with unconsciousness. The 
dementia, however, aay become rapidly or suddenly apparent after a period 
of lllinimal. mental symptoms, especially in the case of kidney, liver, or 
lung disease. The reason for this rapid decompensation is not clear. 

There may be considerable recovery, the extent of which is unpredictable 
at first. Therefore, an appropriate period of time should elapse, which ll'ay 
be a year or -re, before a final determination of the degree of permanent 
deaentia is made. 

Surgical therapy is not appropriate for these diseases. The effects 
of stress are unrelated. 

If the diagnosis is being considered, or has been established, medical, 
neurologic, and psychologic examfoa~lons following the course of the under
lying disease and gauging recovery are appropriate at ye&rly intervals. If 
the di.aposis is suspected but not proven, consideration of suspension of 
flying status may be appropriate until the situation is clarified. 

ALCOHOLIC DEMENTIA (B-VITAMIN DEFICIENCY DEMENTIA: ICORSAKOFF'S SYNDROME) 

The diagnosis depends on a history of long-continued alcoholism accom
panied by nutritional deprivation; there should be appropriate neurologic 
and psychologic findings, possibly including signs and symptoms of the 
classic alcohol syndromes: Weroicl<e-!Corsakoff, Marchiafava-Bignami, cere
bellar degeneration, and peripheral nerve degeneration. Confabulation and 
severe recent memory loss are hallmarks of the !Corsakoff psychosis. It 
should be stressed these changes are often reversible with treatment of 
the underlying problem of alcoholism. 

Other causes should be ruled out with appropriate neurologic studies, 
like CT scan, EEG, skull x-rays, lumbar puncture, chemistries, and sero
logy. The specific type of alcoholic grain disease is best determined by 
the clinical neurologic and psychologic examination. Nerve conduction 
times, liver biopsies, and psychologic studies may be helpful. 

~citation, although often rapid, 
coae apparent following an alcoholic bout. 
gradual involveaent of aemory. 

is not truly sudden b•1t may be
It may also be insidious with 

Medical therapy in the form of abstinence fr011 alcohol and vitamin 
supplements is indicated i dfately after the diagn011is is established. 
The reversibility of acae of the symptoms 1112y be incomplete, and any pre
diction as to extent of recovery aay be impossible at the onset of treat
ment. Surgical therapy is inappropriate. 
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Stress is unrelated. 

At appropriate intervals, such as every 6 to 12 months, there should be 
reexamination to gauge improvement. The various alcoholic syndromes often 
blend together, and since dementia is c011DCn to uost, flying would be pro
hibited, unless the mental functions clear entirely. 

NONSPECIFIC DEMENTIA 

Progressive loss of intellectual capacity in the aged is common, and the 
cause is undetermined in more than half the cases. There is a prevalent mis
conception, even among physicians, that cerebral atherosclercais is a major 
cause. However, a wide variety of disorders may include dementia as one of 
their features. In each there is usually a slow loss of reasoning, memory, 
comprehension, and in some cases, verbal skills. 

8 
Karp analyzed the causes of de111entia in 84 of his patients: tumor, artero-

sclerosis,8 alcoholism,6 normal pressure hydrocephalus,5 Creutzfeldt-Jakob 
disease,3 HFtington's disyase,3 post-traumatic cerebral atrophy,! subarachnoid 
hemorrhage, encephalitis, and cerebral atrophy of unknown cause.48 

A simple office evaluation of mental functions, consisting of testing re
call of re=:ent events, ability to perform simple aentaJ. arithmetic, and measure
ment of abstract reasoning, quickly can disclose evidence of altered mental 
functions. More formal assessment of intellectual s!:atus can be achieved with 
standardized intelligence tests, such as the Wechsler Adult Intelligence Scale 
(WAIS). This and other psychometric tests may give clues to localized or 
potentially treatable causes of intellectual decline. 

Other studies should include a full medical assessment designed to dis
close metabolic, endocrine or electrolyte abnormalities, chronic 101,i'-grade 
fungal infections of the nervous system, meningeal carcinomatosis, and pri
mary and secondary neoplasms. Skull x-ray, EEG, isotope and CT scan are 
appropriate, and cerebral arteriography is often helpful. 

The prognosis of dementia of uruietermined cause cannot be predicted. 
Medical therapy is entirely determined by the cause. No ;aedication has been 
shown to improve mental functioning significantly in patients with non
specific degenerative disorders of the brain, lDUltiple cerebral infarctions, 
or senile dementia. 

Shunting of CSF froin cerebral ventricles to another absorptive site such 
as the peritoneum may correct dementia in patients with nonsal pressure hydro
cephalus. Excision of a tumor, of course, may cure the dementia in patients 
with neoplasm or other space-taking intracranial masses. 

Stress is poorly tolerated, even when dementia is mild. Irritability may 
be an early hallmark of dementia. As the dementia progresses, follovup be
comes unnecessary. ';ae suspicion of dementia contraindicates flying until 
the diagru,sis is clarified. 

.• .··. 
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COMK>II IIEUROMDSCULAR DISORDERS AND INJURIES TO THE 
PERIPHERAL AND CRANIAL NERVES AND SPINAL CORD - PANEL 5 

William F. Collins, Jr, .P!li (Chairman); Richard 0. Burns, Jr, MD; Thomas R. 
Johns, !ID; David G. Kline, MD; Paul W. Myers, MD; George R. Nugent, MD 

~able 1 lists the 111alfo:n11ations, injuries, tumors and other conditions 
which we consider in this chapter. 

CRANIOVERTEBRAL ABNOF.MALITIES 

Craniovertebral abnormalities include acquired and congenital abnormalities 
of the junction of the skull and cervical vertebral column and of the upper 
cervical spinal canal, which can cause dysfunction of the brain stem, cerebellum, 
and/or spinal cord. The term, "craniovertebral abnormalities," includes th"' 
following conditions: 

congenital or acquired absence of the odontoid, 
congenital or acquired non-fusion of the adontoid, 
basilar impression of the skull (platybasia), 
Arnold-Cbiari malformation, and 
fusion or closure defects of the upper cervical vertebrae. 

The above conditions are usually diagnosed during neurologic evaluation 
of complaints of neurologic dy~function of the spinal cord, cerebellum or 
brain stem, or on the basis of abnormalities found incidentally by x-ray 
examination of the skull and cervical spine. The major findings that are 
import&nt in evaluating a person with these conditions are historical evidence 
of previous or present transient or permanent incapacitation and of the dura
tion and severity of this incapacitation, and the ability to document stabilit7 
of the cervical spine, especially the Cl-C2 articulation and the Cl-cranial 
articulation. 

Congenital or acquired absence of the odontoid must be considered as 
possible cause of both sudden and insidious incapacitation, because sudden 
flexion or exteilSion force applied to the skull can cause temporary or per
manent loss of upper spinal cord function. The diagnosis of the condition 
is usually made by x-ray, particularly by x-rays in which flexion and exter.
sion of the skull on the cervical spine are studied. Operativ~ fusion of the 
sku11 to the first and second cervical vertebra, or of the first cervical 
vertebra to the second cervical vertebra, with subsequent demonstration of 
stability by x-ray utilizing flexion-extension and rotational views, can 
correct the condition of sudden or progressive loss of neural function. 
Examination and documentation of adequacy of the fusion should be done by 
x-ray eiumination 18 months after fusion is done. Also, examination should 
be done to determine the state of neurologic function. Although following 
such treatment neurologic functional stability is usually assured, neurologic 
examinations should be made yearly for three years to document this. 

Basilar impression or platybasia c,m be acquired or congenital. The 
acquired adult variety usually relates to diseases of the bones of the skull, 
particularly Paget's disease. Th-.. condition can cause progressive compr0111ise 
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Table l 

C~n Neuromuscular Disorders and Injuries to the Peripheral ana Cranial 
Nerves and Spinal Cord 

Craniovertebral Abnormalities 
Cervical Disc Syndrome 
Thoracic Disc Syndrome 
LUlllbar Disc Syndrome 
Spinal Stenosis, LU!llbar 
Cervical SpondylosiS 
Spondylolisthesis 
Peripheral Nerve Injuries 
Peripheral Nerve TUSDOrs 
Spinal Cord Tumors 
Syringomyelia 
Peripheral Neuropathies 
Diabetic Neuropathies 
1nflamaatory ?olyradiculoneuropathy 
Mononeuropathies 
Heavy Meta1 Intoxication 
Acute Intermittent Porphyria 
Diseases of Muscle 
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of the spinal cord or medulla and also can cause hydrocephalus by blocking 
the E!l<it of CSF from the f~urth ventricle. Adult onset of basilar im
pression caused by Paget's disease may be treated with calcitonin to reverse 
the bony progression of Paget's disease. This will not reverse compressive 
effects of the basilar impression which, if they are present, may require 
decOlllpression of the upper cervical and/or occipital portion of the skull. 
Also, .the patient may require shunting of the spinal fluid in order to 
control the neurologic dysfunction of hydrocephalus. The probability of 
sudden incapacitation in this condition is very low, but progressive neuro
logic dysfunction is htgh. This progression necessitates neurolog:ic exams 
every six months to be certain disabling neurologic loss is not occ~rring. 

In congenital platybasia, the onset of neurologic dysfunction i~ 
usually ~ast the fourth decade. Once it occurs, the chances cf reversing it 
are rather poor, but surgical :reatme2t can arrest the progression. This 
usually consists of removing the odontoid bone, or decompressing the spinal 
cord by enlarging the foramen magnum and the Cl vertebral ring. Following 
these procedures, evidence of neurologic improvement 1nd bony stability 
for a period of 18 months s!iould be required before" decision is made coa
cerning ability to fly. 

The Arnold-Chiari malformation is the herniation of the lower medulla 
and cerebellar tonsils i~to the cervical spinal canal. It is an almost con
stant finding in patients with meningomyelocele, but can occur as an isolated 
congenital anomaly or in conju.~ction with early onset of hydrocephalus or 
hydromyelia. It is diagnosed by special neuroradiogra?hic procedures of 
pneumoencephalography and/or myelography. At tit:les, it can be diagncsed with 
CI' scan. It is most conn:nonly asymptomatic, but it can be a cause of 
hydrocephalus, cerebellar dysfunction, or spinal cord dysfunction. In the 
patient with a meningomyelocele, it most co=only causes major impairment be
fore the end of the first decade. It generally does not cause sudden 
itcapacitation, but it may cause progressive neurologic dysfunction over a 
number of years. Surgical decompression of the cervical spine and foramen 
magnum can stop progression, but it rarely reverses neu~ologic dysfunct~cn. 
When hydrocephalus is present, surgical treatment with shunting is usuallv 
indicated to control th~ flow of cerebrospinal fluid. Persons with this 
diagnosis should have neurologic e.aminations every six months. because the 
incidence of progression, although usually slc~~ is very high. 

Fusion or closure abnormalities of the upper cervical spine are no~ 
common and most frequently are diagnos2d as incidental findings on x-ray of 
the skull or cervical spine. The major problems arising in patients with 
these conditions are the associated nervous system abnormalities which 
accompany most of them. These include hamartomas, epidermoiu or dermoid 
cysts of tae posterior fossa or upper cervical area, arachnoid cysts, 
abnormalities of cerebellar formation, and abnormalities of the fourth ~entricle 
and its outlets. The finding of a closure defect on cervical spine x-rays 
does not in itself indicate a serious prcblem, but ~nly that a careful 
neurologic evaluation should be done before a license is granted. 
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Probl<!IIIS that accompany vertebral body fusion (Klippel-Feil syndrome) 
are caused by decres~e in motion of the neck at the site of the fusion and 
stress which motion places on adjacent intervertebral spaces. This latter 
force may cause degeneration of the intervertebral ~isc vi.th spondylosis, 
radiculopathy and/or melopathy. 

-The treatment of the conditions above relates to associated neural 
abnormalities, and their evaluation with regaro to limitation of licensure 
requires no special -asures except as described under the specific condition. 

CERVICAL DISC SYNI»!OMES 

A ruptured cervical disc can cause pain in the neck, shoulder girdle, 
and upper limb, and in addition, compression of a cervical nerve root by a 
ruptured disc 111ay result in motot weakness, reflex loss, and a sensory loss 
in the affected limb. Compression of the spinal cord by a midline disc can 
cause a painless Brown-Sequard Syndrome, paraparesis, paraplegia, or quadriplegia. 
Since there are multiple causes fer neck pain, the clinical diagnosis of 
ruptured cervical disc depends on identifying radicular signs and symptoms. 
Radicular pain may be referred to che scapula and paraspinal region and 
typically radiates to ~he arm or forearm. The pain generally does not extend 
to the hand, but if it does, the most common symptOl!l is paresthesias affecting 
one or more fingers, depending en which root is involved. 

MINIMUM DIAGNOSTIC CRITERIA 

Signs and symptoms should be limited to a single cervical root, usually 
C6 or C7. In addition to pain and paresthesias, neurologic deficit limited 
to a single cervical root also should be present. The pain is increased by 
neck motion, stiffness of the neck is often present, and the brach~al plexus 
is tender to palpation. 

The most cOIIIIIIOn syndrome is a C7 radiculitis, which results from a 
herniation of the C6-7 disc. Paresthesias occur in the second, third, and/or 
fourth digits, accompanied by weakness of the triceps muscle and loss of 
the triceps reflex. The second most common syndrome is a C6 radiculitis and 
consists of paresthesias in the thumb .and at times in the index finger. 
associated witii biceps weakness and loss of the biceps refl..x. 

If multiple roots are affected, the diagnosis of cervical disc is 
unlikely, and other conditions such as acute brachia! neuritis, thoracic 
outlet syndrome, and tumor should be considered. Cord compression from a 
ce:cvi.cal. disc i.s rare, and though the diagnosis may be suspected clinically 
becallSe of myelopathy, myelography is necessary for confirmation. 

DIAGNOSTIC PROCEDURES 

Roentgenograms of the cervical spine should be obtained, but they may 
be normal or show only loss of the normal cervical curvature or evidence of 
ost-..'"thritis. Electromyelcgraphy, although not necessary to establish the 
diagnosis, may show abnormalities in the muscles s~plied by the affected 
-nerve -root. Myelog-raphy also "is -not m,cessa-ry to make the d"iagn<>s"is and 
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generally is uaed only to rule out another condition, such as a tumor, or 
as an aid to a planned operation. 

PROGNOSIS FOR SUDDEN OR SERIOUS DICAPACITAT!ON 

Because of the pain, pilots should not fly when experiencing acute 
radiculitis due to a ruptured cervical disc. Even in the absence of pain, 
spinal cord signs are cause for grounding, because of the possibility of 
developing weakness of the lower limbs. The examining physician should be 
aware that compression of a cervical nerve root may cause an important 
degree of weakness in the upper lillll> interfering Yith a pilot's ability to 
fly. 

THERAPY, RECOMMENDATIONS 

~.ost patients with cervical radiculitis due to ruptured disc improve 
with conservative measures, but some will require surgical therapy. When 
the examiner determines symptoms have been resolved, due either to medical 
or surgical the~apy, flight status may be resumed despite the fact that a 
certain percentage of individuals will develop recurrent symptoms at a future 
time. Residual neurologic defects in the upper limb, or residual myelopathy, 
may impair a ~ilot's ability, and if such a defect is present, flight testing 
is necessary to establish flight competence. 

If there is 1110tor weakness after the acute s~toms have resolved, 
reexamination t"dice at six-month intervals is appropriate to determine 
the stability of the neurologic deficit. 

THORACIC DISC SYNDROME 

These rare protrusions may cause radicular pain, Brown-Sequard Syndrome, 
paraparesis, or paraplegia. Final diagnosis rests on myelography, and 
treatment is surgical, which carries some risk. Residual weakness in the 
lower limbs after treat:Dent may affect pilot performance, should b~ looked 
for by the medical examiner, and should require a fligh~ test. 

UlM3AR DISC SYNDROMES 

The typical history 111ay include an episode of sudden onset of low 
back pain with radiation into the buttock or down one or both legs, super
imposed on a history of chronic low back pain. Occasionally, acute strain 
such as lifting, twisting, falling, or severe flexion can pr~cipitate the 
syndrome without previous lCN back pain. ?allowing its onset:. pain will 
usually be accentuated by movement, coughing, straining, or sneezing, and 
can be accompanied by numbness or weakness of the distribution of the nerve 
root involved. The pain may be severe enough to cause incapacitation. 

M!NIMUM DIAGNOSTIC CRITERIA 

There is usually a history of acute onset of low back pa~n with or 
wi.tbout radiation into the buttock or legs; limitation of back motion, 
especially flexion; lateral flexion towards the side of radiation of pain, 
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shown by exam1nation; palpa!>le muscle spasm with convexity of the curvature of 
the spine, usually towards the side of disc herniation; flattening of the lumbar 
lordosis on x-ray; and tenderness, frequently maximal over the spinous process 
or the paraspinous muscle adjacent to the area of herniation. 

Also, there is neurologic loss of a deep tendon reflex, and of sensation 
or of •motor movement, de{lending on the nerve root involved. The most common 
cause is the L5-Sl herniated disc, with involvement of the Sl root, decreased 
or absent reflex, and sensory loss over the Sl dermatome. The second most 
cOllll!IOn is an L4-5 ruptured disc, "'1th involvement of the LS root or the LS and 
Sl roots. In the former, weakness of extensor haliucis Iongus may be the only 
sign, along with SOllle sensory loss over the LS dermatome distribution; with 
LS and Sl involvement, we.\kness of dorsiflexion of the foot, decreased or absent 
ankle jerk, and sensory loss over LS and Sl can occur. Stiff leg-raising 
causes pain radiating down the leg and is usually limited to the side of the 
','ai.n, 'but at tlllleS c:rassed sti.ff l.eg--.:ai.si.ug ....,_~ cause 'i)ai.u dowtt the l.eg wi.th 
the radiation symptoms. 

X-rays may be negative or show evidence of osteoarthritic changes or 
narrowing of the intervertebral space. Myelogram is not necessary for diagnosis 
and is generally ordered to explain lack of response to conservative treatment 
or to identify accurately the space to be explored with surgical treatment. 
EMG is not necessary but may be helpful in identifying the root involved. 

Because of the severe ,ain which may occur, pilots with acute raciculitis 
secondary to ruptured lumbar disc should not fly. In those who are recovering 
or have a history of ruptured lumbar disc, it would be extremely rare to have 
the incapacitation be so sudden as to present a danger while flying. Weakness 
of dorsiflexion of the foot may be severe enough to interfere with flying and 
should require a flight test. 

TllERA.Vf, llCOl-li'IENDl\'11.0l'IS 

Most patients Jill respond to rest and traction. Some will require 
surgical excision. Surgical therapy is usually excision of the ruptured 
disc and should result in relief of pain, but the neurologic dysfunction 
may remain. 

It is recOlllDlended that following lumbar laminectomy and dis~ removal, 
an examination by a physician be required before the patient returns to 
flight status. If fusion is used as ?art of the surgical treatment, no 
special limitation need be added. If bracing is used as treatment, either 
with conservative therapy or postoperatively, flight testing is recommended 
to ascertain if there is interference with m.>bility. 

SPIN.-U. STENOS!S, LUMBAR 

The diagnosis of lumbar spinal stenosis is usually made on the basis 
of pain in the back and legs upon walking, standing, or in extension, which 
is relieved by rest. SOllle patients may also develop numbness, tingling, 
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and/or weakness when wallting or extensi= is prolonged. Other relevant 
diagnostic criteria include degenerative changes in the lumbar spine, as 
clellcnstrated by x-ray and Jrin1na'l or no mechanical signs on routine 
neurologic examination. The diagnosis is usually made on the basis of 
x-ray_toaography to demanstrate the size of the canal, myelography to show 
encroacbnent upon the subaracbnoid space, and/ or C'l: scan of the spine. 

Activity requiring extended walking, standing in the erect position, 
or extension of the spine could cause incapacitation. While this can be 
rapid, it often occurs over the course of minutes and the patient is able 
to adjust. Medical therapy is ineffective, but surgical decompression is 
usually curative and can prevent incapacitation. Sudden incapacitation is 
rare, although loss of cauda equina function can occur from severe flexion 
or extension which might occur through injury. 

If there is no surgical decompression, examinations every six months 
are indicated. With surgical decompression, evidence of stability and loss 
of symptoms over the following 18 months should be required. 

CERVICAL SPONDYLOSIS 

The diagnosis of cervical spondylosis is made on the basis of evidence 
of degenerative disc disease in the cervical spine with osteoarthritis. It 
is significant when there is evidence of a spinal canal narrowed to less than 
13ml'! in the anteroposterior (AP) diameter. There may be neck pain, or evidence 
of myelopathy and/or cervical radiculopathy. Evidence of radiculopathy and 
myleopathy is given by neurologic examination showing loss of root function 
in the upper extremities, symptoms of root irritation in the upper extremities, 
and/or evidence of long-tract findings, commonly of the corticospinal tract, in 
the lower extremity with spasticity. 

The diagnosis of cervical spondylosis is made by x-ray &id/or neurological 
examination. Confirmation is through EKG and electroneu~ography to demonstrate 
radiculopathy, and by finding evidence of spinal cord compression with myelo
graphy. Diagnosis is supported by neurologic examination showing impairment of 
deep tendon reflexes in the upper extremity ::md/or evidence of weakness, iasicula
tions, long tract signs, and symptoms of ne!"Ve root irritation. CT scan of 
the cervical spine may aid diagnosis by showing narrowing in the AP diameter, 
but laminography or polytomography can also demonstrate this. 

Prognosis as far as sudden or insidious incapacitation relates to the de
gree of involvement of the spinal canal and of the spinal cord. In those 
patients with evidence of myelopathy, the possibility of sudden incapacitation 
by rapid extension of the neck is relat!vely high, while in those without 
evidence of ,nyelopathy it is relatively low. In those patients with evidence 
of myelopathy, insidious incapacitation by progressive myelopathy occurs fre
quently. 

While -dical treatment with i1111DObilization of the cervical spine with 
a collar nay be helpful in some cases, it is of only temporary benefit. 

----~---------------,---,---·-
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Surgical therapy, anterior or posterior deccmpression ~fth anterior or 
posterior fusion, may halt the progress of the disease and improve neurologic 
status. Either or both can prevent the hazards of hyperextension injury, 
but both require examination to determine that neurologic progression bas 
halted or diminished. When fusion is used, it must be determined by x-ray 
and with flexion and extension that the fusion is stable over an 18 month 
period. 

In those patients not surgically treated, neurological examination every 
6 months should be required. In those patients treated with deco~pression 
and/or fus~on, there should be evidence of stability and fusion by examination 
every 6 months, for 18 months and, thereafter, by neurologic examination every 
year. 

SPONDYLOLISTHESIS, LUMBAR 

The diagnosis of lumbar spondylolisthesis is suggested by symptoms of 
pain on standing or lifting and gait abnormalities caused by increased tension 
in or tightness of the hamstrings, while the criteria for diagnosis consist of 
x-ray evidence of forward slipping of one vertebra on another and the presence 
of defects in the pars interarticularis on oblique spine films. Diagnosis 
is usually assured by x-ray evidence, but determining the cause of radiculopathy 
or cauda equina compression ,nay require myelography. Evidence of progressive 
slipping of the dislocated vertebra indicates an unstable condition which may 
cause a progressive neurologic lacs, but sudden incapacitation is highly un
likely. 

Medical therapy, that is, ilDDlobilization with cast or brace, flexion 
exercises and bedrest, can alleviate the immediate symptoms of pain or 
radiculitis but generally has no significant effect on the basic pathology. 
Decompression of the cauda equina, with lateral or anterior fusion of the 
vertebra which has slipped to the vertebra beneath it, is often required for 
control. Stress or minor injury is unlikely to cause sudden deterioration, 
but because of progression of the disease in a significant nwnber of patients, 
neurologic examination every year should be required. 

PERIPHERAL NERVE INJURIES 

The diagnosis of peripheral nerve injury is usually made by history of 
injury to one of the extremities, the brachia! plexus or lwnbar plexus, with 
the resulting sensory, autonomic, and/or motor deficits being documented by 
physical examination, and the extent of injury being documented by appropriate 
electrodiagnostic studies two or more weeks after the injury. Other aspects 
which may affect prognosis are associated injuries to vessels, bone, spine, 
chest, pelvis, or head, which of course require x-ray studies and/or physical 
examination of the area to determine the degree of injury. 

The permanence of the injury and progression or improvement in neural 
loss should be documented by serial neurologic examination and appropriate 
serial electromyographic and nerve conduction electrodiagnostic studies over 
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a 6 to 12 months' period. The prognosis of peripheral nerve injury is usually 
one of immediate post-injury los~, foll01ted by either stability or improvement. 
Progression of loss after the :immediate post-injury period can occur in associa
tion with aneurysms or arteriovenous fistulas, when there is injury to vessels 
close to the nerve. Extensive scft tissue injury, or hemorrhage into compart
ments-such as the volar forearm ?r the anterior lower leg, can form ischemic 
infarction of muscles and cause a serious progression within hours or days of 
the initial injury. 

There is no medical therapy, but a signif,cant percentage of patients 
with peripheral nerve injuries have pain and are treated with analgesics; 
the alllOunt and type of analgesic should be documented, because this may be 
taken in sufficient amoun~s to produce soamolence and decrease in level of 
function. 

Surgical repair of nerve injuries is possible and will affect the prog
nosis. Exploration, neurolysis, suture or graft repair, release of areas of 
entrapment, or correction of associated vascular anomalies will often improve 
function, but a period of months to several years is required to determine 
whether effective regeneration has occurred. A peripheral nerve injury with 
motor loss which has been stable for more than two years is usually irreversible. 
If the nerve injury occurred less than 6 months before the initial exalllination, 
repeat exalllination at 6-month intervals for two years should be required. 
Sudden inca,;,acitation would be extremal~ 1:are, as is ,;,rogressive loss after a 
one to two year post-injury perj_od. 

PERIPHERAL NERVE TUMCRS 

The criteria for diagnosing peripheral nerve tumors is a history of a 
mass, w:!.th pain, paresthesias or deficit in the area of distribution of a 
peripheral nerve. Usually a discernible, readily palpable mass is present in 
the nerve, which on tapping gives paresthesias in the distribution of the in
'<ol.ved ne-.:ve ('l'.i=l.'s si~}. ~nso~ defi<dt is usual.lJ 1'>01'.e 1>-.:onoum:eu tban 
motor, but both may be present. In a patient with a peripheral nerve tumor, 
history of tumor and of familial conditions such as von Recklinghausen's 
Disease should be ascertained. 

Diagnosis is usually made by neurologic examination, but: electromyographic 
and nerve conduction studies can document the deficit and suppo~t the diagnosis. 
The confirmation of the type of tumor is by pathologic study, and while most 
of the tumors are benign, malignant schwannomas or fibrosarcomas can occur. If 
the patient bas a familial histo~ of peYipbeYal nei:ve tumors or other criteria 
of von Recklinghausen's Disease, the precautions for that condition (see below) 
should be taken. 

Sudden incapar.itation or severe neurologic loss due to peripheral nerve 
tumors is rare: rather, the course is usually insidious with slow loss of func
tions; in particular, motor loss is a late consequence of most tumors. In an 
occasional patient:, trauma t:o an area containing a tUIIIOr and nerve may pre
cipitate the onset: of s)'IIPtoms, but: t:he~e are usually local. As ~'!th 
periphera1 nerve inJuries, many or these patients have pain and are given 
analgesics by their physicians. Side effects from the medications must be 
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taken into account, and the amount and type of medication should be documented. 

Surgery can remove the tumor mass, often with preservation c.f much nerve 
function. Malignant tumors may require amputation and the usual pr~cautions, 
specifically, evaluation at 6-month intervals for metastases. ~,;.dden in
capacitation would be extremely rare, but slowly pcogressive loss of function 
over the distribution of the involved peripheral nerve is common. 

Frequency and type of examination would vary with the tumor type. A 
solitary benign schwannoma which is believed completely enucleated carries a 
good prognosis in terms of recurrence. With tumors like neurofibroma, for 
which enucleation is difficult and sometimes impossible, progressive loss of 
function is a possibility. Although this may occur slowly, yearly examinations 
should be required. Malignant tll!IIOrs would r~quire the type of follow-up 
given to any malignant disease, to ascertain whether progressive incapacitation 
is occurring. 

VON RECKLINGHAUSEN'S DISEASE 

This is an inherited neuroectodermal disorder with macular tannish 
areas of the skin {cafe ~ lait spots) and neurofibromas of peripheral nerves. 
Major problems encountered in these patients relate to the peripheral nerves 
involved and to the loss of function caused by the tumors or their treatment; 
the frequency of tumors arising on spinal nerve roots, affecting the spinal 
cord or cauda equina; and tumors arising on cranial nerves, particularly the 
eighth nerve, with resulting dysfunction from the loss of nerve root or nerve 
function, or compression of adjacent neural tissue. These patients also have 
a high incidence of other intracranial and spinal tumors and a high incidence 
of scoliosis. 

The diagnosis is made by recognizing the combination of pigmented skin 
lesions and neurofibromas, particularly when a f~11lily history of the disease 
is present, and may be confirmed by biopsy of the neural tumors. The pre
sence of the disease does not signify inability to perform as a pilot. How
ever, because of the high incidence of associated neural tumors and neural 
dysfunction, the affected persons should have yearly examinations, including 
neurological and eighth cranial nerve examinat!ons. Although the probability 
of sudden incapacitation is very low, the possibility of insidious incapacita
tion relating to tumors arising within the central nervous system makes 
necessary the relatively frequent neurological examinations. 

SPINAL CORD TUMORS 

The diagnosis of spinal cord tumor is made on the basis of neurologic 
symptoms and signs of pro&ressive spinal cord dys~unction, and is confirmed 
by myelographic evidence of an intraspinal mass, with surgery and histologic 
evidence determining the type. Most important in diagnosis and prognosis is 
the histologic type of tumor. There is no effective medical treatment. 
Surgery can cure benign t111110rs such as meningioma and neurilanomas, and some 
intramedullary tumors like ependymomas. The histologic diagnosis of the 
tumo1·. particularly if it is a malignant glioma, is most important in terms 
of p-,ognosis. 
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Neurologic dys~;nction in the case of excised benign tU1110rs is usually 
stable or bas reached its maximum improv-nt 12 to 14 110ntbs after tUIIIOr 
excision, but with malignant tumors or in any of the intramedullary tumors in 
which total removal cannot be accomplished, progressive neurologic dysfunction 
is the expected course, although this may be prolonged over 5 to 10 years. 
Radiation therapy can arrest the growth of some of these tumors, but effective 
chemotherapy or other medical therapy has not been established. 

Physical or emotional stress or sudden incapacitation is not a problem 
in these conditions. In patients in whom benign tU110rs have been excised, 
neurologic examination every 6 months for 18 months should be required in order 
to show neurologic stability or to document improvement. With malignant tumors, 
neurologic examination every 6 months should be required. The determination 
of ability to fly is a judgment decision based on the nature and extent of 
the neurologic deficit, and any neurologic deficit is indication for a flight 
test. 

SYRINGOM'lELIA 

Syringomyelia is a condition characterized by gliosis and cavitation of 
the spinal cord. It is usually congenital in origin but may be acquired in 
some instances. Occasionally, the process may extend into the medulla and 
orain stem. The cavity may contain fluid, which under pressure may cause 
swelling and result in obstruction of the spinal canal. While syringomyelia 
most commonly involves the cervical portion of the cord, it may occur at any 
level. Multiple cavities may also occur. It is believed by some that 
syringomyelic cavities occurring in the cervical cord are the result of an 
obstructive process causing enlargement of the central canal from the fourth 
ventricle. 

While the signs and symptoms of syringomyelia may be quite variable, 
depending upon the extent of the gliosis and cavitation, the classic presenta
tion is that of early involvement of the anterior commissure, producing the 
so-called sensory dissociation, ie, diminution or absence of pain and tempera
ture sensation below the level of the lesion with complete preservation of 
position and vibratory senses. However, other signs and symptoms of cord in
volvement, such as localized muscle weakness and atrophy of shouldErs, arms, 
and hands, and signs of corticospinal tract involvement, may also occur. 
Painless arthropathies and Charcot joints also are seen in this disease. 

Diagnosis is through myelography, preferably air myelography which may 
demonstrate either a swollen cord or a thin atrophic cord, but myelography 
also may be normal. Because spinal cord tUllOr, such as ependymoma, is in 
the differential diagnosts, the cavity may be revealed by surgical explora
tion. Syringomyelia is frequently associated with anomalies of the skull and 
vertebral canal, such as Arnolg-Chiari malformation, Klippel-Feil anomaly, 
and kyphoscoliosis. TWDOrs of the spinal cord and its coverings may occur in 
up to 20% to 30% of patients. 
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Sudden incapacitation is extremely unlikely, except as caused by sudden 
hemorrhage into a syringomyelic cavity, or hematomyelia, which is almost in
variably secondary to trauma at the cervical region. The disease, however, 
is usually relentlessly progressive, although the course may be slow. There 
is no effective medical treatment, although some have reported arrest of the 
progression by me&ns of radiation. Surgical decompression of a cyst Wider 
pressure, and other methods of draining cavities, have been utilized with 
oc~asional good results. 

Qualification for flight must be based upon performance evaluation with 
required 6-month re-examinations. 

PERIPHERAL NEUROPATHIES 

The peripheral nerves are subject to a wide range of insults, including 
a large number of systemic, metabolic, and toxic disorders. Some neuropathies 
may damage primarily the lllOtor fibers in the mixed motor and sensory peripheral 
nerres, while other neuropathies affect both motor and sensory fibers, or pro
duce mainly sensory changes. 

Most toxic or metabolic disorders produce a symmetrical polyneuropathy with 
symptoms and findings which are most intense in the distal portions of the 
limbs farthest from their cell bodies in the spinal cord. Sensory symptoms 
often predominate when the metabolic or toxic changes first affect nerve 
metabolism, out decreased reflexes, weakness, and gradual proximal spread of 
the symptoms may develop if the cause for the neuropathy is not folllld ar,d 
treated. 

The diagnosis of a distal symmetrical polyneuropathy is made by the 
demonstration of distal weakness, sensory loss, and decreased reflexes in the 
lower limbs, with similar, often less severe, findings in the upper limbs. 
The diagnosis may be confirmed by electrodiagnostic studies, which show slow
ing of motor or senso:cy nerve conductions, or both. The effect of such a 
neuropathy on performance is highly variable and requires assessment of ability 
while carrying out tasks similar to air crew assignments. With the exception 
of tile Guillain-Barre--, form of po!yneuropathy, the disorders rarely if ever 
produce sudden disability. 

The prognosis for recovery from, or worsening of, such a neuropathy is 
largely dependent on etiology, and diagnostic evaluation by a neurologist is 
essential. The precise cause, or the lack of ability to determine such a 
cause, should not influence the qualifications of the individual for licensure, 
however; rather, licensure should depend on the degree of disability of the 
individual. Evaluation regarding return to flight should be by a neurologist. 
If there is questionable progression, reevaluation should occur at three to 
six lllllOnth intervals. 

Charcot-Marie-Tooth Disease - This familial disorder of peripheral nerves 
produces symptoms of distal, syqaetrical polyneuropathy which begin very in
sidiously, often in childhood or in early adult life. The neurologic defects 
are pximarily 1110tor in nature and consist of very slowly progressive weakness 
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and atrophy of the distal IIIUscles of the upper and lower l:llllbs. Reflexes are 
-rkedly reduced. Sensory changes are usually present but are quite mild. 
Sudden incapacitation does not occur, but the progressive nature of the symptoms, 
in particular foot drop, requires reevaluation at 6-month intervals. There 
is no -dical or surgical treatment for thi& condition, but a leg brace or 
posterior splint may aid foot drop. 

DIABETIC NEUROPATHY 

Diabetic neuropathy is one of the most coDDOn forms of neuropathy. It 
cannot be considered a single entity, and prognostically it is best considered 
under the classification described by Thomas: 

Symmetrical Polyneuropathy 

sensory polyneuropathy 
autonomic neuropathy 

Mononeuropatby and muJtJpJe mononeuropathy 

cranial nerve lesions 
isolated peripheral nerve lesion 
diabetic amyotrophy 

With the possible exception of diabetic amyotrophy, onset and severity of the 
neuropathy does not relate to the severity or the degree of control of the 
diabetes itself. The presence of one type of neuropathy does not preclude 
develop111ent of another type; rather, c011!binatioas are likely to occur, which 
probably are related to the multiple etiologies for the different diabetic 
neuropathies. 

S:ymnetrical Polyneuropathy - This is the most co!!llllon of the diabetic 
neuropa~hies, occurring in 60~ to 80% of patients with naLurity onset diabetes 
who are controlled with diet. Sensory poiyneuropathy is most commonly found 
in the lower extremities, and on neurologic examination the most common find
ing is decrease in touch, vibration, position sense, and pain, with absent or 
depressed deep tendon reflexes. Ic usually is slowly progressive and in che 
vast majority of cases causes little or no disability. It can, however, pro
gress to almost total loss of sensation leading to skin and joint lesions and 
marked disability, as well as disability from the discomfort of the resulting 
paresthesias. Sudden incapacitation is not seen in this syndrome, and there 
is no llle.dical or surgical therapy. Because of the progression, yearly neurologic 
examinations should be required. 

Autonomic neuropathy can appear as an extension of sensory polyneuropathy 
or can be an ear!y symptom of diabetic neuropathy. The major finding is marked 
involve111ent of the autonmnic nervous syste111, with varying degrees of postural 
hypotension du~ to lack of compensatory changes in cardiac output. 

Sudden syncopal episodes may occur, particularly under stress or change 
in position. There is no effective 1tedical or surgical therapy, although the 
use of vasocons~rictors, fluorinated corticosteroids, monoainne oxidase 
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inhibitors, and L-Dopa in some patients n.ay decrease the orthostatic hypo
tension. Since the efficacy of such therapy is unpredictable, the presence 
of this form of autonOlil:ic neuropathy should cause absolute disqualification. 

Diabetic Mononeuritis MultiplP - This group of neuropathies involves 
cranial and peripheral nerves, with subacute oT acute loss of function most 
commonly inv?lving the third and sixth cranial nerves, the femoral nerve, 
and less coD1DOnly, the radial, percneal and facial nerves. These mononeuro
pathies appear to be the result of occlusion of the vasa nervora, although 
entrapment and compression may at times play a role in pathogene3is. In 
rare instan,ces, the sa111e nerve may be involved more than once. The most 
important and common neuropathies are those inv·olving the third and/or sixth 
cranial nerves, which cause diplopia. Fortunately, this is often associated 
with a prodromal period of one or two days, which produces periorbital pain 
and eye pain with eye movement. 

Because of the resulting double vision, flying status should be denied 
until resolution and stability has been de=nstrated for a period of six 
months. There is no medical or surgical treatment available for these mono
neuropathies. 

Another form of neuropathy, which is invariably multiple and often 
symmetrical, is diabetic amyotrophy, which is now believed to represent a 
severe involvement of the motor portion of the proximal part of the peripheral 
nerve, with a dying back phenomenon involving the anterior horn cell. Signs 
of myelopathy, including Babinski signs and fasciculations, may be found. 
Improvement and stability of the condition 'llaY result from control of the 
diabetes with insulin. 

From a neurologic standpoint, flying status may be granted on the 
basis of performance testing and evidence of stability for a period of one 
year. Semiannual re-e:i.amination by a competent neurologist, with particular 
attention to involvement of other peripheral and cranial nerves, is mandatory. 

u'IFLAMMATORY POLYRADICULONEUROPATHY 

This disorder is characterized by changes not only in the peripheral 
nerves, ~ut also in the spinal nerve roots and in the cranial nerves. Its 
onset, which sometimes follows a ,iral illness or inoc~lation with certain 
vaccines, is rapid and il!aY produce severe disability over hourc or days. 

Sensory symptoms may occur early in the upper or lower limbs, but 
muscular weakness is the principal manifestation. The weakness may begin 
proximally or distally and in the upper or lower limbs, but characteristically 
it spreads in a symaetrical fashion to involve both proximal and distal 
muscles of all 11.mbe, with distal structures in the lower limbs often most 
severely involved. Facial muscles are often weak bilaterally, and in severely 
involved individuals the tongue, palate, pharynx, and virtually all striated 
muscle may cease function because of the involvement of their mo~or nerves. 
The muscle stretch reflexes are nearly always markedly depressed or absent. 
While paresthesias are c0111>10n, sensory loss is usually much less evi~~nt 
than the weakness, and a minor degree of distal loss may be the sole sensory 
finding. 
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Tbe diagnosis is based on the clinical history and examination as de
tailed above. Certain patients may present in such a manner that myasthenia 
gravis is a serious diagnostic possibility, but such individuals usually have 
no preserved tendon reflexes and no significant response to anticholinesterase 
medication. The classically described CSF changes of elevated protein and 
normal or only slightly elevated cell count may not occur until the disorder 
has been present for three or four days, and does not occur at all in perhaps 
30% of cases. Because acute intermittent porphyria, infectious mononucleosis, 
and diphtheria may produce symptoms indisti·,guishable from this disorder, 
appropriate studies to exclude those entities should be made. 

The weakness occasionally may progress and produce respiratory failure 
and death. The maximum degree of weakness is usually reached within three 
to seven days, and although it us~ally does not threaten life, improvement 
thereafter may be very slow. Not all patients recover completely, but the 
vast majority attain functional recovery. Relapse of the weakness sometimes 
occurs during the recovery phase and rarely after complete recovery; but the 
usual course is that of steady and permanent recovery. 

These individuals are disqualified for flight activities un=il they 
have made an adequate functional recovery. Any severe disorder of the motor 
unit may produce long-lasting changes in muscular stamina; therefore, measure
ment of functional recovery should include sustained activity rather than short 
bursts of muscle contraction. 

MONONEUROPATHIES 

Frequently, single peripheral nerves are affected by a neuropathy, and 
rather than the distal symmetrical neuropathy described previously, the dys
function is related to a single peripheral nerve. The most common cause for 
such a mononeuropathy is compression, either from local edema, as with the 
carpal tunnel syndrome, or from repeated minor tra\!llla to exposed and vulnerable 
p,,aripheral nerves as they pass over boney prominences. The neuropathies may 
be progressive and may produce motor or sensory abnormalities. A pressure 
neuropathy, for exalllple, of the radial nerve, should not produce further 
sudden incapacitation once it has occurred. Of course, the causes of the 
1110noneuropathies should be determined. 

An individual with a mononeuropathy should have a determination of 
fun~tional capacity and continue with daily duties, if the disability is not 
too severe. Such a determi.iation and evaluation should be done by a neurologist. 
If there is to be flight testing, there should be prior evaluatidn by a 
neurologist. 

Some examples of mononeuropathies follow: 

Median Nerve - Co,;ipromise of ~he median nerve by compression from 
structures beneath the transverse carpal ligament at the wrist produces a 
constellation of syi11ptoms but often few physical abnormalities. Paresthesias, 
burning and redness of the fingers are the primary symptoms, and they 
characteristically occur during sleep or during use of the hands. The dis
cOlllfort may be present constantly. 'While usually unilateral, the problem may 
occur on both sides. 
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Diagnosis is made by eliciting the characteristic history, demonstrating 
weakness of the thenar muscles, and reproducing symptoms with sharp flexion 
or extension of the patient's wrist. Percussion of the volar surface of the 
wrist, over the median nerve, will produce tingling in the thumb and 1n~ex 
finger (Tinel's sign). Ccnfirmation of the diagnosis often may be obtained by 
measuring motor or sensory conduction velocities and latencies in the distal 
portion of the median nerve. While the symptoms are annoying, functional 
disability rarely occurs. Surgical treatment is usually curative when com
pression is the major causative factor. 

Ulnar Nerve - The superficial course of this nerve at the elbow, in the 
olecranon groove, makes it particularly liable to a pressure neuropathy, some
times frOlll such apparently innocuous activity as repeatedly leaning on the 
elbow. The clinical manifestations are primarily motor in nature, and the 
finger abductors and adductor muscles exhibit weakness and often atrophy. 
There are paresthesias and subjective sensory changes in the fifth finger and 
the ulnar half of the fourth finger. Avoiding pressure on the elbow may be 
all that is necessary to alleviate the symptoms in some patients, but surgical 
transposition of the ulnar nerve to a more protected position on the flexor 
surface of the forearm may be necessary. The weakness produced by the entrap
ment of the median or ulnar nerves may be severe enough to interfere with hand 
function, and functional evaluation is required. 

Radial Nerve - A neuropathy of this nerva often begins abruptly and most 
commonly occurs during sleep. The etiology is usually compression of the nerve 
following hanging of the arm over the back of the chair or the edge of the bed. 
The disorder produces severe weakn~ss of wrist and finger extensor muscles, 
weakness of the brachioradielis, and subjectively or objectively defined 
sensory loss in the web between the thumb and index finger on the dorsum of the 
hand. The weakness usually renders the hand virtually useless and may per
sist for six weeks or longer. Once recovery occurs, relapses are not expect~d. 
It should be noted that pre~sure sufficient to cause such a neuropathy is pain
ful and thus occurs when an individual is heavily sedated or intoxicated. An 
individual with a radial nerve palsy should be removed from flying status until 
major functional recovery has been established. 

Lateral Femoral Cutaneous Nerve - lhmlbness, tingling, prickling, and 
occasionally, hurting sensations in the anterolateral thigh, develop insidiously 
in this neuropathy, because of the entrapment of the nerve somewhere in its 
long course, most frequently as it crosses the inguinal ligament. The symp
toms may be annoying, but no other neurologic symptoms or signs occur. No 
specific treatment is needed, and there are no associated disabilities. Treat
ment with phenytoin or carbamazepine may be beneficial in prolonged cases. 
The condition, of itself, is not considered to be disqualifying. 

Peroneal Nerve - rtsabling foot drop and sensory changes of the foot may 
occur from compression of this nerve immediately below the lateral tibial 
tuberosity. The most common cause is chronic leg crossing or other acti~"ities 
which result in compression of the nerve against the fibular head at the knee. 
The symptoms and findings include weakness of the extensors of the toes and 
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ankle (foot drop) and decreased sensation of the dorsum ~f the foot. The ankle 
jerk remains normal. The foot drop resulting from this neuropathy may produce 
disability, and functional evaluation ohould be made before qualification is 
granted. 

llEA.VY KF.'rM. UITOXICA.1'.10N 

Heavy metal intoxication of the nervous system can be acute or chronic 
and most often is caused by lead, ar~enic, mercury, manganese, or thallium. 
All of these conditions are relatively rare in adults, unless exposure is 
through crime or related to hobby or work. In addition to systemic poisoning, 
acute and chronic lead and arsenic ingestion can cause polyneuritis: with 
lead, the polyneuritis is mainly motor, and with arsenic it is sensory at 
first, with progre~sive weakness appearing later. 

Organic mercury can cause a dystonia and chorea-like syndrome with 
mental deterioration when ingested over a long period of time, and a mild, 
peripheral sensory neuropathy also may be seen. Manganese intoxication pre
sents approximately the same way, with less likelihood of peripheral neuro
pathy. Chronic manganese intoxication has been reported to present with a 
picture indistinguishable from Parkinson's Disease. The striking features 
of thallium exposure are alopecia and the fact that in acute thalliUI!l poison
ing, as with arsenic, the neuropathy is mainly sensory ID character. It can, 
however, inciude retrobuibar neuritis, ataxia, and pupiiiary dysi~'Ylction. 

The diagnosis of heavy metal intoxication is made by demonstrating 
the agent in the urine, blood, hair, or nail clippings. i.hile the neuropathies 
of lead and arsenic can progress even one to two months after exposure is 
elimina,ed, they usually stabilize or improve when intake is stopped and the 
pool of heavy metal in the body is reduced with chelating agents. Eligibility 
for licensure should depend on residual defects and not on the diagnosis 
ner se" 

Sudden incapacitation or progression withoLt further exposure is not to 
be expected. Neurologic loss with mercury ?~d manganese is usually not re
versible and may progress for ~onths or years. Thus, it should be considered 
~s an indication for disqualification for licensure. 

ACUTE INTERMITTENT PORPHYRIA 

Acute intermittent porphyria is a disorder of the metabolism of porphyrin 
anc its precursors. Clinical ~anifesta~ions are most frequently induced by a 
large nmnber of medicinal drugs, most prominent among which are the barbiturates 
and related compounds, but they also may be seen spontaneously or after stress, 
trauma, er cmusual fatigue. 

Acute porphyria raiely becomes obvious before puberty. Systemic symptoms 
include acute abdominal pain, anxiety, hysterical behavior, or even acute 
paychosis. The neurologic signs include those of peripheral neuropathy and, 
in some eases, a severe Guillain-Barre -like syndr~me may develop. During 
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the attacks, the urine, especially when exposed to sunlight, develops a 
reddish brown color. In a number of cases where the true nature of the 
disease was not recognized, the neurologic signs and symptoms were 
exacerbated by medical treatment with analgesics for abdominal pain, 
barbiturates for restlessness or hysterical behavior, and anticonvulsants 
for the epileptiform seizures which occasionally occur. 

During the acute attack, the diagnosis is based upon the demonstra~s~n 
of increased urinary excretion of porphobilinogen and delta aminolevulinic 
acid. Between attacks, the subjects may be both clinically and biochemically 
asymptomatic. The definitive diagnosis is based upon Lhe demonstration, 
during as well as between attacks, of a decrease of more than 50% in activity 
of erythrocyte uroporphyrinogen-I-synthetase. Mortality during the acute 
attack, usually from respiratory embarrassment, can be as high as 30% co 40%. 
Recovery with minimal or no neurologic residual occurs in most instances. 

Sudden incapacitation is rare, but. symptoms can develop rapidly, 
especially when the various precipitating factor~ initiate attacks. While 
neurologic incapacitation would be extraordinarily unusual, such could 
occur with acute abdominal pain and consequent mental changes. Attacks of 
the disease are =?cedictable and aay be frequent or extraordinarily rare. 
Treatment consists primarily in recognizing the precipitating factors and 
in educating the patient regarding their avoidance. In those rare individuals 
who have had epileptic seizures ~ssociated with the attacks, appropriate 
anticonvulsant drugs must be prescribed. 

Recommendations: Patients with this diagnosis must be warned about 
the precipitating factors and given a list of drugs which are known to have 
suc'1 effects. For individuals in whom the precipitating factors are not 
dr~g-related, but are related to stress, trauma, or fatigue, disqualification 
should be absolute. Individuals in whom a specific drug has been identified 
as precipitating factor, flying status may be awarded after a syndome free period 
under observation of one year. But there should be permanent disqualification 
should another attack occur at any time. 

DISEASES OF MUSCLE 

Many different diseases of muscle due to a wide variety of causes have 
been described. In gpneral, they are characterized by muscle weakness, and 
they interfere with mJtor function without any sensory involvement. Three 
major groups can be identified: the muscular dystrophies, the myopathies, 
and the myasthenic syndromes. The diagnosis is based upon a combination of 
the characteristic history, the neurologic examination, electrodiagnostic 
studies and, as often as possible, study of muscle biopsy material by means 
of light and electron-microscopy with histochemical techniques. Because of 
the ccmplexities of these conditions, diagnosis and evaluation regarding per
formance shou1d be performed by a neurologist, perferably one with special 
competence in neuromuscu1ar disorders. 
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Progressive Muscular Dystrophies: Four general types of muscular 
dystrophy are recognized and will be discussed. 

1. Pseudo-hypertrophic muscular dystrophy of Duchenne - This is a 
disorder of males which usually starts in late childhood and is characterized 
b)' "te1ent.l.essl.)' -pu,g-ress,ive -..eakness and s....,,e"te 1!roStc1.e at.-ro;,'ny. '!he eOM<"i
tion affects first the proximal musculature, and eventually leads to almost 
complete incapacitation, usually by young adulthood. The disease is also 
characterized by pseudo-hypertrophy cf the muscles, most prominently those of 
the calf. Because of the early involvement of the proximal musculature, it 
is common for the deep tendon reflexes of the knee to disappear before those 
of the ankles. Sensory and other neurologic signs are absent. The muscles 
innervated by the cranial nerves, with the exception of those subserved by 
the V, Vll, and Xlth nerves, are not involved. Th~ muscles of respiration 
become involved late in the course of the disease. 

There is a fairly high association with mental retardation, this being 
found in as many as 25% of patients. The diagnosis may be confirmed by 
electromyography, which reveals a myopathic pattern, an elevation of serum 
creatine pbosphokinase activity, and the characteristic appearance of muscle 
tissue by light microscopy. There is no effective medical or surgical therapy. 
The disease progresses slowly without exacerbations secondary to stress. It 
is unlikely a patient with this disease would be in condition to ever con-
sider flying, and certification should be denied absolutely with this diagnosis. 

2. Facioscapulohumeral and limb girdle types - Many consider these to 
be variants of the same entitv. As the name implies, the involvement of 
muscles is somewhac ~ore localized, to the face, shoulder girdle, and upper 
arms in the former, and to shoulder and pelvic girdles in the latter. Men 
and women are equally affected. The disease occurs somewhat later in life 
than Duchenne's and is not as rapidly progressive; thus there may not be in
capacitation until well into adulthood. Some of the more chronic myopathies, 
such as dermatomyositis and steroid myopathy, may resemble the limb girdle 
type of muscular dystrophy and must be considered in the differential diagnosis. 
The diagnosis is made as with the Duchenne type, and the importance of muscle 
biopsy cannot be overemphasized. Disqualification must be based upon actual 
performance,with evaluation on a yearly basis. 

3. Welander-Kugelberg-Wohlfahrt Syndrome - This is a disease probably 
related to the dystrophies, although it is somewhat difficult to classify, 
the condition may start at any time from early childhood to adulthood. It 
is characterized by very slowly progressing prcximal muscle weakness and may 
show some of the features of an amyotrophy, su~h as fasciculations. The 
family history is often positive. Electrodiagnostic studies may reveal a 
mixture of myopathic and neuropathic features. No medical or surgical therapy 
is available. Sudden incapacitation is not expected. Qualification should 
be based upon performance evaluation on a yearly basis. 

4. Myotonic Dystrophy - This is a group of muscle diseases character_zed 
b~ the 9resence of a~tomatic or a.&'!l'Dl)tomati.c m~otou.ia, The m11otonic reac-
tion consists of a marked prolongation of the relaxation phase of muscle con
traction, present either clinically or electrically, or both. Myotonic reactions 
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can be seen in other conditions, such as amyotrophic lateral sclerosis and 
hypo- or hyperthyroidism. 

In myotonic dystrophy, there is a slowly progressive weakness and 
atrophy which, in contrast to that of other dystrophies, usually starts in 
the distal muscles of the extremities. The disease is inherited as a 
domJ.nant trait. Associated ab.1Wniialitias include cataracts, macular degenera
tion, frontal baldness, and a variety of endocrinopathies, the most common 
of which are gonadal atrophy and hypothyroidism. Early involvement of the 
masseter and temporalis muscles, giving a characteristic facial appearance, 
the "tapir" face, is often present. The expression of the disease shows great 
vax:i.abil.i.t~ ft:am. ~,e:cat:inu. t:<l ,yau.•a:cati.,:,u.~ tb.us, th.e 9ate.n.t of a 9atient 
with myotonic dystrophy may have no stigmata other than cataract~ and frontal 
baldness, while the patient himself may have the dystrophy but no other 
abnotmallties. The diagnosis is based upon one or more of the foll0wing 
features of clinical myotonia: 

1) The patient is unable to relax a clenched fist quickly, 
unable to rise from a chair quickly, or incapable of releasing 
his grip on tightly held objects. 

2) When there is tapping of a muscle group such as the thenar 
eminence, the Euscles of the forearm, oc the tongue with a re
flex hammer, a localized contraction follows which relaxes very 
slowly. 

3) There is a pathognomonic electromyographic (EMG) pattern of 
prolonged tetanic contraction following a normal stimulus. 

4) Y.-is'tocnemical s'tuay o'i musr::1.e biD1>sy 111a'terial may be nel:pb,l. 

It should be note4 the only reliable diagnostic test is the EMG. 
The test, however, may also be positive in the absence of clinical myotonic 
reaction. Both test and patient are invariably affected by exposure to cold. 
It is imperative the diagnosis be established by a competent neurologist. 

Two other subtypes of myotonic dystrophy exist: myotonia congenita 
(Thomsen's disease) usually starts in early childhood and is characterized by 
pseuilobyper'tropny oi al.l muscle groups, t"nis is a benign aisease vi't"n 11n.la, 
generalized, and usually nonprogressi ve yeakness. Paramyotonia is technical 1.y 
not a disease of muscle, since it consis,s exclusively of a myotonic response 
which is present only during exposure to cold. 

Medical treatment for the myotonic reaction consists of a variety of 
drugs such as quinine, procainamide, corticosteroids, and phenytoin. 
Excellent control of the clLtical myotonia may be obtained, but the drugs 
will not alter the progressive muscle weakness and atrophy of myotonic 
dystrophy. 

. .,,..:. .. 
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RECOMMENDATIONS 

A) Individuals with spontaneous clinical myotonic reaction should be 
disqualified from ft~tng, even if under medical control, since acute stress 
may produce a sudJen exacerbation. 

B) Individuals with elicitable myotonia or with electrically induced 
myoconia may be qualified, if clinical myotonic rP,4ction cannot be produced 
by exposure to acute and severe stress. 

C) For those qualifying under section !!,there must be no visual impair
ment secondary to cataract or macular degeneration. 

D) For those qualifying under section B, the degree of muscular weak
ness and/or atrophy must be compatible with operation of the aircraft. Re
examination at three month intervals i3 mandatory. Since the myotonic dys
trophy is a relentlessly, albeit slowly, progressive disease, long term 
follow-up and treatment are necessary. 

Another group of diseases which appear to be related to the myotonias 
are the periodic paralyses. These are characterized by the sudden occurrence 
of severe generalized muscle weakness, often precipitated by the ingestion of 
a high carbohydrate meal. The weakness is related to a poorly understood dis
turbance of potassium metabolism. The serum potassium may be low (hypokalemic 
type), normal (normal k1lemic type), or elevated (hyperkalemic type). EMG and 
muscle biopsy may be helpful. Medical treatment, which includes instruction 
as to avoidance of high carbohydrate meals, is of some value. Acute stress 
may lead to an attack. Absolute disqualification is recommended, when this 
Jiagnosis is established by a competent neurologist. 

The Myopathies: This is a heterogenous group of diseases of diverse 
etiology, occurring in adulthood and consisting of the acute, subacute, or 
chronic onset of muscular weakness, which is usually proximal and symmetrical 
in nature. Cramps, muscular pain, and tenderness may accompany some of the 
myopathies. Deep tendon reflexes may be absent in the mild or early cases, 
but the cranial musculature is usually not affected. Elevation of the serum 
lactic dehydrogenase (LDH) and creatine phosphokinase (CPK) enzymes occurs 
frequently. Electromyographic studies are extremely helpful, but the de
finitive diagnosis requires muscle biopsy. lncluded in this group are such 
entities as myopathies secondary to systemic diseases, like hyper- and 
hypothyroidism, Addison's and Cushing's disease, sarcoidosis, and carcinoma, 
as well as so-called primary myopathies such as McA.rdle's disease, nemaline 
myopathy, central core disease, mitochondrial myopathies, and the rare myo
pathy secondary to prolonged administration of corticosteroids. 

A myopathy may be a part of the complex of connective tissue disorders, 
or of a vasculitis such as dermatomyositis, or it may result from an infection, 
as with trichinosis. Polymyositis, an inflammatory myopathy, is the one most 
characteristically associated with muscle pain and tenderness, although those 
findings usually are present early ,:1.,1 the course. 
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The prognosis of the myopathies secondary to systemic illness are de
pendent upon the establishment of the correct diagnosis and appropriate or 
specific treatment. Since the cardiac muscle may be involved, special 
attent"ion must be paid to cardiac function. No treatment is currently avail
able for the congenital myopathies. Polymyos1tis often responds favorably 
to corticosteroids, alone or in combination with antimetabolites", such as 
azathioprine. In the case of steroid myopathy, discontinuation of that drug 
will lead to recovery. Prognosis is entirely dependent upon the availability 
of treatment. Because of that, it is :il!lperative that every attempt be made 
to establish a co~rect diagnosis as soon as possible. Also, muscle biopsy 
should be an absolute requirement, with the condition that the frozen biopsy 
material be reviewed by an expert in the field. 

RECOMMENDATIONS 

A) The diagnosis of a myopathy for which no recognized, effective form 
of treatment exists, should lead to absolute disqualification. 

B) For myopathies secondary to systemic illness, or for those such as 
polymyositis, for which a recognized treatment exists, evaluation of muscular, 
respiratory, and cardiac function should be carried out every t~ree months 
during and for a least two years after treatment. Qualification may be granted 
if such functions are found to be normal at two consecutive three-month 
examinations. 

The Myasthenic Syndromes: Myasthenia gravis is a disease of muscle 
characterized by weakness and abnormal fatigability, presumably due to a de
fect of transmission at the neuromuscular junction. While the exact etiol~gy 
of this disease remains unkno~'Il, it is believed that in many if not all in
stances, there is a disturbance of immune mechanisms. The anatomical defect 
appears to be an abnormality of the postsynaptic membrane, which reduces the 
number of receptors fer the acetylcholine liberated from the nerve terminal 
by the nerve impulse. The disease may occur at any age and is usually insidi0us 
in onset, but it may also present suddenly and dramatically. A patient with 
this disease is extraordinarily sensitive to many drugs, including the mycin 
antibiotics. The disease may be exacerbated by even mild intercurrent in
fections. 

In early stages, symptoms may be present only after exercise, and im
provement occurs with rest or sleep. As the disease advances, this is no 
longer true, and the patient may be as weak upon awakening from sleep as he 
was before. The weakness may be generalized, or it may be confined to a 
group of muscles such as the extraocular, facial or orophoryngeal. Involve
ment of the extraocular muscles is most commonly the presenting symptom. 
occurring in approximately 40% of cases. Muscles of the trunk and extremities 
are involved first in about one-third of the cases, and the palatal or 
pharyngeal muscles in 20%. The disturbing symptoms, in addition to generalized 
weakness, are best elicited by exercising large proximel muscles and include 
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double vision, lid ptosis, difficulty in swallowing, and 4ifficulty in breath
ing. The symptome, and thus the muscle groups involved, may vary from day to 
day. 

DIAGNOSIS 

This is based upon one or more of the following criteria: the 
characteristic history of weakness with effort, and dramatic improvement not 
always with resting, or particular muscle groups, such as the extraocular, 
facial-oropharyngeal and limb-girdle. When not all the groups are involved, 
the differential diagnosis varies accordingly. The tendon reflexes tend to 
be preserved. 

Corroborative tests, not always positive, are: 

A. Immediate response of a weak muscle or muscles to the intravenou~ 
injection of edrophonium chloride {Tensilon), or to the intravenous or 
intramuscular injection of prostigmine. 

B. A positive Jolly test, consisting of the electromyographic abnormality 
of rapid decline in the height of muscle action potentials evoked by re
petitive nerve stimulation at rates less than 15 per sec. This particular 
test is positive in about 50% of cases, but it may be negative in those 
patients in whom the disease selectively and exclusively involves the 
extraocular or oropharyngeal muscles. 

C. Single fiber electromyography, not yet generally available, is posi
tive in about 95% of cases, 

D. Provocative tests such as intravenous d-tubocurarine, are rarely 
necessary. 

Myasthenia gravis may be associated with the presence of other 
conditions, including thymoma, hyperthyroidism, collagen disease, and 
pc1.)'lllyositis. The course is unpredictable, remaining stable in some 
patients, progressing rapidly in others, and going into prolonged re
mission in still others. 

TREATMENT 

A number of forms of treatment are available. Removal of a thymoma is 
mandatory, if such a neoplasm is discovered. This may lead to permanent re
mission of the disease, although associated diseases may lead to disability. 
Removal of thymus tissue is recommended esp~ iaily in persons with onset under 
the age of 35. Radiation of the mediastinum is little used. 

The appropriate and judicious utilization of cholinesterase inhibitors 
like neostigmine and pyridostigmine rarely produces complete control of symptoms. 
The most successful fo1:111 of treatment at the present time consists of the long
tenn administration of high doses of prednisone in various recommended regimens 
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Even though the patients' symptoms appear to be under excellent control 
with the use of appropriate medications and/or corticosteroids, stress, unusual 
exercise or fatigue, mild intercurrent infections, emotional upset, minor 
physic~l trauma, or the ingestion of any of a large number of drugs, may cause 
the sudden reappeara~ce ~Z symptoms. This is much less likely in patients who 
ha-,e responded favor,r'Jly to prednisone. Sudden death in otherwise well con
trolled, asymptomatic patients has occurred. At the present time, long term 
treatment with high doses of corticosteroids before or after removal of thymic 
tissue appears to provide a stable condition in many patients with this disease. 

RE\.!OMMENDATIONS 

Patients with myasthenia secondary to a thymoma may be certified, pro
vided that examination one year following t!,e removal of the thymoma shows they 
are symptom-free and a Jolly test is completely normal. 

Patients with myasthenia gravis who are dependent upon any of the 
cholinesterase inhibitors for control of symptoms must be disqualified. 

Patients whose symptoms have been completely controlled by prednisone 
alone for a period of three years after the dosage of corticosteroids has been 
stablized, and whose Jolly test is completely normal at that time, may be 
qualified for nonconnnercial flying. 

Individuals who have been completely symptom-free and have received no 
medication whatsoever over a year's period, and have a completely normal Jolly 
test, may be qualified for nonconnnercial flying. 

Individuals with the diagnosis of myasthenia gravis who are qualified 
under the conditions above should be reexamined every three months indefinitely. 

Myasthenic Syndrome (Eaton-Lambert Syndrome) - This rare disease super
ficially resembles myasthenia gravis in its clinical presentation, with the 
major difference that the extraocular muscles are rarely involved. The 
pharmacologic tests utilized to establish the diagnosis of myasthenia gravis 
are not useful in the condition. The EMG pattern is the exact opposite in 
that there is an actual increase i~ the size of the muscle action potential 
with repetitive stimulation. The weakness is largely limb-girdle, and tendon 
reflexes tend to be absent. 

The condition is associated with carcinoma, most often of the lung, in 
appro:rlmately two-thirds of men and one-third of women. The appearance of the 
Eaton-Lambert syndrome may in fact precede the discovery of the carcinoma. It 
has been reported the syndrome can be corrected by removal of the carcinoma. 
if present. Treatment with guanidine has resulted in improvement of the 
symptoms in some patients. 
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RECOMMENDATIONS 

Those individ.,als in whom an underlying carcinoma cannot be demonstrated, 
and whose symptoms are controlled by the administration of guanidine, may be 
eligible for qualification as noncommercial pilots after a symptom-free period 
of at least :hree years, including mandatory examinations at three-month inter
vals. 

AMYOTROPHIC LATERAL SCLEROSIS (motor neuron disease) 

Amyotrophic Lateral Sclerosis (ALS) is a progressive disorder of the 
motor unit in the brain stem and in the spinal cord. It is characterized 
pathologically by degeneration of neurons in the motor cortex, motor nuclei 
in the brain stem, and anterior motor horn cells. The clinical manifestations 
are a unique combination of upper and lower motor neuron findings in both the 
upper and lower extremities. The patients so afflicted have weakness, atrophy 
fasciculations, and spasticity in the muscles subserved by the motor neurons 
involved. The extraocular muscles are not involved, and there are no sensory 
abnormalities. 

There is no uniform involvement of the motor system with this disorder; 
in some patients the upper motor neuron symptoms predominate, while in others 
the anterior horn cells are most severel~ involved St'.d the "pro%tessive s~inal 
muscular atrophy" form of the disease results. Weakness may begin in the 
muscles responsible for speech or swallowing, or in the proximal or distal por
tions of either the upper or lower limbs. While the weakness is occ~sionally 
symmetrical, it may be very severe in one limb and cause barely detectable 
difficulty in the others. Fasciculations, muscJ~ cramps, and atrophy as well 
as hyperactive reflexes in the lower limbs or in all extremities are seen 
eventually in most patients. Extensor plantar responses usually occur as the 
disease progresses. 

The diagnosis of ALS is made by finding upper and lower motor neuron 
signs in the structures supplied by the motor cranial nerves. Spinal cord 
tumors and other compressive lesions of the cervical region may mimic ALS and 
produce lower motor neuron involvement of the arms and spastic legs, but the 
lower motor neuron involvement (denervation) is restricted to a few segments 
in the cranial region. 

Laboratory studies 
.rl.despYead deneYvation. 
measurement to ascertain 
the denervation. 

- Electromyography is usually necessary to document 
Such studies usually include neroe conduction velocity 
that a peripheral nerve lesion is not responsible for 

Prognosis - ALS usually progresses rapidly, producing s~vere disability 
and ending in death or severe disability within 18 to 24 months. Some cases 
with restriction of disease to the spinal cord may run a slightly longer 
course. No treatment now available alters its course or outcome. Prolonged 
or vigorous exercise, predictably, may worsen the weakness already present 
in the patient. 
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RECOMMENDATIONS 

The decision regarding licensure and recertification must be m de by 
assessment of the patient's air crew performance. The rapidly progr,ssive 
nature of this illness makes mandatory reevaluation by a neurologist ,t three
month intervals. 
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SEIZURE DISORDERS AND DISTURBANCES OF CONSCIOUSNESS - PANEL 6 

David D. Daly, MD (Chairinan), Donald R. Bennett, MD, Paul H. Crandall, MD, 
Richard H. Mattson, MD, J • .ICiffin Penry, MD, and Ted B. Rasmussen, MD 

The topics discussed in this section include the epilepsies or 
"seizure disorders," and disturbances of consciousness. Under the term, 
"disturbances of consciousness," are reviewed syncope, paroxysmal alterations 
of consciousness due to metabolic derangement, hypersomnia, and unexplained 
loss of consciousness. It is recognized that maintaining proper performance 
of an aircraft requires the full mental and physical capacities of the 
persons in control of the aircraft. Therefore, any event which impairs the 
higher cortical functions of one of the aircrew can place the aircraft and 
its occupants in jeopardy. 

THE EPILEPSIES 

MINIMUM CRITERIA FOR DIAGNOSIS 

Because of the propensity for recurrence, the minimwn criterion 
for diagnosis of epilepsy is the occurrence of a seizure. In taking 
a history, the medical examiner must know the symptoms anG colloquialisms, 
some regional, related to convulsions or other seizures. Examples are 
"fits," "spells," "turns," "spasms," "worm fits," "teething fits,u "fever 
spasms," "starts," "falling-out spells," and "blackouts." A board certi
fied neurologist, or a physician with equivalent training, should make the 
definitive diagnosis of epilepsy. An electroencephalogram (EEG) must be 
part of each evaluation= 

It is recognized that the inadvertent ingestion of a convulsant 
compound, for example, an organic pesticide, may produce one or more 
tonic/clonic convulsions in any person, and that a single such incident 
does not per se constitute evidence of a propensity for recurrent 
seizures. 

OTHER RELEVANT CRITERIA FOR DIAGNOSIS WHICH MAY AFFECT THE PROGNOSIS 

Epilepsy is a multifactorial disorder characterized by recurring sei
zures. The authors accept the definitions and types of seizures propounded 
by the International League Against Epilepsy8 and recommended by the world 
Health Organization (WO), the World Federation of Neurology, the World 
Federation of Neurosurgical Societies, and the International Federation of 
Societies for Electroencephalography and Clinical Neurophysiology. Because 
seizures can result from many and diverse causes, the natural histories of 
the epilepsies vary, but a propensity for recurring seizures underlies all. 
For this reason, the panel emphasizes that of equal importance with nosological 
considerations is the question, "Does a person who has had a single seizure 
experience an increased probability of subsequent seizures?" 
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RELEVANT DIAGNOSTIC PROCEDURES AIDING IN DIAGNOSIS AND IN ASSESSMENT OF 
PROGNOSIS 

The EEC. exsm1na~ion must be conducted in a laboratory which conforms 
to standards of the Alnerican EEG Society.I Recordings must be interpreted 
by an electroencephalographer certified in EEG by the American Board of Quali
fication or by one with equivalent training, because competent interpretation 
of an EEG requires extensive experience. The panel cautions that ingenuous 
or intemperate interpretations of E~Gs can cause egregious errors. For 
example, certain types of paroxysmal discharges have no significant corre
lations with epilepsy.4 Conversely, superficially similar types of paro,cysmal 
discharges have high correlations with clinical evidence v= ~~izures. 20,22 
The panel recommends that the EEG be used primarily to evaluqte the probability 
of recurring seizures, rather than as a diagnostic procedure to establish or 
refute a diagnosis of epilepsy. The use of other diagnostic procedures, for 
example, CT scan, should be at the discretion of the consulting neurologist. 

PROGNOSIS RELATIVE TO SUDDEN OR INSIDIOUS INCAPACITATION 

The panel recommends that the diagnosis of epilepsy constitute perma
nent disqualification for licensure or recertification. In making this 
recommendation, the panel calls attention to the following facts. Seizures 
have various motor, sensory, and mental manifestations, with simple loss of 
consciousness being the least frequent form. For instailce, a tonic/clonic 
convulsion lasts approximately 90 seconds, during which time the force of 
muscular contractions may make it impossible to restrain or move the person. 9 

During automatisms of complex partial seizures, a person for several minutes 
may exhibit confusion, aphasia, and agitation, and may resist forcibly all 
attempts at restraint.5 In "absence status," confusion may persist for many 
minutes or hours.2 Obviously, aberrations of behavior during a seizure can 
disrupt execution of the responsibilities of other members of the aircrew 
and jeopardize safety of the aircraft. 

A majority of healthy, young adult males who have had a single con
vulsion will have another convulsion within three years.13 Based on this 
and other evidence, the panel recommends that the occurrence of a single 
seizure in anyone over five years of age constitutes grounds for permanent 
disqualification for licensure or recertification. 

MEDICAL AND SURGICAL THERAPY AFFECTING PERFORMANCE, INCAPACITATION, AND 
PROGNOSIS 

As mentioned, persons with epilepsy have recurrent seizures even after 
long seizure-free intervals, with or withou~ medication or after surgical 
excisions.14,18,19,23 Using the neuroepidemiologic measure of rate of 
terminal remission, Hauser and Kurkland found that in epileptic persons 
followed medically for ten years after diagnosis, seizure-free intervals of 
two years occurred in only 40%, and seizure-free perions of five years in 
only 33% of the epileptic patients.lo Others also have observed low terminal 
remission rates in children.11 
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EFFECTS OP STRESS OR OTBER STATES RELATING TO l'ROllABILITY OP INCAPACITATION 

Unusual physiological stresses, for example, sleep deprivation or the 
abrupt withdrawal of certain neurotropic drugs or of alcohol after a pro
longed bout of drinking, may precipitate one or more convulsions in some 
persons. At some later date, repetition of the same physiologic stresses 
again may result in one or more convulsioos.3 The panel concludes this con
stitutes evidence of an increased risk of recurrent seizures and recou:inends 
permanent disqualification for licensure or recertification. 

Occurrence of a single convulsion in a child five years old or less 
requires particular consideration. If a convulsion occurs in a child after 
head j,njury or during any acute identifiable brain disease, such as encepha
litis or meningitis, an increased risk of recurrent seizures exists. In 
children with "complex febrile seizure,'' the incidence of epilepsy by age 
seven years is 20 times that of children without febrile seizures.16 Seizures 
occurring in children with closed bead injury are associated with a w.uch 
higher incidence of late epilepsy than in the age-matched general population. 12 
The panel recommends that a single convulsion on or before age five years need 
not disqualify for licensure, unless it was associated with identifiable 
brain disease or injury, occurred as a "complex febrile seizure" as defined by 
Nelson and Elleober&,16 or was associated with a history of recurring seizures 
in parents or siblings. 

Breath-holding spells of childhood, "cyanotic" or "pallid" syncope, 
do not ccnstitute epilepsyl~ and do not disqualify for liceosure. 

SYNCOPE 

In the Conference on Cardiovascular Problems Associated with Aviation 
Safety, the Task Force on Arrhythmias recommended, "All persons with symptoms 
of syncope, presyncope sensation, and palpitation are disqualified for initial 
license and recertification."7 In concurrence with this, the panel recommends 
that proven carotid sinus hypersensitivity constitute disqualification for 
licensure or recertification. 

HYPOGLYCEMIA 

In persons not taking hypoglycemic drugs, confusional states, uncon
sciousness, or seizures rarely result from hypoglycemia. Glucose tolerance 
tests do not reliably provide confirmation or refutation of symptomatic 
hypoglycemia. Proof requires demonstration of symptoms in association with 
measured hypoglycemia and the alleviation of the symptoms by administration 
of glucose. The panel recommends that proven symptomatic hypoglycemia con
stitute disqualification for licensure or recertification, unless it can be 
permanently alleviated, for example, by resection of a functioning islet cell 
adenoma of th~ pancreas. 
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HYPERSOMNIA 

Narcolepsy is the most common cause of inordinate diurnal sleepiness, 
which uy be accompanied by cataplexy, hypnagogic hallucinations, and sleep 
paralysis.6 The majority of persons with narcolepsy can be diagnosed by 
history alone. The EEG does not provide unequivocal evidence and thus is 
not recommended as a diagnostic measure. If the diagnosis of narcolepsy 
is chailenged and inordinate sleepiness denied, the panel rec011Dends use 
of pupillometry as an objective measure of vigilance.21,22 Because narco
lepsy does not remit and requires continuous treatment, the panel rec0111Dends 
that narcolepsy constitute perasnent disqualification for licensure. 

UNCONSCIOUSNESS OF UNIDENTIFIABLE CAUSE 

In a person who has bad an episode of unconsciousness, the medical exami
ner must make every effort to obtain descri~tions of the event from all 
observers, in order to exclude the possibility of a convulsion or other type 
of seizure. Diagnostic -:evaluation must include neurological consultation, 
EEG, electrocardiography, and CT scan. If all tests give normal findings and 
the event remains unexplained, the panel rec0111111ends that the candidate be 
regarded as disqualified for initial licensure, unless the episode occurred 
more than five years before examination, or for relicensure, until an interval 
of two years has passed without further symptoms and the above tests again 
yield normal findings. 
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MIGRAINE AND OTHER HEADACHES - PANEL 7 

Otto Appenzeller, MD (Chairman), Robert Feldman, MD, Arnold Friedman, MD 

TEMPORAL ARTERITIS 

Temporal arteritis is a granulomatous inflammatory process usually 
affecting the temporal or ophthalmic arteries. 1 It was first described 
by Hutchinson,2 who used the term "arteritis of the aged", and his descrip
tion remains a classic account of a severe case. The entity was associated 
with a characteris~ic clinical picture and pathologic findings by Horton, 
Magath, and Brown,3 who added to the description the appearance of remissions 
and relapses in the course of the illness, emphasized the prominence of head
ache and difficulty in chewing, and concluded, correctly, th&t the disease 
was a focal expression of an unknown systemic disorder. 

Temporal arteritis is related to autoimmune diseases and is classified 
as a collagen vascular disease. Immunoglobul:l.n abn_onnalit.:!,es in this con
dition have been reported, and there is evid2nce that antigen-antibody com
plexes are formed. 4 The true incidence of the condition is not known, but 
an average annual rate of 3/100,000 has been suggested. Women are affected 
four times mo~e often than men.~ The recognition of milder variants of the 
condition suggests it is probably more frequent than originally suspected. 

Although originally the disease was thought to be confined to the ter.ip
oral arteries and its branches, it was soon recognized from pathologic studies 
that other blood vessels, including the aorta and its branches, may be invol
ved, causing death from rupture of an aortic aneurysm or from cerebral 
infarction. However, widespread involvement of vessels may not be clinically 
apparent.6 Because lesions in the blood vessels contain multinucleated giant 
cells, the condition is also termed, "giant cell arteritis." 

Blindness can be a feature of temporal arteritis, and other distur-
bances of the visual system, including ophthallllOplegia, may occur. The close 
relationship between temporal arteritis and polymyalgia arteritica was first re
cognized when temporal artery biopsies from patients with the latter condition 
frequently showed characteristic findings of temporel arteritis. 7 The success
ful treatment of temporal arteritis and the prevention of deterforation of 
vision with steroids was first reported by Chavany and Taptas,8 but no con
trolled double-blind crossover study of their effectiveness has been repo~ted. 

MINIMUM CRITERIA FOR DIAGNOSIS 

The cause of temporal arteritis is unknown, but its clinical signs are 
fairly characteristic and are often localized to the distribution of the 
carotid artery and its branches. Unfortunately, patients rarely seek medical 
care before the onset of headache, which is usually the most prominent symp
tom. The headache becomes acute within a few hours of its appearance, and 
may be unilateral or bilateral. The patient can clearly differentiate this 
pain from ordinary headaches. The pain is easily localized to the scalp over 
the temple and can be distinguished from pain arising io other strut:tures 
about the head or within the cranium. The headache is intense and 
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boring, occasionally stabbing, along the course of the temporal vessels. 
Pain and tenderness of the scalp may be so intense that sleep is impossible 
and the patient has to spend the night sitting up in bed.9 Though typical 
clinical manifestations are easily recognized, patients with nonspecific 
headaches may have symptoms attributed to tension or depression, which 
prove on further P.Xamination to be due to temporal arteritis. Some patients 
have discanfort on opening the mouth, pain and stiffness in the region of the 
temperomandibular joint on chewing, or so-called intemittent claudication of 
the jaw, and increasing tiredness during the progress of the me3l. Pallor, 
wasting, and loss of weight may be present. Muscle pain and joint discomfort 
in other parts of the body, notably in shoulders and s01Detimes in the neck 
and hipa, may be present during the early stages of headache. Occasional 
patients seek medical attention because of depressive episodes, or complain 
of dyspepsia, fever, and night sweats. Blood vessels supplying the central 
nervous system may be involved, giving rise to symptoms which depends upon 
the area rendered ischemic by the disease. 

A great variety of neurologic ~anifestations may be presenting symptoms 
of tempQral arteritis, including delirium, hemiplegia, clinical signs due 
to involvement of the brainstem or eighth nerve, and even transient diabetes 
insipidus.10 Some patients may show thinning of the hair at the temples, 
but it is not clear whether this is an ischemic phenomenon or due rather to 
the patient's constant rubbing because of discomfort. Red nodules of the 
temple regions may be noted, the patients often calling them varicose veins. 
Rarely, gangrene of the scalp has been reported.11 Tenderness over the 
temporal arteries is found at some stage in almost every patient. 

Acute transient ophthallnomalacia in temporal arteritis has also been 
reported.13 In this condition, bilateral corneal edema occurs due to 
ocular hypotension. Vision is greatly impaired but may return to normal with 
appropriate treatment. In some patients, visual field defects remain after 
treatment. The ophthalmomalacia has been attributed to involvement of the 
long ciliary arteries. In 50% of patients with confirmed temporal arteritis, 
visual failure developed due to involvement of the posterior ciliary or other 
branches of the ophthalmic artery, giving rise to ischemia of the optic nerve. 

Visual involvement may be preceded by episodes of transient blurring of 
vision, but more usually, visual loss is abrupt in onset and first noticed 
on awakening in the morning, presumably related to a sudden change in posture. 
Paradoxically, the loss of vision may herald a lessening or even total dis
appearance cf headache. The visual impairment is ~ften described as a mist 
or a dark veil over part of the visual field of one eye which, within 12 to 
24 hours, becomes dense until all light perception is lost. Only rarely 
does visual deterioration occur over several days. 9 

Ophthal.moscopy soon after the onset of visual symptoms may be normal, 
but within one to two days, edema of the optic disc may be present. Hemor
rhages and exudates have also been observed. As a rule, however, the visual 
loss is much greater than the ophthal.moscopic findings suggest. Examination 
of the viaual fields may show all degrees of impairment to complete blindness. 
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Occasionally, edema of the retina may be seen, the involved area corres
ponding to the extent of the visual field loss. The retina usually is shiny 
and pale and less distinct than normal. The optic disc shows edema or appears 
yell'JWish with considerable blurring of the edge. A cherry red spot has been 
reported in the macular area in severe eye involvement. The blood vessels of 
the retina, particularly arterioles, are thinned, with little blood flowing 
through them, and the affected area may show narrowing of vessel caliber. 
Distention of retinal veins, with beading and irregular fragmentation, has been 
observed. After some weeks of visual impairment, the retina may again be 
normal in color and texture, and the vasculacure may return to normal caliber. 
The cherry red spot may disappear. Occasionally, arteries will be attenuated 
for months. The disc may remain pale and waxy, indicative of optic atrophy. 
In a study of 23 badly affected eyes, only two regained useful vision and 13 
remained completely blind. 9 

Laboratory diagnosis is nonspecific, but the most useful test is the 
erythrocyte sedimentation rate (ESR). Almost always the ESR is elevated, al
though initi&lly it may be normal and there have been patients with biopsy
proved disease without elevation. 14 

There is a hypochromic anemia in most patients, but bone narrow aspi
rates show normal red cell maturation. The anemia is usually refractory to 
iron therapy. Occasionally, a slight increase in white cell count has been 
reported, but most patients do not have leucocytosis or eosinophilia. Coagula
tion studies and platelet counts are normal. Serum albumin may be decreased 
in chronically ill patients, but the rest of the serum proteins and globulin 
are usually normal. Sometimes serum protein electrophoresis shows an elevated 
alpha-globulin. Slightly increased CSF protein has been reported in an 
occasional patient. Immunologic investigation may show significant titers of 
capillary reactive IgG in patients with temporal arteritis and in those with 
polymyalgia arteritica, even though arteritic symptoms are net present.IS 
This is a nonspecific finding which also has been reported in rheumatic diseases, 
scleroderma, systemic lupus erythematosus, and polymyositis. 

The diagnosis of temporal arteritis depends upon the finding of inflam
matory cells in the temporal artery wall on biopsy. In 560 temporal artery 
biopsies, other processes which might lead to ischemia of optic nerves were 
found. But these did not show the characteristic inflammatory changes and were 
instead attributed to atherosclerosis. Plasma cells, macrophages, and 
lymphocytes .:re usually present within the .arterial wall, and eosinophils are 
found in at least half of the specimens, but polymorphonuclear neutrophils 
are not common. The entire thickness of thn vessel wall is usually involved, 
but in some biopsies no evidence of medical or adventitial infiltration occurs. 
The intima usually shows fibrous tissue proliferation, but this again is n0t 
specifi~ and may be seen in biopsies from elderly natients without temporal 
arteritis. Characteristically, multinucleated giant cells are present, and 
they tend to aggregate in the disintegrated internal elastic lamina. 
Occasionally, these cells contain calcified elastic fibers within their cyto
plasm. Fibrinoid necrosis is not a feature of temporal arteritis as it is 
in other arteritides. 
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The characteristic pathologic changes of temporal arteritis are not 
usually found in biopsies from patients whose visual disturbances result 
from lesions of the peripheral branches of the ophthallllic artery. Patho
logically, it may be difficult to distinguish between a healed arteritis 
and degenerative changes due to age, a difficulty which is often com
pounded by steroid treatment preceding biopsy. Sometimes a histologic 
diagnosis is impossible. Isolated foci of arteritis ("skip lesions") may 
occur, so that if only a small segment of temporal artery is removed at 
biospy, this may be normal, whereas adjacent parts not examined may show 
characteristic evidence of disease. By examination of serial sections from 
temporal arteries frCIID patients, minute skip lesions (3G mu in length) be
came apparent in otherwise classic biopsy specimens. It is, therefore, 
emphasized that long segments of artery should be removed and multiple his
tologic sections examined before a definitive diagnosis is made.16 

Because of the close relationship of polymyalgia arteritica totem
poral arteritis, additional diagnostic aid might be obtained by muscle 
biopsy, particularly if the clinical picture is suggesti.re, the ESR high, 
and the temporal artery biopsy not conclusive. 

Ligation of the temporal artery prior to removal may be contraindicated 
in the elderly, because of the possibility of widespread atherosclerotic 
involvement and because an actual or potentially important collateral channel 
for blood supply to the brain could be obliterated by the procedure. With 
sophisticated histochemical techniques muscle involvement in polymyalgia 
arteritica can be differentiated from that of rheumatoid disease or polymy
ositis.17 

OTHER CRITERIA FOR DIAGNOSIS 

Temporal arteritis is a common disorder which should be suspected in a 
patient over 50 years old whose headaches are of recent onset or have changed 
in quality or location. If patients also have unexplained anemia, temporal 
artery biopsy is indicated, particularly if the ESR is elevated. 

RELEVANT DIAGNOSTIC PROCEDURES 

The clinical presentation of temporal arteritis may be so varied and 
unrelated to involvement of the arteries themselves that only continuous 
vigilance can assure early diagnosis and treatment with consequent preven
tion of serious sequelae. When the diagnosis is suspected, careful history 
and examination may support the suspicion, a."ld a temporal artery biopsy 
and/o-r: w.uscle biopsy should ~ ca-i:-ci.ed out. Biopsy is justified even 
though the arteries are clinically normal. 

If the clinical picture and the focal nature of the disorder are appre
ciated, the diagnosis of temporal arteritis will not easily be discarded 
even if the biopsy is negative. Further help in diagnosis, when necessary, 
may be obtained by joint imaging with technetium pertechnate. Joint scinti
grams were abnormal in a large proportion of patients with polymyalgia 
arteritica. In these patients the joints showing abnormal uptake were 
the shoulders, often asymmetrically affected, in contrast to the pred:mi
nantly symetric increased distal joint uptake in rhewnatoid arthritis.18 
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Treatment 

Corticosteroid (prednisone) treatment for temporal arteritis produces 
dramatic improvement in systemic s}'lllptoms, usually within 72 hours, and the 
ESR should be normal in a week. Headache, scalp tenderness, and intermittent 
claudication of the jaw usually improve, and deterioration of vision, if not 
Present at the start of treatment, will not occur. Treatment is best started 
with 100 mg of prednisone daily inimediately upon diagnosis. 

When headache and systemic symptoms are controlled and the ESR is normal, 
the prednisone dose may be lowered. Titration of steroid dose depends upon 
maintenance of normal ESR and clinical well-being. Return of headache or 
constitutional symptoms suggests the need for increasing the prednisone dose 
until symptoms are controlled again. Attempts to gratlually withdraw steroid 
therapy should be made after about eight months. In those with impaired vision, 
however, a small daily dose of prednisone for another year is recommended.6 

PROGNOSIS RELATIVE TO SUDDEN OR INSIDIOUS INCAPACITATION 

Satisfactory return to health occurs in most patients if they are ade
quately treated. On occasion, weight loss, fatigue, muscle weakness, joint 
pains, and headache persist for several months but eventually resolve. 

MEDICAL TI!ERAPY AFFECTING PERFORMANCE, INCAPACITATION AND PROGNOSIS 

Improvement in vision cannot be expected after commencement of treatment, 
though progression of visual dysfunction does not usually occur in those 
on adequate therapy. Pulsation of arteries may return. If the patient has 
been symptom-free without steroids for at least one year, recurrences are not 
expected. In a small number of patients the disease progresses though ade
quately treated, and complications result frOl!I arterial occlusion and ischemia 
or disturbances of muscle and joint function. Occasionally, crippling muscle 
weakness, back pain, involvement of peripheral and cranial nerves and skin, 
and ischemic episodes affecting the viscera occur. In some patients, the dis
ease is so far progressed when diagnosed that steroids do not arrest progression, 
and death ensues.19 

'RECOMMENDATIONS FOR MEDICAL CERTIFICATION 

Patients with active temporal arteritis should not be issued air medical 
certificates. Even if having adequate treatment and being in cOlllJ)lete re
mission, they should not have certification until they have been symptom-
free and have had a normal ESR for at least one year after cessation of steroid 
therapy. The same criteria apply to those with pclymyalgia arteritica alone, 
in whom concomitant histologic evidence of temporal arteritis has not been 
obtained. 

TENSION HEADACHE (SCALP MUSCLE CONTRACTION HEADACFE) 

ACUTE TENSION HEADACHE 

l MINIMUM CRITERIA FOR DIAGNOSIS 

Acute tension headache is the most cODDDon type of headache. Few are spared 
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this condition, but the majority suffer from only transient pain which may 
be effectively treated by the patient. A percentage of patients, hc~ever, 
have prolonged, intolerable, and incapacitating pain resulting in disrup-
tion of work capability and other diffic1Uties. In headache clinics, about 
50% of patients suffer from tension headache. It is well recognized that vas
cular headaches can occur in individuals with tension headaches. 

~e acute type of ,nusc1.e cont-ractiot\. headache occu-rs du-ring periods of 
emotional, physical, or other stress, is usually dull and not throbbing, 
may be occipital, spreading frontally or more generally, and may last one to 
four hours. Self treatment with analgesics, alcohol, and reduction of stress 
is usually adequate. 

If the acute headache pain persists, it may increase in int~nsity and 
become throbbing, a change attributed to secondary vasodilatation of cranial 
arteries. Once the pain is throbbing, alcohol usually aggravates it, and 
ergot preparations are not very effective. 

MEDICAL THERAPY AFFECTING PERFORMANCE1 INCAPACITATION AND PROGNOSIS 

This headache is best treated with simple analgesics. 

EFFEC'l' OF STRESS OR OTHER STATES REL.~TING TO PROBABILITY OF INCAPACITATION AND 
PROGNOSIS 

Acute tension headache may be precipitated by emotional factors, repressed 
anger, rejection, worry, excitement, prolonged mental concentration, boredom, 
or excessive accommodation("eye strain"), or by prolonging abnon,al positions 
of the neck, 

This type of headache should not disqualify from 

CHRONIC TENSION HEADACHE 

MINIMUM CRITERIA !OR DIAGNOSIS 

airman certification. 

This type is characterized by dull pain, may be present constantly for 
mcntbs or years, and js usually bilateral. The pajn may be frontal or occi
pital, generalized or band-like, and acc0111panied by posterior pain in the cer
vical region and by an exacerbation of discomfort on extending the neck. The 
patient almost always COlllplains of awakening daily with headache, and the 
severity increases as the day progresses but diminishes towards evening. 
Occasional changes to a throbbing ache, with associated nausea, photophobia 
and intolerance to sound, suggest a vascular component. Sometillles the nausea 
may be due to medication rather than to the headache. Most patients with this 
type of headache are !.abituated to one or mo~e analgesics or narcotics. De
pre5sion ts frequently found and is a useful sign in assessing the nature 
of the pain. A large proportion of patients tested on the Zung Self-rating 
Depression Scale had scores consistent with depressicn. 20 A number of studies 
report repression and dependency characterize these patients. 
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OTHER CRITERIA FOR DIAGNOSIS AND RELEVM'T DIAGNOSTIC PROCEDURES 

There are no helpf~l diagnostic procedures in this condition except care
f~l clinical exami~ation, including extensive neurologic testing and exclusion 
of underlying conditions which :night mimic tension headaches. It generally 
may be safely assumed that if headaches have been present for years withou~ 
change in character, and if the patient wakes in the morning with rhe h~aa
ache but is not wakened by it: during the night, they are likely to .,e of the 
chronic tension variety. Diagnostic errors may be avoided in the few cases 
of doubt by appropriate special radiologic examinations, including CT scan. 

MEDICAL THERAPY AFFECTING PERFORMANCE AND INCAPACITATIO!. 

In chronic tension headache, analgesics should not be given. Although 
they may reduce the pain initially, they tend to lead tc habituation, tolerance, 
and rebound headache upon cessation of therapy. The use of tranquilizers is not 
indicated because exacerbations in the headaches m&y occur. Physical measures, 
such as exercises of neck muscles, heat packs, or traction vi.th massage may in
crease muscle cont~act:ion ~nd worsen the headaches. Psychotherapy has not been 
useful. Biofeedback training using electrOl!lyography signals from the patient's 
neck or scalp muscles has been reported to be useful, but other studies suggest 
its effectiveness is due to the placebo effect. Many reports of success using 
tricyclic antidepressants have appeared. 

STRESS, INCAPACITATION AND PROGNOSIS 

The role of physical or mental stress in triggering or exacerbating tension 
headaches, and ~he frequent abuse of analgesics and other psychotherapeutic 
drugs by patients, make it undesirable for lllea!cal certificates to be issued to 
patients who suffer from chronic tension headache. Though sudden incapacitation 
is unlikely, the interference with alertness and reflex functioning caused by 
chronic drug use should disqualify pilot applicants. 

The prognosis for recovery from chronic tension headache is poor, but 
sudden or insidious incapacity should not occur unless the headache is related 
to chronic drug use. 

CONVERSION HEADACHES 

This type of headache is characterized by bizarre pain in unusual sites, 
with severe nonthrobbing and sometime discontinuous pain which is quite 
different from tension headache. The pain awakens the patient from sleep, 
may be gene.ralized or stabbing through the head, and may be described in un
usual terms. The patients use analgesic and narcotics heavily, often ,re de
pressed, and usually are unable to continue their occupations, vhicb leads 
to a long history of unemployment. 

Conversion headaches may be differentiated from post-traumatic headaches 
by lack of an antecedent hist~ry of trauma. It should be noted, however, 
some patients with pest-traumatic headache later may develop conversion :eatures. 
The preponderance of females with conversion headaches is noteworthy. There is no 
response to tricyclic antidepressants, and abuse of narcotics and analgesics is 
widely prevalent. Patients with conversior headaches respond poorly to any treat
ment and not at all to physical measures or biofeedback. 
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Recommendations for Medical Certification 

Conversion headaches are so incapacitating and abuse of drugs so wide
spread that medical certification should be denied. The likelihood of sudden 
incapacitation in patients with conversion headache is remote, but the com
plications of chronic drug intake and the lnability to cope with situations 
requiring alertness disqualify such patients from being in command of aircraft. 

ALTITUDE HEADACHE 

Headache is a prominent feature of all forms of mountain sickness. 
Altitude headache is unusual below altjtudes of 8,000 feet and appears with 
increasing frequency at higher elevations. Above 12,000 feet, this type is 
universal in nonacclimated subjects and causes serious discomfort to mountain 
climbers and other mountain people. Pilots in nonpressurized a1rcraft may 
be susceptible if they are not acclimatized. 

The pathogenesis of mountain sickness is t,ot fully understood, and the 
same is true of headache which accompanies that illness. The headache is 
not the immediate result of hypoxia alone, because it takes 6 to 96 hours 
after arrival at the higher altitude before this disabling symptom appears. 
Moreover, it and other symptoms of acute mountain sickness are not easily 
relieved by giving oxygen to the subject at high altitude. The headache 
has been attributed to vasodilatation or brain adema, and evidence exists 
that both mechanisms are involved. 

Altitude headache is throbbing and usually generalized, although it may 
be predominantly frontal. It is aggravated by exertion, coughing, straining, 
a sudden jolt to the head, and lying down. Frequently, it is temporarily 
alleviated by the intake of cold fluids, although paradoxically at sea level, 
the ingestion of cold food may cause headache. Carbohydrates may have a bene
ficial effect. The severity and nature of an altitude headache in any in
dividual are usually similar on re-exposure. 

While clinical features suggest vasodil2taticn may be involved in altitude 
headache, evidence for increased intracranial pressure has also been found. 
Papilledema and retinal hemorrhages were observed in mountaineers, and lumbar 
puncture done during altitude exposure showed increased cerebrospinal fluid 
pressures above values folJ.nd at low altitudes in the same subjects. 

Acute mountain sickness outlasts a relatively brief exposure to altitude 
by hours, and the personality, motivation, and variable individual thresholds 
for pain are important in determining the severity of the illness.22 Recent 
observations in the Himalayas hav~ shown that altitude illness and retinal 
hemorrhages were related to previous altitude exposure rather than to acclima
tization alone. Climbers who previously attained altitudes of 18,000 feet 
or more, though no longer acclimated, were less likely to develop severe 
altitude illness on re-exposure than those who reached those altituces for the 
first time. Thus, there appears to be a 11carry over 1 effect which protects 
against altitude illness and headache in those with past high altitude exposure. 
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Focal neurologic deficits may appear with severe altitude illness. 
posure to altitude of persons with mi~raine frequently leads to the aura 
or to full blown attacks of migraine. 3 

Recommendations for Medical Certification 

Ex
alone 

The occurrence of altitude illness and headache in unacclimated normal 
subjects should not be a cause for denial of medical certification. The de
lay of 6 or more hours in the appearance of altitude illness after exposure 
makes it unlikely this condition would interfere with operation of an aircraft 
for brief periods at altitudes normally inducing mountain sickness. 

In persons with migraine, who may have neurologic deficits on altitude 
exposure as part of their aura, altitude-induced migraine attacks should dis
qualify from certification. Precipitation of migraine attacks by altitude 
exposure occur within minutes after altitude exposure. 

EXERTIONAL HEADACHE 

Exercise in the absence of high altitude exposure may lead to headache. 
Three varieties of heada~he are known to be related to effort: acute effort 
migraine after a short burst of activity; effort migraine with prolonged 
exercise; and headache accompanying physical activity, irrespective of the 
amount of effort expended, or "exertional headache." 

Acute effort migraine was first described by Jokl, 2'• who observed the con
dition in himself. Acute effort migraine occurs after short bursts of intense 
effort, especially when associated with excitement. Many cases of acute 
effort migraine were observed in highly trained individuals at the Mexico City 
Olympic Games (elevation 7,000 feet) in 1964. In this setting, altitude con
tributed ddditional stress which precipitated the attacks. Clinically, 
scotomata appear immediately after exertion, hyperventilatiryn and nausea 
follow within a few minutes, and severe pulsatile, retro-orbital, unilateral 
pain indistinguishable from migraine is usually present. The pain may last 
an hour or so, but there may be several attacks after repeated competition~ 

Prolonged noncompetitive exercise may be associated with vascular head
ache, usually in individuals who are dehydrated with excessive heat load anci 
hypoglycemic. This headache is also aggravated by altitude. In well trained 
athletes, headache of this type is extremely rare. Effort headache following 
prolonged exercise is increasingly noted by devotees of physical fitness pro
grams after long exertion for which they are not yet trained. The pain is 
~sually intense, sometimes occipital or frontal; there may be nausea, although 
no vomiting is present at the onset, and focal neurologic disturbance does 
not occur. The condition is benign and not likely to recur with repeated ex
ertion, provided endurance improves and dehydration, alcohol intake, excessive 
heat load, hypoglycemia, and unaccustomed altitude are avoided. 

In some individuals, exertional headaches occur repeatedly with any 
activity. This type of pain is less often purely vascular. It is usually 
occipital and throbbing, and nausea may be present. Focal neurologic signs 
are not found, and the pain is alleviated by support of neck muscles. Marked 
aggravation of pain occurs with increased effort and neck movement, and the 



headache may remain for hours after cessation of physical effort. Ordinary 
analgesics taken before anticipated exertion and endurance training are 
usually preventive. 

Recommendation for Medical Certification 

Headache associated with exertion of any type should not disqualify from 
airman medical certification. Incapacitation of a sudden nature with this 
type of headache is unlikely, and the headache can be avoided if the pre
cipitating factors ~re recognized. 

HEADACHE ASSOCIATED WITH SEXUAL ACTIVITY 

Sexual activity may be associated with excruciating headache of sudden 
onset. The severe headache at the time of orgasm (orgasmic cephalgia) can 
cause considerable anxiety, because subarachnoid hemorrhage has occurred 
during sexual excitement. Orgasmic cephalgias, however, are usually benign. 

Headache may occur at the time of mounting sexual arousal, and clinically 
it is similar to scalp muscle contraction headache and presumably due to vaso
constriction and contraction of muscle. A pu.rely vascular headache, usually 
severe and throbbing, may occur suddenly at the height of orgasm. The head
ache is related to physiologic responses associated with sexual activity, 
which are mediated through the nervous system. The physiologic responses re
sult in hypertension, vascular congestion, and increased muscle tension.25 

Orgasmic cephalgia may occur in persons of both sexes, but usually it 
does not recur with each coital event of the patient. The headaches are not 
related to sexual techniques but are more common during illicit activity and 
with additional stress, such as altitude. Headache during sexual arousal is 
different from exertional headache, and patients who have both types can dis
tinguish between the two. 

Orgasmic cephalgia is similar to headache in patients with pheochromocytonas. 
In both conditions, there is an increase in heart rate and blood pressure which 
may reach very high levels. The sudden increase in blood pressures cause 
cerebral vasodilatation and pain. This pain, if experienced at altitude, may 
continue for days in unacclimated subjects. 

The inconsistent occurrence of orgasmic cephalgia may be the result of 
variability in arousal and blood pressure rise. Orgasmic cephalgia is not 
usually associated with vomiting. If vomiting occurs, it is an indication 
for extensive neurologic investigation. Some patients with orgasmic cephalgia 
do vomit; angiography, neurologic examinations and long term follow-up in 
such patients failed to show serious disease. 26 Treatment with B-blockers is 
usually curative. 

Recommendation for Medical Certification 

Orgasmic cephalgia should not be cause for denial of medical certification 
of pilots. Sudden incapacitation is unlikely, and attacks may be avoided through 
abstinence before anticipated flights. 
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ICE CREAM HEADACRE 

This headache can occur in anyone with prolonged cold eJq>osure of the 
palate. Some individuals, however, are particula1ly sensitive and the short 
stimulus can cause intense pain. Ice cream headache is usually on top of the 
head, but sometimes midfrontal or behind the ear. Cold in the esophagus or 
stomach does not cause the headache. Migraineurs are more susceptible to ice 
cream headache, and their susceptibility to symptomatic orthostatic hypoten
sion suggests that ice cream headache may also be vascular. 27 

Other foods have been implicated in the genesis of migraine, Monosodjum 
glutamate and sodium nitrite affect blood vessels directly, and jt is possible 
that these food triggers do so through their vasoactive constituents. "The 
Chinese Restaurant Syndrome" is attributed to monosodium glutamate. Its 
occurrence depends on susceptibility, pain threshold, dose, and the setting 
in which the substance is taken. A precipitating factor, in normally resistant 
subjects, is Chinese soup taken on an empty stomach, which may cause more rapid 
absorption of the monosodium glutamate. The Chinese Restaurant Syndrome is 
characterized by intense flushing procordial chest pain, and pulsating severe 
headaches. Subjects may feel a tingling in the arms and chest and often a sense 
of impending doom, Though controversy about the genesis of dietary migraine 
exists, there is no doubt that experimental administration of tyramine together 
with monoamineoxidase inhibitors produces headache and hypertension in other
wise normal subjects. 

"Hot dog headache" has been attributed to sodium nitrate in cured meats. 
This substance is vasoactive and can cause skin flushing also. Hot dog head
ache is due to the action of sodimn nitrite on the vasculature, but it might 
also be mediated through platelet aggregation~ which could be the final common 
pathway in the genesis of dietary headaches.2~ Hot dog headache is characterized 
by bitemporal, sometimes nonthrobbing headache, which may appear within minutes 
after eating cured meat and lasts several hours. Facial flushing can occur 
concomitantly. 

After excessive alcohol intake, hangover headache occurs. This is due 
to the direct vasodilatory effect of alcohol. Factors which aggravate this 
headache are increased pulsatile excursions of extracranial vessels induced by 
exercise or the migrainous diathesis. Alcohol may then lead to a migraine 
attack. A number of industrial solvents, glues, and fixatives also can cause 
severe headache. For example, laboratory personnel using osmic acid, who are 
also migraineurs, are susceptible to headache which may begin at contamination 
levels usually insufficient to induce headache in otherwise normal individuals, 

Vasodilatation and increasec intracranial vessel pulsations perhaps aggra
vated by sudden rise in blood pressure, are causes of headache during fever, 
lack of oxygen from any cause, after seizures, and during excessive carbon mono
xide exposure. Headache may be a symptom of acute or chronic hypercapnia, but 
in this case brain edema because of long-standing cerebral vasodilatation may 
aggravate the pain. The incidence and magnitude of the problem of hypercapnia 
headache has not been fully assessed. 
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The vascular mechanism in these headaches is similar to that with 
histamine, which upon injection causes vasodilatation in all vascular beds. 
The systemic vessels, however, contract causing a rebound elevation blood 
pressure, which induces large amplitude painful pulsations of the still 
dilated cerebral vessels. If at the same time cerebrospinal fluid pressure 
is experimentally increased sufficiently to dampen the pulsations, the head
ache is temporarily relieved. If pulsations of only the scalp vessels are 
decreased, no improvement in headache occurs, which shows intracranial 
vasculatcre as the source of pain in these headaches. 

In some migraineurs the transient changes in intracerebral vessel caliber 
and pulsations are precursors of migraine attacks. These attacks have been 
attributed to hormonal agents released into the circulation during blood pre
ssure changes induced by histamine and other similar vasocative triggers.29 

Recommendation for Medical Certification 

Pilot medical certification should not be withheld in otherwise normal 
individuals who have experienced food related headaches. However, migraineurs 
with severe focal neurologic deficits during auras, when attacks may be trig
gered by vasoactive substances or anoxia, should not be medically certified. 

CLUSTER HEADACHE 

MINIMUM CRITERIA FOR DIAGNOSIS 

Cluster headaches are severe unilateral headaches. They have a tendency 
to recur on the same side and predominate in males, in whom the prevalence is 
four times greater than in females. There is usually no prodrome, but occa
sionally some burning sensation in the forehead is present prior to onset of 
pain. Only rarely Jo prodromes occur, which include visual scotomata of very 
brief duration, hemisensory lossi or weakness. Occasionally~ aphasia may b~ 
present during the prodrome. 

In cluster headache, there is rapid onset of severe unilateral pain. 
The headache is relatively short, lasting minutes to one or two hours, rarely 
more. Examination shows dilated extracranial vessels with prominent pulsations. 
Autonomic disturbances accompanying the headache are flushing of the face. 
blocked nose with rhinorrhea, and tear secretion. There may be an injected 
conjunctiva on the side of the pain. Salivation and sweating, or an ipsilateral 
Horner's syndrome, ~ay be observed. The Horner's syndrome may persist be-
tveen attacks. There is a tendency for attacks to occur at night related to 
the REM sleep phase. Cluster attacks also can be precipitated by short naps 
and are induced by alcohol ingestion, nitroglycerine, histamine injection, 
tyramine, ;end emotion. Such triggers usually are effective only during a 
cluster period and not during headache-free intervals. 
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In contradistinction to migraineurs who tend to lie quietly and avoid 
movement during pain, cluster headache patients pace the floor and engage in 
bizarre behavior or hysterical activities. The attacks may begin during the 
teen years, and they tend to come in clusters of as many as 10 to 15 head
aches per day for several months. Thereafter, inexplicable periods of com
plete freedom tuay appear, which as a rule are followed by recurrences without 
obvious reason. Some unfortunate ind;viduals have no remissions and may have 
chronic cluster headache. 

It is believed cluster headaches tend to recur after a period of stress 
during the "letdown" phase. Drugs which are effective in the treatment of 
migraine are also useful for cluster headaches and include ergotamine prepara
tions, methysergide, propranolol, and steroids. Daily ergotamine administra
tion may be indicated until the cluster is over. For chronic cluster head
ache not responsive to other medications, lithium carbonate has been found to 
be effective.30 

Compared to migraineurs, cluster headache patients have biochemical and 
physiologic differences. The drop in blood serotonin level which is thought 
to be common in classic or corranon migraine does not occur in cluster headaches. 
An increased blood histamine level has been found by some investigators in 
cluster patients but not in migraine patients. Increased intraocular pulsa
tions occur during cluster attacks but not in migraine. The reasons for these 
differences are not clear, but they tend to support the view that cluster head
ache is pathogenetically different from migraine, though clearly related to 
abnormal neurovascular function. · 

Psychological studies of cluster headache patients have shown them often 
to have hysterical personalities, increased dependency need, and excessive 
response to pain. Though outwardly they appear manly, they seem to have rather 
weak personalities. Masculine appearance is also noted in the occasional 
woman with cluster headache.31 

OTHER CRITERIA FOR DIAGNOSIS 

Cluster headache patients have high rates of gastric acid secretion, and 
perhaps 25% may have symptoms of peptic ulceration. Occasional patients have 
secretion rates similar to those observed in the Zollinger-Ellison syndrome, 
and some have been found to have polyps of the duodenum. 

MEDICAL THERAPY AFFECTING PERFORMANCE,INCAPACITATION AND PROGNOSIS 

The treatment of the acute cluster attack is with ergotamine pre?ara-
tion, preferably given parenterally or rectally. Sublingual tablets are 
very effective in those who do not hav~ immediate access to injections or 
suppositories. So~e patients get relief from exercise,32 or from breathing 
oxygen for 15 minutes or more. In severe acute attacks, intravenous administra
tion of diazepam or pentobarbital in large doses may be effective. Narcotics 
should be avoided. Many patients with cluster headache have known cardio
vascular disease. Therefore the administration of ergot preparations may be 
contraindicted. 
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Prophylaxis for cluster headache includes ergotamine preparations but 
these should not be administered over long periods. Many patients can be 
treated wtth methysergide, if appropriate precautions are taken against its 
side-effects. Propranolol has also been found useful, and some patients re
quire large doses for successful prophylaxis. In patients with chronic c'us
ters resistant to other medications, lithium carbonate is useful. Patients 
using this therapy may, upon withdrawal, experience rebound phenomena with 
severe.cluster headache, or may develop a headache different from cluster in 
type, termed "lithium headache." The side effects of lithium, though minor, 
may be incapacitating in some individuals, but they are tolerated in most for 
fear of recurrences of the pain. 

Cluster headache must be distinguished from tic doloureux and migraine. 
The distinction from tic is based mainly upon the short duration of the pain 
and the presence of trigger zones in!!£, and the longer pain and the accom
panying automomic phenomena in cluster headache. lfigraine may be difficult 
to differentiate from cluster, because migraineurs may have consistently 
unilateral pain like cluster headache patients; however, the usual absence of 
an aura, and the great intensity of pain and the agitation of the patient, 
distinguish cluster from migraine. 

Recommendation for Medical Certification 

Medical certification should not be issued to patients with frequent 
bouts of cluster headache and to those with chronic cluster headaches. Patients 
who have been free of clust~rs without prophylactic medication for at least 
two years may be granted medical certification, provtded that flying stress 
does not induce cluster headache, The effect of altitude as a trigger for 
cluster headache is not known. It is unlikely that a first attack of cluster 
will impair function of a pilot in command of an aircraft. 
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TRIGEMINAL NEURALGIA 

MINIMUM CRITERIA FOR DIAGNOSIS 

Trigeminal neuralgia, or!.!£ douloureux, is an episodic syndrome charac
terized by paroxysmal pain, which begins without warning in a specific location 
of che face and builds up in a crescendo manner to an intolerable degree be• 
fore waning, only to recur again. The pains occur spontaneously and also may 
be triggered by various stimuli, such as a light touch on the face, biting, 
chewing, shaving, and sudden changes in temperature ryf substances taken into 
the mouth, but not swallowing. 

The typical pain of trigeminal neuralgia can be described as lancinating, 
spontaneous, sudden in onset, instantaneous, and repetitive. The condition 
often occurs in individuals over the age of5O1 and, if present in a younger 
person, the differential diagnosis must include other conditions, of which tri
geminal neuralgia is a symptom. 

The pain occurs in one or two of the three divisions of the trigeminal 
nerve as it is distributed over the face, most often in the secon·' and third 
divisions. If the first division is involved, the second and possibly the third 
division may also be affected concurrently. There may be radiation of pain 
along the course of the nerve, either centripetally or centrifugally. Be
tween attacks of pain, the patient is free of discomfort or may experience a 
dull residual ache of much less intensity. The pain affects one side of the 
face, although a small percent of patients may have pain on both sid~s, but 
not simultaneously. Bilateral pain tends to occur in certain families,2 and 
in women more than rnen,l and suggest brain stem disease.2 

OTHER CRITERIA FOR DIAGNOSIS 

Diagnosis of idiopathic trigeminal neuralgia depends upon the patient's 
history and the anatomic distribution of the pain. Sensation on the face is 
usually intact to objective measurement of pinprick and light touch, but more 
extensive testing may reveal slight ~ensory impairment on the face in occa
sional patients. Movements of the jaw muscles supplied by the motor divisions 
of the trigeminal norve are normal. Corneal reflexes are intact. Other signs 
of brain stem function are also normal. 

If one finds sensory deficits over the face, other abnormalities in cranial 
nerve function, brain stern abnormalities, or cerebellar dysfunction, then the 
facial pain involving the trigeminal nerve distributioa must be considered 
symptomatic of so:ne other underlying condition. In such instances, it is appro
priate to refer to the trigerninal neuralgia as "symptomatic trii,;eminal neuralgia." 

RELEVANT DIAGNOSTIC PROCEDURES 

Incapacitation of the patient with idiopathic trigeminal neuralgia is due 
to pain. The incapacitation is gradually progressive and is brought on by the 
fatiguing effects of chronic pain, which rob the patient of sleep anrl interfere 
with alimentation. Attention is focused upon fearful anticipation of the recurr
ence of the next attack, thereby eliminating any creative effort and most attempts 

---·-·-
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at prolonged mental concentration. The patient may become depressed, desperate, 
and even suicidal after several days of recurrent episodes of lancinating facial 
pain. The attack usually subsides gradually, reversing the mode of its onset. 
Although the episodes of shooting pain are intensely distracting, the patient 
remains fully conscious and retains full voluntary control of his motor acti
vity at all times. 

"Symptomatic trigeminal neu::-algia" points to serious underlying disease 
of the nervous system. The prognosis is definitely affected when trigeminal 
neuralgia symptoms are associated with multiple sclerosis, brain stem tumors, 
and aneurysms. Each patient with symptomatic trigeminal neuralgia should have 
a meticulous neurologic examination for sensory loss, facial weakness, cere
bellar signs, and pupillary inequality. Appropriate investigations should be 
done to elucidate the meaning of the neurologic findings. 

If the patient has symptomatic trigeminal neuralgia, the neurologist should 
be alert to the possibility these symptoms may be an initial attack represen
ting the early stages of periapical tooth abscess, obstructed nasal sinus, 
or similar condition. Painful dental conditions do not by themselves produce 
the clinical picture of true trigeminal neuralgia. However, in some patients, 
painful teeth may trigger the neuralgia. Conservative management of dental 
pathology, including caries, pulpitis, premature occlusion, and periapical 
abscess, should be included as part of the evaluation and management of tri
geminal neuralgia. Incorrect diagnosis will obviously affect prognosis. 

Of particular interest is a painful syndrome involving the glossopharynPeal 
nerve, -.,hich is similar to trigeminal neu.ralgia in its episodic nature, but 
rarer.3,4 It is characterized by stabbing and jolting pain in the posterior 
half of the tongue, the tonsils, and the pharynx. The trigger zone usually 
lies there and is affected by swallowing rather than by touching the face. 
Biting is done without difficulty, but swallowing is painful, the reverse of 
the situation with trigeminal neuralgia. These patients often sleep on the 
same side so the ,aliva does not trickle down the susceptible side of the oral 
pharynx. Talking, yawning, or even touching the side of the neck or washing 
the ears, can trigger the pain. The ?ain i3 not as stabbing or lancinating as 
trigeminal neuralgia. but .burning, continuous, a,1d "sticking." Spicy, salty, 
or bitter foods, and rarely sweet foods provoke the pain. The pain may occur at 
night, in contrast to that of trigeminal neuralgia. Attacks usually occur in 
clusters, lasting from days to months. 

DIAGNOSTIC PROCED[RES 

In patients ·Jith idiopathic trigeminal neuralgia, di·.bnostic procedures 
are unnecessary, unless suspicion continues that the symptc~s are symptomatic 
of an underlying condition, in which case evaluation of posterior fossa struc
tures with angiography, pneumonencephalography, CT scan, and CSF examination 
may be necessary. X-ray examination of the jaw and skull, temporomandibular 
joint, teeth, and subgingival region is necessary to assess the possibility of a 
dental etiology.5 



PROGNOSIS 

The prognosis for idiopathic trigeminal neuralgia is determined 
effectiveness of medications or of surgical procedures (see below). 
tive therapeutic trlal of carbamazepine may confirm the diagnosis of 
geminal neuralgia. 

MEDICAL THERAPY 

by the 
An effec
tri-

Management of exacerbation of pain requires that the natural history be 
kept in mind. During acute episodes the patient may be so desperate for re
lief he may accept procedures which are not necessary and which will be regret
ted later. Yet, the unremitting numbness following a neurosurgical procedure 
may be just as unacceptable and incapacitating as the episodic pain. 

Medical management is import&nt, and many drugs have been used. Phenytoin, 
for relief of aeute attacks and for long-term management, has been effective. 
Doses of 700 to 1000 mg intravenously are useful in stopping an attack, and oral 
doses of 300 to 600 mg/day lead to pain relief in approximately 20% ~r patients. 6 

Side effects include nausea, dizziness, somnolence, ataxia, and skin reac
tions. For long-term management, phenytoin with imipramine improves the quality 
of sleep and combats the concurrent depression during an attack. Ample doses 
of chloral hydrate, diazepam, chlordiazepoxide, or flurazepam are also useful 
in promoting sleep in the acute stages of the illness. 

Carbamazepine has been useful as a prophylactic ~edication to prevent the 
recurrence of attacks. 7 , 8 Like phenytoin, it may be taken at meals in gradually 
increasing doses. A few patients receiving less than 600 mg/day of carbamazepine 
are relieved of pain. But if improvement is not obtained while receiving 1,600 
mg/day,, there is no reason to increase the dose. The side effects of drowsiness 
and dizziness, and the possible hematopoietic and hepatic toxicity of the drug, 
make frequent determination of peripheral white counts necessary in long-term 
users. Other drugs such as mephenesin and clor~azepam have been used with vary
ing success. If adequate pai<l relief is not provided by drug therapy, the 
patient should be offered treatment by alcohol injection or other type of surgery. 

The episodic nature of the attacks should be considered wher, advising 
surgery which leaves defects of sensation on the face. Loss of s,nsation in 
the fi~st division of the trigeminal nerve may leave the eye ~xpos~d to unde
tected trau'118 with subsequent corneal injury and scarring. Third ·'ivision 
numbness Jnakes eating and drinking difficult B'ld r-cJus-2:s the cheek and tongue 
to be repeatedJy lacerated durjng ch~wjng. 

Alcohol i~jections are advantageous.11 This is particularly true when 
injection of the infraorbltal or supraorbital nerve brings relief, but the 
area of numbness is relatively small and the nerve often regenerates, making 
it necessary to repeat the procedure at intervalsa A successful injectio~ 
should produce numbness with relief of pain for 3 to 6 months.12 
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It is usually necessary to anesthetize the region of the triggering sti
mulus, but on occasion block of an adjacent nerve will interrupt the pain. 
If peripheral nerve avulsion, alcohol injection, or rhizotomy is planned, a 
local block will provide the patient with an interval of anesthesia in the 
proposed area of denervation. Some patients prefer their pain to the facial 
anesthesia. 

SURGICAL PROCEDURES 

S h d d . f . 1 1 · I . l3, 14 
uc proce ures as percutaneous ra io requency trigenuna gang io ys1s, 

suboccipital craniactomy with decomoression of the trigeminal nerve, 15 and tri
geminal tractotomy may be of value. 16 , 17 The results of trigeminal rhizotomy 
are considered to be no better than those of gangliolysis, and morbidity with 
the procedure is higher and the sensory loss more profound. Thus, some consi
der the operation obsolete. 

Percutaneous radiofrequency trigeminal gangliolysis has proved to be safe, 
reliable for the relief of pain, and least expensive. Large series indicate 
one-year cure rates of approximately 80% with complication rates of less than 

.5%}8 , 19 results that are superior to those with rhizotomy series. Long-term 
pain relief is harder to assess, but it seems to be about 50% at five years. 

Suboccipital craniectomy and decompression of the trigeminal nerve is 
done by placing a small nonabsorbable sponge between the trigeminal nerve and 
an aberrant blood vessel or bone. Patients having had this procedure20 have 

C 

been reported to have long-term curesJ with low operative morbidity and no 
facial anesthesia. 

Incision of the descending trigeminal tract near the cervicomedullary 
junction, trigeminal tractotomy, will reliably cause the loss of pain and 
temperature in the ipsilateral face and pharynx, and usually will relieve the 
pain of trigeminal neuralgia.21 Because of the sensory deficit, trigeminal 
tractotomy should not be the initial surgical procedure for trigeminal neuralgia. 

THE EFFECTS OF STRESS ON RECURRENT OR SUDDEN INSIDIOUS DISABILITY 

As with any pain~ sleep deprivation appears to accentuate the pain of 
trigen,inal neuralgia and may contribute to the lowering of the th,·eshold 
for triggering an attack. Sleep deprivation and depression may contribute 
to a reduction in reaction time and alertness. Medications affect these func
tions as well as those of depth perception and judgment. 

Recommendation for Medical Certification 

Patients on medication for trigeminal neuralgia, even if controlled, 
should not be certified. Those having been relieved of pain by surgery with 
no recurren~e over a two months period may be granted medical certification. 

ATYPICAL FAC!.A.L PAIN 

HllllMUM ("ll1TERIA FOR DIAGNOSIS 

Although this pai~ syndrome also affects the face, it is distinguished 
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from trigeminal neuraig1a by lack of precise anatomic lii.ri.tation to the areas 
of the face oupplied by the three divisions of the trigeminal nerve, The 
lancinating character of the pain in trigeminal neuralgia is also absent. 
Atypical facial pain is apt to involve the entire side of the bead as well as 
the face, extending into the neck, ear, or throat. It is often constant and 
may persist for extended periods of time rather than be paro:icysmal and instant
anrous. The pain is often aching or burning, and it is extremely resistant to 
treatment. The character~ !ocation, and duration of the pain may vary from 
patient to patient. A major concern is to rule out the existance of mass 
lesiot).S, infection~. and other painful conditions of the head, sinuses, nose, 
throat, and teeth. 

Differential diagnosis includes cervical arthritis with entrapment, 
particularly of the second cervical nerve. Temporomandibulat joint dysfunc
tion with malocclusion of the teeth causes pain which radiates into the face, 
jaw, and ear.22 The pain is usually related to movement of the jaw, occurs 
at night, and :nay be assGciated with prolonged chewing of gun,, or of foods 
such as steak. Inflammation of the carot~d artery can be a cause of atypical 
face pain.23 This type of pain is usually associated with an increased 
sedimentation rat~ and with other signs of arteritis. 

Inflammation of the maxillary or ethmoid sinuses produces localized 
facial pain; middle and posterior fossa lesions produce atypical facial pain. 
These may include meningiomas, neurofibromas,. or carcinomas of ethmoidal 
sin~ses growing into the base of the fkull .. A malignant tumor may become 
~vj_dent after initial period of facial pain and leave behind anesthesia and 
ot·ner signs cf motor involvement .. 

Although many causes have been postulated for a typical facial pain, 
including allergy, endocrine disturbance, and vasomotor disease,24 recent 
worY stresses a psychologic basis for the condition. Several authors25-28 
agree depression and neurotic traits are important considerations. Lascelles 
reported significant relief of both depression and facial pain after treat
ment with phenalzine and chlordiazepoxide.26 

PROGNOSIS 

5ecause generally no specific etiology is d~onstrated despite thorough 
workup., atypical facial pain presents a very difficult problem in management 
and may lead to drug dependency. The prognosis for atypical facial pain is 
much worse than for trigeminal neuralgia. 

MEDICAL THERAPY AFFECTING PERFORl'.A~CE A.~D PROGNOSIS 

A useful treatment for atypical facial ~ain is analgesic medicarl0n often 
reaching the potency of narcotics. Patients presenting with atypical facial 
pain often develop psychological dependence on their pain, making therapy 
frustrating for both the patient and the physician.29,30 

Recommendations for Medical Certification 

No certification should be granted to patients with this syndrome., if 
they require continuous medication. It is unlikely they will become symptom
free for prolonged periods; more likely they will require almost conti~uous 
medication to tolerate their condition. 
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POST-TRAUMATIC HEADACHE 

MINIMUM CRITERIA FOR DIAGNOSIS 

Headache is a CODl!aon sequela to head injury which may be present in the 
immediate post-traumatic period. It usually disappears within a few weeks, 
but not infrequently it may persist for months or years even after mild head 
trauma. Various observers report the incidence of headaches as 40% to 60% 
in patients who have suffered head injury of any severity. 1 

Although head trauma is frequently associated with a constellation of symp
toms which includes dizziness, insomnia, concentration difficulties, and mood 
and personality changes, headache dominates the clinical picture. This symptom 
complex is often called the "post-traumatic syndrome." Chronic post-traumatic 
headache may be defined as headache lasting longer than two months. 

Because each patient's headache arises from a variety of structural 
psychoph~siologic mechanisms, the Ad Hoc Committee on the Classificatio~ 
Headache of the National Institute of Neurological Diseases and Stroke 
designated such head discomfort as the "so-called chronic post-traumatic 
ache. 11 So-called chronic post-traumatic headache may arise from any one of 
several mechanisms: 

and 
of 

head-

1. sustained muscle contraction 
2. recurrent vascular dilatation 
3. local scalp or nuchal injury 
4. part of a clinical disorder characterized by delusional, con

version, or hypochondria! reactions 

Although in general more is known about the causes, mechanisms, diagnosis. 
and treatment of headache than were 35 years ago, the headache that persists 
after head injury remains a puzzling problem. 

DescTiption of the Headache 

The head pain following cranial injury is characteristically variable frvm 
patient to patient, a fact which emphasizes the theory that no single mechanism 
is responsible for all types of post-traumatic headache. 1 Nontraumatic entities 
can provoke similarly generated headaches. The headaches usually have their 
onset coincidental with the return of consciousness, but occasionally they may 
or may not appear until the patient is ambulatory. They usually decrease in 
severity, and there are periods of relative freedom which become longer, until 
after a week or two they become sporadic. More frequently, the headaches are 
precipitated by stress or by attempts to concentrate. In the majority, the 
frequency and severity diminish with time, usually disappearing within 6 to 
12 months. 

We have found no evidence to diffe,entiate headache occurring as an isolated 
symptom from headache occurring as part of the post-traumatic syndrome. Such 
headaches may mimic almost any type of chronic, recu~ring headache. The headache 
may be generalized or localized, but it is commonly in the area of the head 
that received the initial impact. The characteristics of the pain are described 
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variably as a sensation of expanding pressure, a bandlike tightness invading 
the head (cardinal's ,p), a pulsatile, aching, or sharp pain, or a burning 
sensation. Pain may be co· mt or periodic ,nd have some relationship to 
physical exertion and change in posture or position. It is usually aggravated 
by severe emotional or physical tension. Occasionally the headaches awaken 
the patient out of a sound sleep. Severity varies from patient to patient, 
and th.ere seems to be no relationship between severity of the injury and that 
of the headache. 

Post-traUDatic headache f two or more months' duration is often associated 
with symptoms like dizziness, fears, anxieties, fatigue, irritability, and in
ability to concentrate, either singly or in combination. The chronic head
aches are frequently seen in the patient who exhibited nervous or neurotic symp
toms before injury, and they are often associated with other factors, including 
compensation; marked, immediate emotional reaction to the injury; and scalp 
lacerations. Chronic headache is less common in professional athletes and 
in patients whose injuries occurred in recreational settings, or who had very 
mild head injuries ~ith no measurable duration of coma, disorientation, or per
manent post-traumatic amnesia. Whatever views are held as to the nature of 
post-traumatic headaches, there is no adequate explanation of the early head
ache-free period which is common after head injury. 

Pathogenesis 

Denny-Brown emphasized the importance of recognizing both ph9sical and 
emotional trauma as causative factors in post-traumatic headache. This 
emphasis arose from observations that headaches occurred after very mild, as 
well as after very sever~, head injuries. The realization that emotional 
trauma occurs with head injury has led to considerable disagreement about 
which process is more important: the pretraumatic personality or the psychologic 
factors brought into play after inju.y. 10,l3 

Watts et a1
15 

suggested headache and dizziness after head injury are 
sometimes due to scalp contusions and may be related to scalp arteries. 
They stated 82% of headache cases could be correlated with a neurotic per
sonality or subnormal intelligence and not with severity of injuries. 

22 
Rowbotham notes the underlying pathology of post-traumatic headache 

is extr€mely difficult to determine. Thus, in the typical case, there are 
no abnormal neurologic signs, the CSF pressure is within normal limits, and 
the EEG shows no signs of a space-occupying lesion. Other systems, including 
the cardiovascular system, are normal. It appears head pain is not due to 
scalp neuritis, subdural hematoma, hygroma~ adhesions, hydrocephalus, or 
tentorial traction. 

10-20 . 
Of the many views on pathogenesis, there are essentially three dif-

ferent opinions held. Some authors relate post-traumatic headache exclusively 
to psychologic factors, and some relate it exclusively to organic factors. 
The majority, though their emphases differ, hold that both factors are pre
sent in most cases of post-traumatic beadacbP. In our experience, the vast 
majority of patients with long persisting or recurring post-traumatic head
aches rarely have intracranial abnormalHies. We believe the headache is 
functional, though at some earlier date organic factors probably played a 
part in its genesis. 
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Mechanisms 

A variety of mechanisms, which rarely operate exclusively, may be respon
sible for post-traumatic headache and are listed below. In general, the 
mechanisms may be divided into those which are due to organic effects of the in
jury and those which are primarily psychological. Usually there are multiple 
mechanisms, which may involve intracranial and extracranial structures and 
neck injury.l 

MUSCLE CONTRACTION 

The most frequent cause of chronic headache after head trauma is muscle 
contract~on. The immediate source of pain in muscle contraction (tension) 
headache appears to be sustained contraction of the muscles of the neck and 
scalp commonly associated with an adverse reaction to stress. 

It is known noxious stimulation of structures in one area may refer pain 
to another area. This is the ~echanism involved when pain of a muscle con
traction headache spreads from the neck to the face, scalp, and frontal region. 
Muscle contraction may, in some instances, be local even though the resultant 
pain is diffuse.27 It is believed the arteries of subcutaneous tissue, scalp 
muscles, and conjunctiva constrict with ischemia in patients with muscle con
traction headache, while releasing local catabolites which genera~e pain. 

The severity of this form of headache is often related to anxiety attaching 
to the possibility of brain damage, which is reinforced by a legal advisor who 
instructs the patient not to resume work or normal activity until the case is 
settled. 29 

Muscle contraction headache is not accompanied by focal neurologic symptoms. 
Giddiness or light-headedness usually indicates a tendency to over-breathe in 
times of anxiety. Other symptoms are those of an anxiety state. Exposure to 
cold with shivering or drafts may precipitate or aggravate the headache. 

Examination may disclose tautness of muscles of the neck, scalp, and face. 
The masseter muscles are·usually the first to contract when persons are in 
a state of tension, and they remain so for long periods of time. Palpation 
may reveal localized painful nodules or areas of localized tenderness. Occa
sionally there is limitation of neck movement. Neurologic examination is normal. 

VASCULAR CHANGES 

Changes in ~ascul.ax tone and caliber of cranial blood vessels occur in ~ost
~raumatic headache. This may give rise to vascular headache of a pulsatile, 
or of a dull, constant character. Involvement of the temporal, occipital, or 
middle meningeal arteries by residua of the trauma, or by superficial or subcuta
neous scars, can produce headache. Probably at least two pathophysiologic 
events must occur concomitantly for headache to develop:30,31 

1. Cranial arterial dilatation, with increased amplitude of pulsa
tion of these vessels caused by the autonomic nervous system 

2. Changes in microcirculation, with the release during an attack of 
biologically active substances at the site of the pain 



171 

The attacks are shorter in duration than migraine, are not preceded or 
associated with sharply defined neurologic phenomena, and do not show any of 
the other symptoms associated ,"1th the migraine attack. However, there is a 
similarity to migraine in that sonophobia, photophobia, and nausea with or 
without vomiting may occur. The attacks are relieved by compression of the 
superficial vessels and the use of ergotan,ine tartrate, 

In·an occasional post-traumatic patient, attacks of cluster headaches 
have been observed. It has been suggested such headaches may be related to 
injury of the greater superficial petrosal nerve and the afferent branches of 
the sphenopalatine ganglia. 

SCAR FORMATION 

If the soft tissue of the head is injured, a visible or palpable scar 
with a localized tender area may result. Neuralgic-type pain also may occur 
after trauma and is probably caused by involvement of sensory nerve branches 
enclosed in tissue. This local pain sometimes spreads to cause intermittent 
generalized headache, the nature of which suggests an origin in increased ten
sion of extracranial muscles. Procaine injected into the tender area often 
eliminates local headache but not sensations of pressure or ache remote from 
the area. 

ACCUMULATION OF BLOOD IN EXTRADURAL, SUBDURAL, OR SUBARACHNOID SPACES 

Headache occurring during the firs• few days or weeks after injury is more 
likely to be due to intracranial damage than headache persisting for months or 
years. In the early stages after injury, subarachnoid or epidural hemorrhage 
may be responsible for the headache, However, the character rf the headache 
may not indicate the nature of the process. 

Blood accumulation as the result of injury causes traction, displacement, 
distension or rupture of pain-sensitive blood vessels in the archnoid, which, 
in turn, produces pain, 32 The meningeal damage and scarrin11 seen in severe 
brain injury seldom produce headache; however, arachnoidal adhesions and fib
rotic clot organization around pain-sensitive structures within the cranium 
may produce persistent headache. It is significant that sustained headache 
is uncommon if small amounts of blood are present in the subarachnoid space 
following neurosurgery or after subarachnoid hemorrhage. 

The pain from a localized h,-:matoma results from traction and displacement 
of pain-sensitive structures, p:1rticularly at the base of the brain, whereas 
the pain from blood in the subarachnoid space is probably secondary to a 
sterile inflammatory reaction about the meninges and blood vessels. Head-
ache due to accumulation of blood or fluid in the subdural space may persist for 
weeks, but rarely longer than 6 months. Blood in the subdural compartments 
may cause progressively greater displacement of the subjacent brain, or it 
may be absorbed, Another cause for pain is subdural hygroma, which is pre
sumably due to tearing of the subarachnoid membrane. 

Pressure or traction on large sensory nerves in the region of the ten
torium will produce pain referred to the forehead and the area behind the eyes. 
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This can be explained anatomically: a rec~~rent branch of the trigeminal 
nerve arises from the first ophthalmic division near its origin and supplies 
the superior portion of the tentoriurn and falx, so that pain from vessels in 
these areas of dura is readily referred to the eye and forehead of the same 
side. 33 

Acute hydrocephalus is rarely a cause of post-traumatic headaches; 
patients show low intracranial pressure more often than high. Low pressures, 
however, can cause headache, particularly if there is continual leakage of 
fluid externally or into the subgaleal space after skull fracture. Intra
cranial hypotension usually repairs itself within a matter of days. The 
mechanism relates to traction by the unsupported brain on pain-sensitive 
structures. 

Intracranial hypertension due to defective absorption secondary to sub
arachnoid hemorrhage, although unconnnon, may persist for months and years 
beyond the traumatic event. The frequency with which normal-pressure hydro
cephalus occurs after subarachnoid hemorrhage may be related to delayed re
covery after a head injury. In many patients, prompt improvement occurs 
after ventriculoatrial shunting. 

INJURY TO NECK STRUCTURES 

A painful cervical spine can be the cause of headache, but more important, 
in therapeutic terms, is the pathogenesis of various syndromes of head dis
comfort due to disorders of the cervical spine per se.34 Cervical involvement 
may indeed dominate the clinical picture. In such cases, the cervical symp
tomatology is often intermingled with the usual signs of physiopathology of 
cervical trauma. Injury to tPe superficial and deep structures of the neck, 
involving muscles, ligaments, intervertebral discs, discs, or nerve roots, 
can produce nuchal pain referred to the head. Each of these structures has 
a nerve supply which can cause referral of pain to the upper cervical or tri
geminal nerve distribution by means of collateral fibers. Many post-trau
matic headaches originate from a fibrositis, with or without palpable nodules 
-0f the soft tissues of the head and neck; ie, the origin is in the muscles 
of the scalp, neck, and the suboccipital region. Procaine infiltration will 
sometimes eliminate these tender spots and the headache. 

WHIPLASH 

In any discussion of headache due to neck disorders, the so-called"whip
lash syndrome" must be mentioned. In its simplest terms, this is considered 
to be the product of rapid to-and-fro motion of·the head, with the initiating 
stimulus generally being the impact of two colliding automobiles. Sudden 
violent flex!on and extension of the head and cervical spine after either 
major or minor impact can produce this common condition. An avulsive and 
stretching injury of the nuchal ligamen~a and muscles, and perhaps stretching 
of the limiting ligaments of the disc, are assumed to occur. 

Hemorrhage is probably present in some patients, along with unpleasant 
sequelae of areas of tenderness, muscle splinting, and classic muscle-con
traction or tension headache. It has been suggested the prolonged symptoms 
are due to damage to the sympathetic and cerebrospinal nervous systems and 
rupture of stabilizing ligaments.38 
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The symptoms are not due to litigation neurosis or to malingering but 
have an organic basis. The X-rays are negative, except that a loss of lor
dosis of the cervical spine, presumably due to muscle splinting, may be visible. 
This type of injury, if limited to the reversible pathology just outlined. 
should respond to treatment or heal with time. Generally, tra\JJ!la due to cra
nial impact is related to skull injury, but head pa1n also may be due to an 
isolated cervical lesion, as w.!.th whiplash injury in a motorist whose car 
is s~ruck from the rear. 

PSYCHOLOGICAL FACTORS 

An understanding of psychologic factors is important in post-traumatic 
headache and its associated syndromes. The head has a symbolic significance, 
and injury to it usually generates more anxiety, resentment, and fear than 
injury to alcost any.other part of the body. Anxiety arises from the threat 
of danger to the function of the brain and its associated processes of intelli
gence and thought. This thre~t constitutes an important psychologic factor in 
all post-traumatic headache.J9 Depressive symptoms are usually overshadowed 
by those of anxiety. Many patients who become depressed have compulsive 
personalities to whom work has become an impor'.:.ant defense mechanism, and 
typical depressive symp "2 •ollow deprivation of their normal working patterns. 40 

A significant factor in some cases of post-traumatic headache is compen
sation for the injury--the paradox of the individual who remains sick because 
of the hope of financial reward (malingering). A pending lawsuit elicits mere 
anxiety and can prolong the headache. In such a case, the conversion mechanism 
may be used to overemphasize symptoms, even though neurovascular or muscular 
factors were initially active and produce pai~ in the head area. Contrary 
to common belief, the end of litigation does not necessarily remove the symp
toms. However, it does have a salutary effect by removing one of the factors 
upon which the patient tends to focus. 

Other motivating forces for the peroetuati.on of the heada<:he are attention, 
support, and oversolicitude by the family of the patient, or by the attending 
physician. A patient is unlikely to give up a symptom which provides such 
comfortable props and does not seek to be healed but to be justified. These 
individuals tend to assign their feelings and attitudes to those around them 
and demonstrate great insecurity. In some patients, the psychologic factors 
may be quite superficial, but in others it may be difficult to uncover the 
dynamics of the mental processes involved which cause or precipitate the headaches. 

The circumstances of the event also play a part in post-traumatic headache. 
The symptoms are Virtually unknown after recreational accidents, *hile they 
are encountered in 40% or more of those claiming compensation for traffic or 
industrial injuries. Here, two planned studies of oatients after head injury 
are relevant, the first in Boston, with civilians, 41 and the second in New York, 
with veterans from World War II and the Korean War.42 The studies were not 
undertaken for comparative purposes, and only a fraction of the variables and 
cases could be analyzed statistically. Other patients were seen at Montefiore 
and Presbyterian Hospitals in New York City, including some from a metropolitan 
police department, and in private practice. The civilians and veterans tended 



174 

to have been injured in an off-duty setting, whereas the p0!!~e were injured 
in line-of-duty incidents, 

Observations in these groups indicated there was no significant relationship 
between severity of injury and characteristics and duration oi headaches. One 
difference was noted, however: the pretraumatic perso,iality disturbances of 
the civilians were greater than those of the veterans or of professionals like 
policemen, The veterans had a higher frequency of dizziness and a longer dura
tion of trauma-associated headache than the other groups. It would appear 
socioeconomic factors can prolong the symptoms of headache once they have 
developed. 

OTHER CRITERIA FOR DIAGNOSIS 

In diagnostic ~valuation of a patient with post-traumatic headache it 
is first necessary to exclude operatively correctable lesions. If no such 
lesion is found, the headache may be attributed to other pathogenetic mechan
isms. The description of the headache may be helpful, but by itself this 
will usually not determine etiology. The duration of symptoms may also be 
useful in excluding lesions like post-traumatic hematomas, The neurologic 
examination may detect evidence of focal ueurologic deficit or intracrania1 
hypertension, It may also detect evidence, particularly in the nuchal area, 
of a muscle contraction headache.3 

RELEVANT DIAGNOSTIC PROCEDURES 

Ro,ntgenograpby of the skull and cervical spine is important in excludin~ 
fractures. A calcified pineal gland or choroid plexus may indicate displace
ment of intracranial structures. Rarely, the presence of air within the cra
nial vault indicating cerebrospinal fluid leakage, or a calcified hematoma, 
may be visualized, If a shift of the midline structures is suspected, echo
encephalography may be helpful, 

CT scan is very effective in the demonstration and differentiation of a 
wide variety of traumatic lesions of the brain, and in the evaluation cf post
traumatic conditions such.as atrophy, subdura1 and extYadural bematomas, bemoT
rhagic contusion, cerebral edema, post-traumatic obstructive hydrocephalus, 
and porence7halic cysts. CT scans made during the acute phase permit accurate 
assessment and evaluation of progress. 

Isotope scanning may be used to detect areas of increased permeability 
of the blood-brain barrier, An EEG can detect focal or generalized dys
rhythmia. Angiography may be necessary for expanding surgical lesions, and 
air encephalography is essential if normal-pressure hydrocephalus is considered. 

The diagnosis of post-traumatic headache is generally made by historv, 
because positive physical findings are usually lacking. A psychologic diag
nosis for the cause o! headache should not be made by exclusion but rather 
through findings on psychologic examination. 
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MEDICAL THERAPY AFFECTING PERFORMANCE, INCAPACITATION AND PROGNOSIS 

Management 

In discussing the management of chronic post-traumatic headache patients, 
certain guidelines will be emphasized, and inEtances in which major injuries 
predominate will not be considered. If only one rule could be given, it 
would -be: Treat the whole patient. 

The problem of good headache management must be approached comprehensively, 
and the physician must help the patient to determine aspirations and values 
and to work out frustrations and conflicts. Without a continuing understanding 
of the patient, the physician will not make much headway. Coustructive listen
ing plays an important part in treatment of the headache patient's psychological 
problems. The patient with chronic headache noc only talks about the headachP 
but also drops hints and requests help with other aspects of the illness and 
with life in general. Thus, the physician should consider well the patient's 
words and weigh carefully their diagnostic or therapeutic significance. 

The usual post-traumatic patient is anxious. But acceleration of convale
scence reduces the usual sequence of symptoms, including headache, by mini
mizing anxiety about the seriousness of the injury. The management of a pa
tient with post-traumatic headache should involve the use of pharmologic 
agents, physical medicine, and psychotherapy. 

Pharmacology 

Nonaddictive analgesics are recommended in the symptomatic treatment 
of chronic headache of moderate intensity, although these chemical agents 
are inferior in

4
3heir analgesic potency to addictive drugs such as codeine 

and meperidine. The latter groups should be used with extreme caution 
because of the hazard of addiction. 

Nonnarcotj~ analgesics include salicylates, the p-aminophenol derivates, 
phenacetin and acetaminophen, and propoxyphene hydrochloride. Hypnotics, 
sedatives, and tranquilizers are less effective in relievin~ pain than 
analgesic agents, but they may reduce anxiety, restlessness 1 nausea, and vo~it
ing. Combined with analgesics, they provide an effective treatment for 
chronic headache, not only by raising the pain threshold but also by reducing 
the patient's anxiety and reaction to pain. 

For treatment of an attack of vascular headache, ergotamine tartrate, 
which may be combined with caffeine, sedatives and/or analgesics, is re
commended. 

Prophylactic drug therapy for post-traumatic hea~g~hes is of value, be·· 
cause the sedating and tranquilizing drugs red~ce emotioual stress, anxiety~ 
and depression, and allow the patient to handle the life situation more effect
ively. Diazepam, chlordiazepoxide, meprobamate, and barbituates may be bene
ficial, by reducing anxiety and temporarily improving the patient's ability 
to handle stressful situations. A combination of a belladonna alkaloid, a barbi
turate, and ergotamine (one ~ablet th~ee times a day) has been used as a pro
phylactic agent for post-traumatic heaciache of vascular origin~ 
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Physical dependency may develop with any of the drugs mentioned above, 
limiting their usefulness. Furthermore, they ca.,not influence the patient's 
basic conflicts and tensions or help the patient gain insight into the 
psychic basis of the headache. The clinical effect of muscle relaxants taken 
orally is chiefly sedating or tranquilizing. Because reduction of anxiety 
plays an important part in pharmacotherapy, such agents may have a place in 
treatment. The clinical course of the patient with all agents will depend 
on the nature of the structural and psychological disturbances as well as 
the dose of the drug and its effect. 

For patients subject to depression, antidepressants are more effective 
than anxiety-reducing drugs. Amitriptyline and imipramine hydrochloride 
are the most effective antidepressants in post-traumatic headache. Their 
cholinergic-blocking properties cause tryness of the mouth, palpitation, 
blurred vision, retention of urine~ and, paradoxically, excessive sweating. 
It is therefore essential that any patient taking these drugs be seen 
frequently after clinical evaluation to adjust dosages. 

Physiotherapy 

Physiotherapy has a useful but limited role in the treatment of chronic 
post-traumatic headache. Overtreatment by building anxiety may do more to 
increa&e the chronicity of the problem than to relieve it. After the initial 
phase of therapy, range-of-motion exercises and resistance exercises may be 
instituted under guidance. Heat and massage help alleviat•~ muscle-contraction 
headache if muscle splinting and tenderness are present. The use of ethyl
chloride spray and the injection of 1% procaine hydrochloride into the tender 
area of muscle or scar formation can relax the muscle and relieve pain. 
Diathermy, ultrasonic bombardment, and iontophoresis are occasionally helpful 
adjuncts. Mechanical devices such as a collar and head traction may prove 
temporarily useful. 

Autogenic Techniques 

A variety of nonpharmacologic techniques have been used during past 
decades to treat headaches. These started with Jacobson, who devised 
techniques of verbal instruction~to teach patients suffering from stress-re
lated disorders to relax their skeletal musculature progressively. The more 
recent development of biofeedback with improved instrumentation and pro
gramming equipment has popularized the use of this technique. This includes 
the use of EMG relaxation techniques combined with autogenic processes. In 
this method of treating cension and vascular headaches, however, the influence 
that suggestion, motivatio~, and emotional bias play in reducing anxiety and 
pain should not be discounted. Controlled studies and more years of observa
tion are necessary before an opinion can be given about the effectiveness 
of such techniques. 

Acupuncture analgesia has limitations in producing long periods of 
analgesia and appears to be a method of hypnoanesthesia which uses needles 
instead of words. 
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Psychotherapy 

There is little or no disagreement about the importance of psychogenic 
factors in chronic post-traumatic headache. The person with recurring head
ache without structural cause is using body language to express personal and 
interpersonal conflicts. This concept forms the basic permise of psychological 
treatment of headache patients. 44 Yet it is impossible to fit all post-trau
matic headaches into the same pattern, because there are many kinds of emotional 
concomitants to headache, It is necessary, therefore, that the physician 
understand the nature of the headache and the role the sy,;ptom plays in rela
tion to the patient's personality and environment. 

During the study of the patient, the establishment of a positive patient
physician relationship io critical. The essence of this relationship is th~ 
physician's encouragement of an attitude of hopeful expectancy, and every 
measure taken to enhance the relationship, and this hopefulness will foster 
therapeutic progress. 

A physician can give considerable relief by allowing the patient to 
speak and ventilate suppressed frustrations and resentments. Time so spent 
also gives reassurance of the therapist's desire to help. The reduction of 
emotional pressure which follows may markedly reduce the frequency and 
severity ~f headaches. As therapy ?regresses, a review with the physician 
cf life's goals, and of environmental factors, can greatly help the patient 
handle tensions. Whenever possible, however, the patient should develop 
his or her own insight into tension-producing situations and then try to re
arrange life situations and responses appropriately. Objectivity must be 
part of the therapist's role, for certain situations cannot be handled by 
the patient, and therapeutic goals must be realistic for both patient and 
physician. 

In some patients, denial of problems is so strong that any therapy is 
consciously or unconsciously rejected. These patients are usually inhibited 
or withdrawn and require more directive techniques of managemeut. De
finite instructions to help them uianipulate their ~nvironment and alter 
stress-producing situations are necessary. 

Psychotherapy, like all medical therapy, may cover a broad spectrum, 
from supportive to long-term uncovering psychotherapy. The clinician must 
approach each patient with post-traumatic headache as an individual in whom 
therapy will vary with the patient's insight, rssistance, and personality 
structure. In some situations. long-term uncovering psychotherapy will 
be necessary, and the patient should be referred to a psychiatrist. For 
others, short-tet"I:l therapy can do a great deal to reduce or eliminate the 
symptoms, and the results of such t~eatment is rewarding to both patient 
and physician. 

For patients who will accept psychological factors as being responsible 
for their headaches but reject psych<>therapy, it is necessary to develop a 
good patient-physician relationship, and to use drug therapy and physical 
therapy to circumvent resistance. Tne possibility rereains of psychotherapy 
at a future date. 



178 

Prognosis 

Changes in intrbcranial pressure, EEG, or neurologic signs, and the degree 
or extent of scalp or intracranial injury, do not give adequate indication of 
subsequent susceptibility to headache. Although the presence of coma, dis
orientation, and amnesia correl~te with headache, the duration of these states 
is not related to the incidence of prolonged headache. Furthermore, although 
there is a high incidence of headache among pati~nts with scalp lacerations, 
rhe degree er ex~en~ of scalp injury is na~ rela~ed ~a later develapmenc af 
headaches. Headacht, however, is appreciably less common in those wirhout an 
initial dis,,ade,: of consciousness. 

Fost-tracrnatic headaches mny develop in patients who have previously 
shown a normal adjustment to life~ but they are more apt to occur in patients 
~oo ~~~~ ~~~~~ti~ b~f~~~ ~~3~~). 

Headaches after head injury usually begin with recurn of consciousness 
aad are severe and pers:'.stent, but ti\.ey may not appear until tne patient is 
ambulatory. ln most patients, the frequency and severity of the headaches 
diminish with the passage of time, a.~d the headaches usually disappear within 
6 to 12 months; however, they may persist for years. If the trauma occurred 
when the patient was undar 20 years of age, recovery is usually more rapid 
with fewer sequelae. Post-traumatic heaJaches lasting longer than 12 months 
tend to continue ioT 1nany ~eaTs in 1IlOSt patients anO lilay becOID~ a ~ay of 11f~. 
But under che guidance of an under::;tanding physician, the patient ?!lay learn 
to avoid fa~tors that precipitate the headache and so break the pattern of 
chronic recurrences. 

EFFECTS OF STRESS OR OTHER STATES RELATING TO PROBABILITY OF 
INCAPACITATION 

No clear-cut clinical description or single mechanism can cover 211 
tbe aspects of cbrollic recurring beadacbe following trauma. "T:le post
traumacic syndrome in which headache plays a prominent parr h~s no known 
pafhologic concomitants and is more frequently associated with minor than 
with major trauma. W"hile severe cases of pest-traumatic headacPe ha,:e 
occurred after minor injuries without loss of consciousness, major in:uries 
may leave no headache in their course. 

Recommendations 

To establish criteria for acceptance or return to work of civilian 
air crew members with headache after a head injury is difficult. Prolonged 
post-traumatic headache tends to be the most persistent symptom in the post
traUlllatic syndrome, which is composed entirely of subjective complaints. 
Much depends on the evaluation of the examining physician. Because so many 
factors are involved, rigid rules for aircrew memhers with post-traumatic 
headache would not be useful, but the following general criteria are re
commended: 
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1. Airmen should be free of symptoms for 30 to 60 days before returning to 
flying after a head injury in which tPere was a momentary or no loss of 
cvnsciousness, with headache as an isolated symptom or as part of the 
post-traumatic syndrome. 

2. There should be no return to flying if the airman is on prophylactic 
medication for the headache. This restriction includes medication of 
eny type, such as analgesics, sedatives, vasoconstrictors, ~NS stimulants~ 
a: •.. idepressants, antianxiety drags, etc. 

3. Patients may reture to flying status after injury, if the headache history 
differs lictle from that obtained at the time of acceptance by the FAA 
before i..,1j ury. The occasional headache with occasiona.J. use of aspirin 
or ac~taminophen is acceptable~ if it was alJo~ed prior to injury. If 
there were ~o headaches anci ~o use of medication prior ~o injury, and 
if the use of ,wpirin or acetaminophen for headaches after injury does 
not exceed mer~ than three or four times a month, certification should 
be granted. 

No person should command an aiLplane or fly as a crew member ~hile takjng 
narcotics and analgesics for chronic post trau:catic heactache. 

4. Headache is cause for permanent suspe3sion from flying~ if it is a major 
symptom associated with a period of unconsciousness longer than 24 hours 
after t~auma, a depressed skull fracture, brain laceration or epidural 
or subdural hematomat focal or generalized convulsions! or persisten~ 
neurologic deficits. 

Post-traumatic headache is usually part of a post-trau:natic syndrome 
which includes difficulties in concen~ration and emotional reactions. 
Although the headache is U.'1c_ikely co result in sudden incapacitation, 
because of it the patient may have difficulty coping Yith emergencies 
which require alertness and judg:nent. 

54 These recommendatious should apply to all crew members~ because alert
ness of all is required for fu..,ctiont.-..g during routine flights and in 
emergen;..:.i.e::.. 
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MIGRAINE 

Migraine, one of the 1110st common neurologic disorders, is characterized 
by variability of symptoms and periodicity. The word "migraine" is French 
and means one sided headache. It is & term used by many clinicians for a 
variety of headache types, including in this group all cases of chronic 
recurring headache, tension heacacbe, and those in watch no adequate 
cause can be found. Tb:is app-roacb to headache p-roblems blurs all 
classifications to a point that they are meaningless. 

A definition of migraine which is mainly descriptive, but also based on 
mechanisms, is that of the Ad Hoc Colnmittee on the Classification of Headachel 
of tbe National Institute of Neurological Diseases and Blindness (NINDB): 

l. Vascular Headaches of Migraine Type. These are recurrent attacks of 
headache, vaeying widely in intensity, frequency, and duration. The attacks 
are C01111110nly unilateral in onset; are usually associated with anorexia and, 
somerillles, with nausea and vomiting; in some are preceded by, or associated 
with, conspicuoug sensoey, motor, and lDOod disturbances; and a-re often familial. 
Not all of the above are necessarily present in each attack or in each patient. 

z. Listed below are particular varieties of headache, each shad.ng sow.e, 
but not necessarily all, of the above-mentioned features: 

A. "Classic" migraine 
B. "ca-on" migraine 
C. "Cluste-r" headache 
D. "Hemiplegic" and "Ophthalmoplegic" migraine 
E. "Lower-half" headache 

The WOTld Federation of Neurol0tt:ists' Research Gyoup on Mijlraine and 
Headache have proposed similar cr:iteria: 

Definition: A familial disorder characreriz.2d by recurrent attacks of 
headache widely variable in intensity, frequency, and duration. Attacks are 
comaonly unilateral and are usually associated with anorexia, nausea, and 
vomiting. In some cases they are preceded by, or associated with, neurologic 
and 1ll00d disturbances. 

Not all of the above cbaracte-rist1.cs are necessa1:1.l~ present :in each attack 
OT in each patient. 

A. Conditions which are generally accepted as falling within the definition 
are: 

(1) c:i-1c m.graiue 
(2) 5-cl•Wic migYaine 

... i I .j 
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B. Conditions which may or lliSY not fall within the category of migraine are: 

(1) "Cluster" headache 
(2) "Facial" migraine 
(3) "Opthalmoplegic" migraine 
(4) ''llemiplegic" migraine 

The NINDB definition is useful and Will be adhered to in this report. It 
is not all-nc011\l'assing, for the.~e is n<1 \116\tion of basilar artery migraine 
nor of "complicated migraine." Also, variations in the clinical manifesta
tions of certain types of migraine may depend on the blood vessels involved 
and the duration of the vascular distention. 

Neither the headache nor the visual or sensory aura preceding it si~als 
the true beginning of a migraine attack, for the symptoms are but the end 
point of a series of physiologic changes brought about by the patient's reac
tions to a variety of stressful situations. Thus, the symptom of headache is 
part of an evolving process ratr.er than an isolated event. 

Epidemiology 

Studies from a large number of sources using similar techniques give varied 
figures for the prevalence of migraine.2 There is a tendency to accept 5% to 
10% as an incidence range in the general population. HoweveT,incidence is 
difficult to evaluate because about half the migraine sufferers do not conRult 
a physician. 

While migraine is genetically determined in many instances, the exact mode 
of inheritance has not been clearly defined, nor has the specific abnormality 
been identified. The inherited abnormality may be an inst.gbility of the re.r.u
lation of the autonomic nervous system including the hypothalamus, an inborn 
metabolic defect, or a hypersensitivity to a circulatory enzyme. Familial 
incidence has been estimated between 65% to 90%,3,4 and both autosomal
dominant5 ,md autosomal-recessive traics have been proposed.6 Thus, the diag
nosis is more secure if there is a family history of migraine. !tis also 
possible enviromaental and hereditary factors are important in familial occurr
ence. 

Women an! more likely to be affected than 11\en, although the ratio varies 
considerably in published reports. In our exper:!.ence, there is a ratio of 
three females to two males. 

Migraine frequently begins in childhood at 6 to 8 years of &.Ile or after 
puberty. However, it may occur at any tiae from early childhood to late life. 
In yo-.mg children, motion sickness or attacks of cylic vomitin& may be precur
sors or equivalents of lligraine. In -n, there is frequently a relationship 
between attacka of lligraine and aenstrual periods. After the first trimester 
of prqnancy, -t ween report they are free of attacks. 

Attaclta tend to lessen in frequency and intensity past middle af!e, but many 
lligraineurs continue to have headaches into late life, which are usually com
bined vascular and -cl• contraction headaches. Menopause frequently brings 
- rdief, but _., pcs~l - have. an increase in ft:e.que.ncy and 
se9erie)' of their herbches.7 Procedures to induce early menopause are to be 

------
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discouraged as treatment for the migraine patient, because experience has 
indicated they are not effective in preventing the condition. The natural 
history of ~raine is one of remissions and exacerbations for year&, and 
migraine can reappear in later life after decades of quiescence in both 
females and males. 

Etiology and ~athogenesis 

Although tbe primary cause of migraine still eludes us, one key to a 
migraine attack lies in the central nervous and central autonomic systems. 
'The inseparability of psychic phenomena and physiologic changes is well ill
ustrated by this disorder, and the patient's behavior and personality are 
closely related to the onset of the migraine attack. The prodrome of classic 
migraine, especially the viir.ial and other sensory and.-tor phenamena, are 
further indications of a central nervous system origin for migraine. A 
possible sequence of events has been suggested by direct measurements of 
cerebral blood flow, which show an initial phase of vasoconstriction involving 
the intracranial arteries, with a reduction of blood flow of sufficient de
gree to produce the initial symptoms and the !~chemic cha.,ges associated 
with the prodrome of the attack, followed by a phase of vasolilatation, 
primarily of ~he extracranial arteries, during which the headache occurs. 8- 11 

But the two phases are not sharply separated. Some cortical areas show 
vasodilatation at a stage when vessels in other areas are still constricted. 
This would account for those cases of migraine in which the usual temporal 
profile of an aura followed by headache is disturbed and SYIIIJltOIIIS of the aura 
continue into the headache phase or sometimes even follow the headache. The 
pain of migraine, traditionally considered due to extracerebral vasodilatation 
and increased blood flow, may not be due to these phenomena alone. Studies 
suggest the dilated migrainous artery is hyperpermeable and is involved in a 
sterile, local inflmmnatory reaction in which vasoactive substances and ~late
lets participate.12 

Biochemical processes involved in the migraine attack have been under 
investigation, particularly the rci~ of endogencus and exogenous vasoactive 
agents which control the microcirculation by influencing the tone of vas
cular smooth muscle and altering blood flow. But before conclusions can be 
made about the role of hUIIIOral agents in migraine, it would be necessary tc 
determine the levels of these agents in blood perfusing the cranial vascu
lature during a migraine attack. 

Evidence fer the role of vasoactive substances in migraine is fragmentary. 
It appears plasma serotonin levels fall at the onset of a migraine attack. 
Serotonin will constrict scalp arteries iu man, and a fall in its levels may 
play & ~•rt in the extracranial vasodilatation of lltigraine. 

The ~eported increase in pla- serotonin level during the prcdrome and 
its subsequent decrease during the headache phase parallel the increase in 
platelet aggregation during the prodrome and its decrease during the headache 
phase. While the exact role of platelirts in aitraine is still to be determinl!d, 
they do contLin all the serotonin preal!'ilt in the blood and release it during 
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aggregation. It ia possj.hle changes in plalilll8 serotonin in migraine are 
secondary to changes in platelet aggregation. Such findings would indicate 
that pharmacologic inhibition of platele~ aggregation could prove helpful 
in ~he prophylaxis of migraine and other vascular headaches. 

During the last decade there have been vigorous biochemical studies of 
migraine, but the problem has been complicated because we do not know pre
cisely.how the organiS111 responds biochemically to the stresses that pre
cede and possibly provoke migraine. 

Other physiologic disturbances occur in a migraine attack which are not 
related to the involved cranial arteries. These include cyclic changes in 
the distribution of fluids, manifested by edema and electrolyte retention 
and by diuresis as the headache begins to subside. Attempts to produce head
ache by overhydration with the use of antidiuretics, or to relieve head
aches with diuretics, have not been successful.2O We believe it i~ justi
fiable to conclude these physiologic changes are not the cause cf the attack 
of migraine but are among its manifestations. 

Observations over the years have indicated aome migrain~ pa~ients are 
prone ~o physiclogic abnormalities, like abnormal capillary loops in fingers 
or mucous membranes, high incidence of essential hypertension, abnormal 
vasomotor responses to heat and cold, increased incidence of toxemia of 
pregnancy, abnormal monoamine oxidase function, and abnormal blood clotting. 
How these events are related to the migraine process has not been established. 

Psychologic Factors 

Although it is tempting to try to establish the ''migraine profile" and 
fit the patient to it, not all patients share the same personality traits. 
The personality of the migraine patient has been described as compulsive, 
overconscientious, and ambitious, with an outstanding per-formance due to the 
emphasis on perfectionism.21 

There are no published psychologic studies of migraine patients utiliz
ing controls of similar age, sex, and socioeconc,a,ic background. Some studies 
suggest migraine patients were not permitted to express emotions of anger 
or rage as children and that love and approval could only be won by suppressing 
their true feelings.22,23 Later in life, prolonged stressful situations, 
such as puberty, leaving home, and -eting the responsibilities of a job, 
marriage, and parenthood, could tri(!l!er a series of migraine attacks in such 
individuals. 

In light of the above, it is not surprising that when the situations in 
which headaches occur and recur are analyzed in relation to their psychologic, 
social, and emotional significance to the patient, we can often relate the 
occurrence of headache to .i paychologic or emotional stress. 

It 11USt be e111pbasized that stress in itself does aot necessarily precipi
tate ■igraine; rather, the etbod of resolviug the stressful event is believed 
to play tbe key role. Reaction patterns are 110re likely to occur in situations 
either symbolic of. or directly connected with, the individual's own goals, 
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the mode of attaining theJD, and the conflicts thus created. We have seen many 
instances where this can be clearly demonstrated by identifying the imme
diate situation which provoked the attack. 

Nonspecific P~ovoking Factors 

On occasion, nonspecific stimuli that may not be stressful for the average 
person can produce an attack in the migrainous indivit.ual. Such attack-trig
ering factors include fatigue, bright or flickering lights, fasting or missed 
meals, certain chemicals in prepared foods and beverages, some drugs, meter
eologic influences, and atmospheric changes, exercise, exposure to high 
altitude, menstruation, contraceptive Medication, and phvsiral factors euch 
as heat, light, sound, and smell, And, a tendency to overreact appears to prn
duce physiologic changes which render the patient sensitive to a wide range of 
stimuli, many of which had no direct connection with the patient's predis
posing situations and conditions in the first place. 

Foods and beverageg containing tyramine and phenylethylamine, such as 
aged cheeses, chocolate, yogurt, buttermilk, and so on, have been suggested as 
possible triggers,26,27 although this has recently been challenged.28 The 
responses of some patients to tyramine-containing foods may bP due to defi
ciencies of tyramine-o-sulphatase. Excess tyramine could act by releasing cate
cholamines or bradykinin in the tissues. Phenylethylamine has been shown to 
produce a significant increase in cerebral blood flow in experimental animals 
similar to that seen in migraine.29 

Nitrites and nitrate c01l•pounds, which are added to many foods and impa,t 
a cured flavor, are vasodilating agents and can produce a migraine-
like headache in some individuals.30 These additives are found in smoked 
fish, bologna, salami, frankfurters, bacon, corned beef, pastrami, canned 
ham, and sausages. Another food additive, monosodium glutamate (MSG), may 
trigger a pounding headache 20 to 30 minutes after ingestion.31 Prepared 
foods that l!ISY contain MSG are oriental-style dishes, instant and canned soups, 
potato chip products, dry roasted nuts, processed meats, instant gravies, 
TV dinners, etc., and dishes in which gourmet seasonings have been added. 

The vasodilating effect of alcohol can provoke headaches.32 Experience 
shows alcohol is more likely to trigger an attack at certain times, suggesting 
a periodic vulnerability at times of fatigue and stress, as with parties and 
excitement. Certain drugs are known to precipitate migraine-like headaches. 
Reserpine and drug combinations which contain vasodilating properties to con
trol hypertension may provoke headaches similar to migraine.33 However, it 
should be noted that none of these drugs produces the complete attack. 

Patients with frequent migraine attacks or headaches should be careful 
with the -ount of caffeine the: take. The cumulative effects of caffeine 
in coffee, tea, and cola, and widely used medicaents and nonprescription 
headache medications must be considered. Withdrawal from l~rge amounts of 
caffeine can produce head pain wt-:ch simulates migraine, or can trigger an 
attack of migraine, 

·--·----
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The exact effect oi food on migraine headache remains unclear. Some 
individuals appear reliably vulnerable to certain foods. It is valuable, 
therefore, to question all headache patients for possible links with food 
or drug ingestion. However, foods appear to play only a small part in the 
actual triggering of migraine attacks. Careful inquiry into these situations 
will usually indicate other emotional factors during the day, or prior to the 
taking of the food, which might be more closely related to the attacks. 

Migraine tends to be worsened in WDll!en at times of hormonal changes 
such as menstruation, ov-~lation, menopause, during use of contraceptive 
drugs, etc.34,35 In many, oral contraceptives tend to worsen migraine, and 
their withdrawal may result in marl:ed improvement of migraine in up to 70% 
of women using them. On the other hand, it is known that the attacks of mi
graine occur as estrogen level falls and may be delayed or abolished if high 
levels are maintained by administrati= of estrogen.35 Women aircrew or pilots 
subject to migraine who take estrot ms should be maintaf.ned on the drugs 
when flying to avoid the possibility of attacks during the withdrawal phase 
from estrogens. 

Exposure to altitude, 8,000 feet and above, may trigger headache. Migraine 
patients may develop visual, sensory, or motor aura only, immediately after 
exposure to altitude, rather than delayed 6 hours or more after exposure as 
in the nonmigraineur. 

Exertion alone may trigger a headache in a migraine patient and is not 
necessarily related to the level of physical activity.36 

Correlation between migraine attacks and meteorologic conditions of atmo
spheric pressure, temperature, and ionization has not been established. However, 
a significantly high incidence of headache symptoms was shown during certain 
weather phases related to disturbed circadian rhythms.37 

Migraine-like phenomena during and after flights at high altitude 
have been recognized.38,39 In many cases, the homonymous scotomata have been 
remarkably similar to those in migraine. T'ney are often surrounded by a 
scintillating ~order of light described as zigzag or wavy heat lines. The 
scotomata may be apparent even when the eyes are closed. There are similari
ties of such scotomata with the visual phenomena of migraine. They can be 
altered or eliminated by inhalation of CO2. There is no agreement that persons 
with a personal or family history of migraine are predisposed to the develop
ment of the scot0111ata as complications of decompression sickness. 

Mental symptoms smilar to those occuning in l!ligraine are apparently 
common in pilots with the syndrome of dysbarism. These t:iay include confu
sion, restlessness, hallucinations, bizarre behavior, delirimn, and amnesia. 
Although the mental changes bec0111e severe, the pilot will have no awareness 
of his problem nor of the extent of his neurologic il!lpai1'111ent. Minor mental 
changes which do not progress could cause a subtle deterioration of judgment 
which could be a significant haz&rd to flight safety. Dysbarism in suscep
tible pilots requires restriction of their flight altitudes to 18,000 feet 
or lower, and if an attack in flight occurs, there 111.lSt be immediate return 
to lower altitude. 

---~~-----
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Hyperbaric 01ygenation will cause intense vasoconstriction of the cere
bral vessels because of the vasoconstrictive action of oxygen. Migrainous 
patients fTequently have attacks of photopsia precipitated by exposure to 
hyperbaric oxyfen in a pressure chamber, and persistent field defects have 
been reported. 2 

Clinical Features 

A migraine headache is usually unilateral, but the pattern of each attack 
may vary or be consistent for months, then change to the opposite side, alter
nate sidedness, or become bilateral. An attack n:ay occur with visual symptoms, 
without pain, or head pain without gastrointestinal symptoms, etc. 

An attack may begin at any time of the day or night. Nocturnal migraine 
awakening the patient with an intense pounding headache is not infrequent. 
The frequency of migraine attacks varies throughout the lifetime of the pati
ent, and the attack may occur yearly, monthly, daily, or for periods of days, 
then go into remission for weeks or months. Daily attacks of severe intensity 
(status migrainous) may sometimes incapacitate the patient. The excessive use 
of ergot, or analgesic dependency with "rebound" vasodilatation pain, can cause 
a continuous headache. However, daily headaches for months or year~ are usually 
not due to migraine, but are caused by anxiety or depressive states or some re
lated condition. 

Although certain features follov a recognizable sequence, which permits 
classification into specific types, the patient's headache may not always 
have the specific features of classic, common, or ophthalmoplegic migraine 
or their variants. An individual may have classic migraine, but at other 
times may have common migraine or headaches which are difficult to classify. 
It is rare for a patient with migraine not to have tension headache at some
time of life. For purposes of classification the following types of migraine 
~re descrifled. 7•43 

Classic Migraine - The heaJache is recurrent and periodic. Familial and 
personality factors appear to be important in pathogenesis. Generally, the 
prodromes are sharply defined. The aura of classic migraine usually lasts from 
20 to 40 minutes before onset of the headache. Contralateral neurologic mani
festations, usually visual but sometimes hemiparetic, hemisensory, or dysphasic, 
may occur in sequence or concomitantly. The visual symptoms include teichopsia, 
fortification spectra, field defects, and amblyopia. Frequently, the patient 
can describe not only his vjsual sensations but als~ ~he exact date and cir
cUJIIStances of the attack. 

The vi~ual ecotomata of classic migraine m&y have different shapes and 
configurations and are often bordered by moving streaks of light. They are 
someti-s described as jagged in outline or resembling the battlements of a 
medieval castle (fortification spectra). They are hOIIOllymous, and most pa
ti.ents develop a temporary b01110Uymou,; hni.anopia, which begins as a central 
scotoma and gradually spreads out toward the periphery of the homonymous visual 
fields. Alaost all complain of an assos:iated photophobia, sometimes with an 
aversion for a particular color or black and white (chromophobia). In some 
patients the nsual hallucinations are limited to one eye rather than to one 
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half of the visual field. Sensory disturbances may develop s:lmultaneously 
in the fingers and t01,gue. The headache phase usually begins when the pro
dromal S}'ll!Ptoms fade. The ~ain is throbbing and lasts from hours to a day 
or longer, in the later stages often spreading to other parts of the head. 
Anorexia, nausea, vOilliting, sonophobia, and photophobia are concomitant fea
tures. Although the prodromal symptoms generally precede the headache, 
ophthalmologic and neurologic symptoms uy develop during or after the onset 
of headache. Classic migraine occurs in about 10% of patients with migraine. 

Connnon Migraine - This is the most frequent type of migraine, occurring 
in over 80% of migraine sufferers. The ,dromes of connnon migraine are vague 
and may precede the attack by several hours or days. They vary widely from 
patient to patient and include psychic disturbances, fatigue, gastrointes
tinal manifestations, and changes in fluid balance. The actual headache 
episode lasts fr= many hours to sever~! days. The pain may be pulsating, 
then persist steadily either unilaterally or involving the whole cranium. 
Associated sy,rq,toms and signs include anorexia, nausea, vomiting, fatigue, 
chills, localized or general edema, and diuresis. The occurrenc~ of nasal 
signs and symptoms may lead the physician to ascribe the headache to involve
ment of nasal structures. Photophobia and sonophobia are prominent features. 
This type of migraine commonly occurs on weekends and holidays and during 
letdown periods. 

Cluster Migraine (Ciliary or Migrainous Neuralgia, Histamine Cepha
lalgia, Petrosal Neuralgia) - This headache occurs in a s~ries of closely 
spaced attacks; these may be followed by remissions of months or even years. 
In over 65% of the patients with cluster headaches, the facial thermogram 
reveals multiple spotted araas cf dense coolness in one supraorbit:al region, 
"lneys ipsilateral to the headache; these areas are not found in other types 
of vascular headache.44 Not all agree that this should be included ass 
migraine variant. 

Ophthalmoplegic Migraine - In this rare type of migraine which may occur 
in the young adult,4~ the pain is moderate, on the same side as the ophthal
moplegia, and accompanied by extraocular muscle palsies usually involving 
the third cra.'lial nerve •. There is pupillary dilatation and external stra
bismue with diplopia due to paralysis of third nerve function. Often the 
paralysis occurs as the headache subsides, three to five days after o~set 
of a persisting headache. 

Repeated ophthalmoplegic attacks may cause permanent injury of the third 
cranial nerve. It is possible the third nerve is compressed by swelling and 
edema of the posterior cerebral and superior cerebellar arteries during th~ 
stage of vasodilatation. One should be alert for the presence in these 
patients of an aneurysm of the internal carotid, or of a sphenoidal mucocele 
on the main trunk or at its junction with the posterior commur.icating artery. 
Periarteritis with influs.atioa of the carotid siphon also simulates ophthal
moplegic migraine. It is characterized by a steady, retrobulbar, gnaw-Ing pain 
preceding or following paralysis of the ocul01110tor nerves. Its course is vari
able; a":taclts may last for days or wee!ts with or w!.thout visual deficits. 
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Hemiplegic Migraine - The hemiplegic migraine complex is characterized 
by neurologic deficits, hemiparesis, or even hem!plegia. The neurologic 
phenc:iena of both hem1plegic and ophthalmoplegic migraine may persist for some 
time after the headache has subsided. Recurrent attacks may occur ove, years 
or moriths. Familial hemiplegic migraine is characterized by the familial his
tory and by the fact that attacks always occur on the same side in members of 
a family. In hemiplegic lldgraine, incomplete recovery is not excepcional, 
while in the familial type the symptoms are of relatively short duration anri 
regress completely. 

Basilar Artery Migraine - In this variant of migraine, 46 the preheadache 
phase reflects circulatory disturbances of the basilar artery in the braio 
stem, thalamic, occipital, and cerebellar regions, all of which are fed by 
branches of the vertebrobasilar arterial system. The prod.romal period mny in
clude visual loss and brain stem . 7-mptoms, ranging from pzresthesias to 
verttgo, ataxia, and dysarthria. Ophthalmoplegic, ver:iginous, sensory, 
autonomic, and bilateral visual disturbances may occur. Severe throbbi~g 
occipital pain and vomiting follow. Transitory loss of consciousness has 
occurred with the attacks. In young women, the attacks ar~ often related 
to menstruation. 

Complicated MigTllir.e - The neurologic symptoms of classic migraine 
may persist beyond the headache phase. This variant has been called "com·
plicated migraine. ,.47 Permanent sequelae may oc.::ur ,..fter e:tt,acks of migraine 
and occasionally result in major or minor cerebrovascular acridents.4d 
These include thrombosis of ~erebral or retinal vessels during vasoconstric
tion, and hemorrhage from rupture or diapedesis of the it:trac.ranial or £Xtra
cranial vessels during vasodilatation. There is usually a fiwiily history 
of migraine in these patients, ancl previous history of migraine attacks i~ 
early life. 

Disturbances of speech are more common in complicated migraine than is 
usually estimated. Dysarthria, repetitive expressions of sinple syllables 
or simple words, and/or complete aphasia have been noted. Re.::eptive aphasia, 
dyslexia, dysgraptia4 inability of word finding, and amnestic aphasia hav2 
also been reported. 41 This important condition may be misdiagnosed as due 
to another CNS condition. Therefore, careful workup of patients with such 
signs and symptoms is indicated. The use of CT scan should simplify diagnosis. 

Migraine ~guivalents - A patient who has had '4igraine attacks may have 
these replaced by periodic recurrence of other bodily disturbances. These 
t.ave been called migraine equivalents and inch1de paroxysmal tachycardia, 
vertigo, cyclic edema, and pain in tqe chest, thorax, or pelvis.43 They 
may consist of upper ab~ominal pain and epigastric tenderness assoclated 
with nai.:cea, vomiting, and diarrhea with little or no headache (abdominal 
migraine). During the first few attacks, the condition may be mistaken for 
appendicitis, gastroenteritis, or pancreatitis. In abdominal migraine, the 
EEG may show small bursts of focal slowing, while in abdominal epilepsy it 
~:.11 s~ow sp!kes and cmamonly theYe will be disturbances of consciousness. 53 
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OTHER CRITERIA FOR DIAGNOSIS 

Clinical Examin~tion - Diagnosis and rational treatment of migraine 
require the physician to understand the basic mechanism of headache, to 
analyze and interpret the clinical data derived from a careful history and 
examination, and to make appropriate laboratory tests. The history alone 
will o.ften indicate the diagnosis. The physical examination, including a 
neurologic examination, may reinforce the first impression or open up other 
possibilities. The patient complaining of headache warrants complete 
physical and neurologic examinRtions. Although often negative, they are 
basic to the understanding of both the physician and the patient. 

RELEVA.vr DIAGNOSTIC PROCEDURES 

As part of the initial physical examination, some ancillary studies are 
advisable for all headache ~atients, including blood count, ESR, urinalysis, 
serology, and selected chemistries. Such laboratory studies help reassure 
the patient there is no evidence of structural systemic disease. 

The recommended radiologic examinations are largely atraumatic or non
invasive. An x-ray examination of the skull should probably be made of every 
patient. While the lateral v:few gives the most information, the frontal 
view showing paranasal sinuses, orbits and temporal bones is also important, 
and a lateral view of the cervical spine is desirable. 

EEG is advisable if structural disease or a focal lesion of the central 
nervous system is suspected. Visual field testi'lg is indicated, if there is 
evidence of early increased intracranial pressure or hemispheric dysfunction. 
A spinal fluid =amination should be done if there is suspicion of intracranial 
infection or hemorrhage. 

Special studies like CT scan, brain imaging, cerebral angiography, intra
cranial pneumography, myelography, and muscle and artertal-wall biopsy are 
usually reserved foc,: complicated cases in 1/ihich one of the p-rel.iminar;, diag
nostic tests indicates a structural lesion. No changes were found in CT 
scans during migraine attacks in any of 28 patients examined. Although CT 
scan rarely reveals pertinent information in headache patients with a long 
history and noncontributory physical and neurologic examinations, the pro
cedure may disclose unsuspected intracranial pathology in an occasional patient 
with vascular headaches and notriial neurologic examination. 

Differential Diagnosis 

Migraine must be differentiated from other conditions producing chronic 
recurring headache. These include aneurysms and vascular malformations, in 
which the rect,rrent headache is practically always on the same side of the 
head as the malformation and in which focal neurologic signs and bleeding may 
be present. Headaches resembling Digrain~ with onset in older age groups in
clude those associated with temporal arteritis, hypertension, ~arotid and 
basilar artery insufficiency, and glaucoma. Other disorders to be considered 
are pbeochr~cytoma, carcinoid, mastocytosis, hypoglycemia, and tumors, 
particu1arly those wbii.h are pituitary, parapituitary, or occi;1ital in location. 
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Allergic headaches differ from migraine in history, physical characteristics, 
and response to allergy therapy. Continuous headllche of months or years 
duration should not readily be accepted as migraine; rather, the condition 
suggests an underlying anxiety and depression. 

PROGNOSIS RELATIVE TO SUDDEN OR INSIDIOUS INCAPACITATION 

There is a high incidence of ophthallllic migraine in individuals over 50 
years of age, and unless the physician is acquainted with this partial syn
drome and pursues the patient's description of the visual symptoms, the 
physician will probably make the wrong diagnosis, usually that of transient 
ischemic attacks (TIAs). The usual ischemic attacks of transitory blindness 
(amaurosis fugax) are IIIUch shorter in duration, seconds to 3 to 5 minutes. 
usually monocular, rarely hemianopic, and not accompanied by hemianopic 
fortification spectrum. Visual loss lllaY be total or partial, and occasionally 
photopsias consisting of showers of stationary flecks of light that disappear 
quickly may occur as well as other types of scotomata. 

Patients with migraine may have internal carotid artery disease with 
severe stenosis, and early recognition of the causes of thes~ visual 
phenomena is impor~ant before a catastrophe occurs. The presence of a 
yellowi.sh, shiny, cholesterol plaque on funduscopic examination may give in
~ication of emboli released from atheromatous plaques in the carotid artery. 
Intraoptic disorders and the visual phenomena due to retinal disorders, are 
other considerations. 

Although expanding lesions in the cranium, such as neoplasms, abscesses, 
and hematomas, are rarely accompanied by headache which simulates migraine, 
the former obviously can occur in llligrainous individuals. Thus, a migraineur 
with an expanding intracranial lesion may discount his headache and other _symp
t01IIS as part of the migraine attack. 

MEDICAL Tl!.ERAPY AFFECTING PERFORMANCE 

The array of pba.--macologic approaches proposed for migraine is more re
markable for diversity than for therapeutic results. The diversity derives 
from lac:k of insight into the disease and a subsequent reliance on various 
empirical treatments. The problem lies mostly with the lack of adequate con
trols or comparison groups. 

The principal pharmacologic agents suggested for the treatment of migraine 
include drugs which: 

1. produee vasoconstrietion: ergotamine tartrate, norepinephrine, and 
other sympathomimetic amines. 
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2. simulate action of serotonin at receptor sites, acting u competitive 
serotonin inhibitors: methysergide, cyprobeptadine, pizotifen. 

3. block beta-adrenergic receptors on blood vessels and prevent vas
odilatation: propranolol hydrochloride. 

4. prevent the depletion of serotonin and possibly other vasoactive 
amines, such as catecholamines imd histamines, by interfering with the action 
of monoamine oxidase inhibitors. 

5. inhibit the uptake of ,norepinepbrine and aerotonin, including tri
cyclic antidepressants, like imipramine hydrochloride, and amitriptyline hydro
chlori.de. 

6. directly stimulate arterial alpha recepl c ·.s; clonidine; studies of 
this drug have not generally shown a beneficial result surpassing that of 
place!>o. 

7. have miscellaneous actions: tranquilizers, sedatives, muscle relaxants, 
heparin, lithium carbonate, levodopa, bromocriptine. incomethacin, prednisone, 
estrogens, serotonin precursors (tryptophan and 5-hydroxytryptophan), papaverine, 
anti.convulsants (di.phenylhydantoi.n). 

The Acute Attack 

Qnly a few of t:he above agents will be considered. In mild attacks, 
commonly used analgesics or sinall doses of codeine may be effective if 
administered early eru:,ugh. 

Of all the agents ased and studied, ergotamine tartrate is still the 
,nost effective in the treatllent of an acute mgran.e attack. It is effective 
in aborting or relieving-migraine by constricting scalp atteries, an action 
which probably is related to the restoration of dilated vessels to a nonpain
ful, normally constricted state, and restoring the pain threshold to normal. 

Caffeine when combined with ergotamine acts synergistically by potentiat
ing the vasoconstrictor effect of the ergot alkaloid. In addition, caffeine 
promotes faster, more complete intestinal absorption of ergotamine, thus re
ducing the total dosage of ergotamine required. 

Ergotanine tartrate can be given orally, sublingually, parenterally, 
or rectally. The rec~ded oral or rectal dose is 1-2 mg at the onset of 
headache, followed by 2 mg within the hour, but not more than 6 mg for any 
single attack. In our experience, rectal suppositories of ergotamine and 
caffeine are effective if ~dsin1stered at the beginning of an attack. A 
second suppository aay be given after one hour if the headache persists. 
Ergotamine should not be adsin:lstered more than a few times a week, and the 
total weekly dose should not exceed 10111g. Following the administration of 
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ergotamine preparations in any form, the patient should be instructed to rest 
in bed until the headache bas subsided. 

Side effects of ergotamine are numerous. Ergotism with ischemia of the 
extremities -y follow habitual or excessive use of ergotamine tartrate, and 
although tbe condition is rare, the physician llltlSt be alert to its possibility. 
Ergotamine preparations should l>e used with caution in hypertensive subjects 
and are contraindicated during pregnancy and in patients with peripheral 
vascular disease, angina pectoris, and septic states. 

In an occasional patient, status migrainosus may develop as continuous 
headache lasting for days, accompanied by severe prostration and intermittent 
vomiting and dehydration. Such patients require hospitalization, restora
tion of fluid and electrolyte balance with intravenous therapy, control of 
vomiting, and sedation. 

Isometheptene aucate (65 mg) is a sympathomimetic agent which in combina
tion with acetaminophen (325 mg) and dicbloralphenazone (100 mg) has not yroved 
effective in our bands in treatment of migraine attacks unless of moderate in
tensity. Meperidine combined with an antimimetic is occasionally necessary 
for treatment of an acute attack which is refractory to ergotamine. 

If migraine attacks are prolonged and not aborted by the usual anti
migraine agents, steroids may terminate the attacks. 

Interval treatment - Most chelllical agents introduced for prophylaxis 
of migraine were first used to treat other disorders and then incorporated 
into the list of antimigraine agents. The clinical picture of migraine may 
include periods of remission and exacerbation, and the patient may respond 
for short periods of tillle to any one of a variety of treatments. The effect 
of drugs is therefore especially difficult to assess. In some studies, a 
placebo has reduced th~ frequency of migraine in over 45% of patients. 

Methysergide58•59 maleate has proved to be an effective prophylactic 
agent in migraine, suppressing attacks partially or completely in 60% of 
patients. It is indicated in patients whose migraine headaches occur more 
than once a week, but it is of no value in treatment of an acute attack of 
migraine. The agent is a potent antagonist of serotonin and may act by 
substituting for serotonin at receptor sites. Side effects a~e of relatively 
high incidence. Since these -y include conditions from long-term therapy 
resembling retroperitoneal and pleuropulmonary fibrosis, 60 the drug should 
no't be used l,ongeY than f, 1110Uths, follO>ied b-y 't.'lio 111<mths off before it is -re
sumed. Also, chest x-ray, EKG, and appropriate chemical studies are indicated 
at frequent intervals. 

A compound which can be useful for the prophylactic treatment of mignine 
and has been accepted by the FDA for the treatJDent of vascular headaches con
tains ergotS!!line tartrate, belladonna alkaloid, and phenobarbital. The dosage 
is one tablet three times a day. 

-· ··-- --------------:---~--::-:--=-
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Cyproheptadine hydrochloride, which is antagonistic tn both serotonin and 
histamine, has been used for the prophylactic treat>llent of migraine. While it 
was not found to be significantly effective in a double-blind controlled test, 
cyproheptadine has reduced the frequency and severity of headache in some 
patients. Side effects include drowsiness, stimulation of appetite, and weight 
gain. 

While propranolol hydrochloride, a beta-adreuergic blocker, has been used 
in patients with migraine,61 , 62 some have had only limited success with it. 
Alprenolol, 10% to 40% more potent as a beta-blocker than propranolol, has 
shown little or no effect on the frequency of headache attacks when used for 
migraine prophylaxis. A caveat about propranolol is the possibility of pre
cipitating or potentiating heart failure or asthma. 

Initial pharmacologic reports suggest a benzocycloheptathioprene de
"ivative closely related structurally to cyproheptadine, has marked anti
serotonin and antihistamine effects.63,64 Although in clinical trial the 
drug appeared to be safe and effective in the drug preventing migraibe, 
further evaluation is necessary, and is not now available in the U.S. 

Tricyclic antidepressants, such as imipramine hydrochloride and ami
triptyline hydrochloride, are more effective than the anxiety-reducing drugs 
in patients with migraine, who are also subject to depression. 65 These drugs 
act by inhibiting the uptake of norepinephrine and serotonin in peripheral 
and central neurons. 

Monoamine oxidase inhibitors, which maintain or increase serotonin levels, 
should generally not be used in migraine because of their potentially serious 
side effects and the extremely variable responses they elicit. They are to be 
reserved for patients who are completely r~istant to other forms of medication. 

Minor tranquilizers may be beneficial in reducing anxiety, and may 
temporarily improve the patient's ability to handle stre5$. These chemical 
agents should be used only on an intermittent basis. The benzodiazepines 
appear to have a more specific action against anxiety and are preferable to 
barbiturates. 

Using a combination of dipyridamole and aspirin, which are nonsteroidal 
antiinf1-tory platelet inhibitors, resulted in fewer migraine attacks to
gether with the decrease and eventual noraaliution of previously abnormal 
platelet aggregability,66 but there were .a., controls. 

Undoubtedly the con1;raceptive pill produces an exacerbation in migraine 
in 4lOlle patients, which takes the form of an increase in the frequenc:y of the 
severity of the attacks. On the other hand, relief of headache occurs in 
SOiie youag - who take oral contraceptive pills. It is known the attacks 
of migraine occur as estrogen levels fall, and may be delayed or abolished if 
levels are aaintained artifically high by administration of estrogens. 
Women with migraine on maintenance estrogen therapy may experience a marked 
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improvement, if the dose of estrogen is reduced and cyclic interruption of 
therapy is avoided.35 The use of estrogen therapy in migraine patients must 
be balanced with the risk of the thrombotic and carcinogenic effects of the 
estrogens. 

Acupuncture - Acupuncture appears to help some patients with chronic re
curring headache, but there are many patients who have taken a series of acu
puncture treatments without relief. At this point, there are insufficient 
data, including controlled studies, making it wise to withhold judgment in 
evaluating the role of acupuncture in this condition. 

Autoregulatory Techniques 

Va~ious autoregulatory techniques recently were introduced for treat-
ment of migraine, with variable results. One of the major techniques is bio
feedback, a technique using instruments to give a person immediate and con
tinuing signals on changes in a bodily function of which he is not usually con
scious. Theoretically, the input enables the patient to affect and control 
the "involuntary" functions and systems not usually under voluntary control. 
Some medical centers use temperature feedback combined with relaxing "autogenic" 
phrases-a method called "autogenic feedback training.··6 7 

Related to the biofeedback theory are a variety of other relaxation 
techniques espoused by followers of Zen, Yoga, transcendentalism, and other 
types of meditation, and by physicians who use techniques of progres~ive re
laxation. It appears some individuals who practice these technique~ secure 
temporary relief frDlll their tension states and migraine. However, patients 
who use these techniques generally do not understand the factors which pro
duce the tension, so that rather than getting at the cause of the tension, 
there is a reconditioning or a "covering" rather than improved insight about, 
or a working through of, the patient's problem. 

Psychotherapy 

Emotional factors frequently precipitate migraine and muscle contraction 
headaches. The treatment of psychologic aspects is paramount, because the 
tensions developed by migraine patients over repeated frustrations, hostility, 
anxiety, and inability to meet personal standards of perfection often become 
the setting in which the llligraine attack occurs. 24 , 68 

For these patients, the supportive doctor-patient relationship during the 
initial phase of therapy is a key step in treatment. If the patient feels the 
physician is really an interested, understanding, sympathetic person, he or 
she gains confidence in the physician. It is then possible to explore those 
factors in the patient's life situation which have led to resentment, hostility, 
and self-punishment. The patient must be allowed free expression of conflicts, 
resentments, and dissatisfactions, in order to gain insight int, how these 
emotional factors relate to the physiologic basis of the attack. The patient 
needs reassurance, support, and guidance in redirecting behavior patterns to 
enable a more effective and realistic dealing with major life problems. 
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f.nvir-tal. stren at~. at work, or in social situations may bring 
about aore tension or amdety than the patient cau endure. One of the f:lrst 
goals of therapy, areatly aided by the confidence engendered by the physician
patient relationship, is to remove as much adverse stress ss possible from the 
p&ti,!!llt's envi.:rlml!Nmt; this alone will probably decrease the number of head
ache attacks. 

On a so:ae.what more difficult level, the patient's conflicts must be 
ventilated. Often the patient is not -are that tension and anxiety are en
gendered by llllbivaient feelings of cOlllbined amairation and hostility toward 
a supervisor, spouse. parent, or child. These feelings !llUSt be ex;-lored, and 
the patient IIIUSt be reassured there is nothing unworthy or disgraceful about 
them. Therapy should include reassurance, suggestion, psychic catharsis, and 
reeducation. 

The physician should limit himself to supportive therapy, guidance, 
counseling, and situational insight. Interpretive insight, uncovering 
transference, and long-term intensive therapy should be done only by the 
psychiatrist. 

SURGICAL THERAPY AFFECTING PERFORMANCE 

Over the yeara, various surgical procedures have been proposed for the 
treatment of ngraine, but none has proved to be effective. Therefore. 
surgical intervention is not recomnended. 

Smmnaey of Migraine Therapy 

The most effective management includes a multiple approach and the 
following: treatment of the whole patient; removal or reduction of pre
cipitating factors; help in understanding the situational and environmental 
factors producing emotiQnal tensions; guidance in resolving conflicts; and 
the selective and judicious use of pharmacologic agents. 

EFFECTS OF STRESS OR OTl!ER STATES RELATING TO PROBABILITY OF 
INCAPACITATION AND PROGNOSIS, AND RECOl.1MENDAT1ONS 

Men and women who suffer from migraine in adolescence and early adult 
life are poor risks for a,"iation. This is shown in military aviation where, 
under the stress of flying, the migraine tendency is likely to becnme 1110re 
of a problelll. Migraine attacka by nature may have long periods of remission 
or activity and are capricious in onset. They may completely incapacitate 
the sufferer. Because each crew 111ember has an essential role, severe migraine 
should bar any from medical certification. This, of course, includes the 
pilot. who cannot predict when there will be severe stress. 

·The patient with classic aigraine aud its variants such as ophtbalmoplegic, 
ophthalmic, hemiplegic, and coaplicated migraine is always at high risk and 
sb01>~d not be a pilot or --.ber of a er.,... 
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A aigTaineur vbo aust take prophylactic aedication of any type, should not 
fly. Altho~b eide effects uy be llild, the flyer is functiOlling phannaco
logically, DOt physiologically, and is therefore 1110re wlnerable to stress. 
W- on estrogen replacement therapy should wntain the uae of estrogens vhen 
they are ~rt of the aircraft crew. 

It -Y 1>e anticipated 1:hi.1t headache will recur during a 111ajor crisis and 
during periods of great atress, when the indiVidual i~ taxed to the limit. 
Avoidance of the earlier discussed precipitating factors will reduce the fre
quency of attacks, but it lll8y be very difficult to achieve personality and 
situational readjustments. 

Positious entailing responsibility, decision making, and constant pressure 
with little opportunity for 'IIOdification will increase the likelihood of an 
attack in the 1111.graineur. The signs of a poor prognosis in migraine are fixei! 
attitudes in the face of an unalterable situation. 

In the aain, a better prognosis can be offered to a patient who has had 
the migraine aynci%- for a short time than to one who has had headaches 
since childhood. Not all ltd.graine disappears at the ,nenopause in wOlllen, and 
in men at the age of 45 to 50 years. For rigid persons, however, middle life 
-y bring with it increasing difficulty in adjustment, and migraine may become 
worse instead of better. Thus, the prognosis for migraine which starts or con
tinues into this period is poor. 
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DIZZINESS AND DISOru>ERS OF EQUILIBRIUM - PANEL 8 

David A. Drachman, MD (Chairman), Ronald I. ApfelbaUJO, MD, and 
Jerome B. Posner, MD 

During the operation of an aircraft, disorders of equilibrium may 
interfere with the capacity of air crew members to control the aircraft 
in either of two ways: through the abrupt occurrence or recurrence of 
episodic dizziness or disequilibrium in an lndividual vho is normal at 
other times; 1 or, through a continuous state of disequilibrilllll without 
episodic changes. In either case, diz:iness or disequilibrium may prevent 
accurate control of the aircraft during maneuvers requiring a high degree 
of perceptual accuracy, such as takeoff, landing, inflight attitudinal 
changes, instrument flight, etc. The considerations for evaluation of air 
crew fitness, the predictability of incapacitation, and the consequences 
of each type of disequilibri!JDl on aircraft control may be quite different. 2 

Entry of air crew members into the following disequilibrium protocol 
may occur in several circumstances: 

1. complaints of dizziness, vertigo, or light-headedness 
2. complaints of loss of balance 
3. observations by others of episodic or persistent impairment 

of balance 

CI.i.SSIFICATION OF DISORDERS OF EQUILIBRIUM 

Differentiation among the possible causes of disequilibrium and dizziness 
is often the most difficult aspect of medical management.3 Table I shows 
the cla~~ification of disorders resulting in disequilibrium and will be 
used as the framework for discussion. Special laboratory procedures which 
are of value in assessing disorders of equilibrium are listed in Table 2. 

DISORDERS PRODUCING SUDDEN EPISODIC DIZZINESS!DISEQUILIBRIUM 

Vertiginous Disorders - Many conditions may produce subjective complaints of 
rotation, either of the patient or of the environment. Some are due tc 
disorders of the peripheral vestibular system, while others are due to 
central nervous system (CNS) involvement. While in many cases history alone 
is suggestive of the correct diagnosis, it is critical to perform a 
neurologic examination in every case. Peripheral vestibular disorders 
can be diagnosed confidently only in the absence of evid~nce indicating 
cranial nerve, cerebellar, corticospinal tract, or other brain stem involvement. 
As appropriate, other studi·,s tha~ should be obtained to distinguish among 
the vertigiuous disorders include Cl scan, audiometry, electronystagmography 
(ENG), and petrous polytomograp~y; and in selected cases, lumbar pun~ture, 
and auditory and/or visual evoked responses (Table 2). 

Vestibular Disorders -

Benign positional vertigo (BPV) - This is a true rotational sensation, 
accompanied by nystagmus, and occuring only on cr.ange of head position. 10-!3 
The "Nylen-Barany" (Hallpike-Dix) maneuver characteristically preci'!>itates the 
vertigo and nystagmus, which occur after a latent period of several seconas 
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TABLET 

I. DISORDERS PRODUCING SUDDEN EPISODIC DIZZINESS/DISEQUILIBRIUM 

1. Vertiginous disorders 

A. Vestibular disorders 

B. 

1) Benign positional vertigo 
2) Acute peripheral vestibulopathy 
3) Acute and recunent peripheral vestibulopathy 
4) Meniere's disorder 
5) Alternobaric (dysbaric) vertigo 
6) Momentary vertigo with hyperactive labyrinths or labyrinthine 

imbalance 

Central disorders 
1) Transient ischemic attacks 
2) Multiple sclerosis 
3) Brain stem migraine attacks 
4) Vertiginous epilepsy 
5) Cerebellopontine angle tumors 

2. Hyperventilation syndrome 

3. Syncopal events 

1) Orthostatic hypotension 
2) Cardiac arrhythmias 
3) Hypersensitive carotid sinus 
4) Vasovagal syncope 
5) Hypoglycemia 

4. Acute psychi~tric disorders (panic states) 

II. DISORDERS PRODUCING CHRONIC DISEQUILIBRIUM 

1. Vestibular disorders 

A. Nonfuncticning labyrinths 
B. Vestibular imbalance 

2. Multisensory dizziness 

3. Central disorders of equilibrium 

1) Frontal lobe disease (Alzheimer's disease, CVA, NPH, etc.) 
2) Cerebellar ataxia 
3) Extrapyramidal disorders (Parkinson's disease, dystonia, etc.) 
4) Congenital nystagmus with oscillopsia 

4. Drug effects 

A. Drugs to control dizziness 
B. Drugs producing cizziness 
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TABLE II 

TESTS USEFUL IN THE DIAGNOSIS OF DIZZINESS/DISEQUILIBRIUM 

1. Radiological studies 

a) Skull x-rays with Stenver's views 
b) Polyto1110gyaphy of the petrous bones 
c) CT scan 
d) Cervical spine x-rays (six views) 

2. Neuro-otologic tests 

a) Electronystagmography4-7 
b) Audiometry (site of lesion§S 
c) Evoked response audiometry 

3. Neuro-ophthalmologic evaluation 

a) Routine evaluation 
b) Vestibula%·-ocular testing, or head-shaking visual acuity 
c) Visual evoked response 

4. Five-hour glucose tolerance test 

5. Psychometric testing; psychiatric evaluation 

6. Thyroid function tests 

7. Holter monitoring 

8. (A) Noninvasive cerebrovascular studies 

a) Oculoplethysmogyaphy 
b) Suction ophthalmodynamametry 
c) Phonoangiography 
d) Doppler flow studies 

(B) Four-vessel cerebral ~iography 

9. Blood gases and pH 

10. Peripheral nerve conduction velocities 

11. Electroencephalography 

U. Others 

a) Protein electrophoresis, :lmmunoelectrophoresis 
b) Platelet aggregability 
c) Lipid profile 
d) CBC; serology; PA chest; etc. 
e) Reguhr medical workup 

----- ~ --~ 
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and are accompanied by symptoms of subjective rotation, often with nausea 
and occasionally vomiting. The nystagmus is rotatory or horizontal and 
beats in the same direction regardless of head position. The vertigo 
and nystagmus are transient, lasting less than a minute, and decrease in 
severity on repeated positional maneuvers. Although in many vertiginous 
disorders, both peripheral and central, exaggeration of vertigo may be 
produced by change of head position, it is the exclusive occurrence of 
vertigo on positional testing which characterizes this condition. Other 
peripheral and central vertiginous disorders should be ,,-~~ed out using 
the appropriate tests. Although this condition is most frequently either 
idiopathic or caused by head trauma, rarely it may be associated with a 
vascular, demyelinating or space-occupying lesion of the posterior fossa. 

The course of BPV is variable. In some cases, there is only a single 
transient attack and the condition cannot be reproduced thereafter. Other 
patients have a bout of BPV lasting several months, during which time 
vertigo can be regularly reproduced by assuming the provocative head position. 
Some patients have a persistent susceptibility to BPV, while in others 
BVP may subside after several weeks or months, only to recur some months 
later. 

Recommendations - During a bout of BPV, when position change provokes 
vertigo and/or nystagmus, the pilot should not be allowed to fly. If, 
following a s•istained bout of 24 hours or longer, the pilot is free of 
positional vertigo for a year with full recovery, including position testing 
with ENG, he may return to flying. In recurrent forms, or with conU.nuous 
episodes of BPV, permanent grounding is recommended. 

Acute Peripheral Vestibulopathy (>.PV); Acute and Recurrent Peripheral 
Vestibulopathy (ARPV); and Meniere's D_isorder - These three entities share 
in COlll!lon the occurrence of spontaneously developing bouts of vertigo. 
Meniere's disorder is defined by an accompanying hearing loss and tinnitus, 
sometimes with auditory recruit:me~t and diplacusis, which may precede or 
follow the development of episodic vertigo.14-19 

APV is distinguished from ARPV by the occurrence of multiple episodes 
of vertigo in the latter group. 14 This distinction is somewhat artificial 
and is best made retrospectively, since many of the patients with APV will 
have additional attacks within one or several years. The terms, "vestibular 
neuronitis," "acute labyrinthitis," and others, have been used elsewhere 
for these conditions.2o;..24 

Vertigo may last from minutes to days in these disorders, but usually 
lasts for hours. Nausea, vomiting, and severe prostration may accompany 
the disorders. Residual impairment of vestibular function often develops 
producing a state of chronic disequilibrium which is particularly noticeable 
when the patient is in motion. 

Recurrent episodes of vertigo as well as persistent vestibular imbalance 
with disequilibrium may occur in patients with these disorders. The rate 
of recurrence of vertiginous episodes is high in ARPV and ~eniere's disorders. 
About half of those with APV may have a recurrence within several years. 
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Rec!llll9emiations -- Pilots wi:th any of these conditions should not be 
permitted to fly, with one exception: those who have had APV, have been free of 
symptoms for at least a year, Bztd have no residual impairment of balance 
on neurologic examination or significant abnormality on ENG may be permitted 
to return to flying. The recurrence rates of vertiginous episodes in 
ARPV and Meniere's disorder ordinar~ly preclude return to flying. 

In patients who have been free of recurrent episodes of vertigo for 
three years, or whc .:iave been free of vertigo for two years following 
appropriate surgery, return to fl7tng status may be considered. Because 
of the possible loss of vestibular s~sation due to the natural course of 
the disease or surgery, these individu.ils should be tested for appropriate 
performance in a flight s:Lmulat~r. 

Alternobaric Vertigo - In this common condition, vertigo occurs on change 
of pressure, often after a forceful Valsalva maneuver to clear the patient's 
ears, and is accompanied by oscillopsia and often nystagmus.25-28 The 
diagnosis is established by reproducing the patient's symptoms in a pressure 
chamber during per/ormance of a forceful 'Valsalva maneuver. This form 
of vertigo is often a1sociated with obstruction of the eustachian tube due 
to adenoidal hypertrorhy. 

Recommendations·- Pilotr, who have untreaied alternobaric vertigo should 
not be permitted to fly. However, when the underlying condition can be 
demonstrated to be due to eustachian tube compression by adenoidal hypertrophy, 
the condition has been surgically repa,red or has resolved, and episodes 
no longer can be reproduced in a press,,%,. chamber, the pilot may be allowed 
to resume flying. 

Momentary Vertigo with HyPeractive Labyrinths or Labyrinthine Imbalance -
Occasional individuals may complain of momentary vertigo, lasting from an 
instant to less than five seconds, which occurs with turning or changing 
positions.14 Such individuals may show either hyperactive responses on 
caloric testing or unilateral vestibular weakness. On ENG, slow phase 
velocity 5peeds greater than 50°/sec with cool irrigations, or 80°/sec wath 
warm irrigations, indicate a hyperactive response. A difference. ~f more 
than 20% in the total caloric responses between the two ears indicates a 
unilateral weakness. 4 Patients with labyrinthin~ imbalance may also have 
persistent disequilibrium or other complaints; the consequences of these 
symptOIIIS are discussed elsewhere. 

Recommendations - - When minimal symptol1l6 of vertigo last less than a 
few seconds and do not produce significant disortentation, as is usually 
the case with these conditions, they should not restrict pilots' flying 
capability. However, each case must be judged according to degree of vertigo 
and disability produced. Testing in a flight simulator, or under actual 
flight conditions, may be helpful in reaching a decision. 

Central Disorders - This group of disorders includes diseases of the 
cerebral hemispheres, brainstem, and intracranial portion of the eighth 
cranial nerve, which may produce acute and/or episodic vertigo or disequilibrilllll• 



210 

Transient ischemic attacks (TIA) - A TIA is an acute, reversible loss of 
neurological function lasting less than 24 hours, often caused by emboli 
from the heart or great vessels. 29 Acute vertigo and disequilibrium are 
symptoms which are said to occur with the TIAs originating primarily from 
the basilar-vertebral artery circulation.JO TIAs often recur unpredictably 
and may presage a cer@bral or brainstem infarction, which occurs days to 
years.after the first TIA. 31 In the great majority of patients with brainstem 
TIAs, damage to neighboring structures will produce neurologic symptoms or 
signs in addition to vertigo, facial weakness or nmnbness, diplopia, dysarthria, 
or cerebellar dysmetria. These findings distinguish brainstem TIAs from 
peripheral vestibular lesions. The diagnostic workup should include non
invasive cerebrovascular studies including those of platelet functions, 
and in certain cases, four-vessel cerebral arteriography. 

Recommendations -- A patient suffering one or more TIAs as defined above 
should be disqualified from flying, pending diagnostic workup and treatment. 
Several reports indicate that attacks can be controlled by surgical extirpation 
of off~ding lesions,32 by anticoagulant therapy,3l or by antiplatelet 
drugs. 3 The conditions .:md the criteria for return to flight status are 
discussed in the statement on cerebrovascular disease. 

Multiple Sclerosis (MS) -- This is a disease of the white matter of the 
brain, which can produce acute vertigo or disequilibrimn of sudden onset 
and occasionally can produce recurrent attacks. 34 The criteria for establishing 
this diagnosis are defined in the statement on common demyelinating and 
degenerative diseases. 

RecoDD.endations -- Because there is no effective treatment for this 
disorder, and because attacks of severe disabling vertigo can occur Sdddenly 
and at any time, patients in whom this diagnosis is established by appropriate 
diagnostic criteria, and who have previously experienced vertigo, should be 
disqualified from flight status, regardless of their signs or symptoms at 
the time of examination. 

Brainstem migraine attacks -- Acute migraine involving vessels of the brainstern 
r.an produce acute and recurrent vertigo, disequilibrimn, and loss of vision. 35 
The diagnosis is established by appropriate history and physical examination, 
as defined in the statement on headache. 

Recommendations•- The patient should be withdrawn from flight status 
until full examination is comp!eted. Various drugs have been reported t~ 
prevent the recurrence of migraine attacks in a substantial number of 
patients.36 Patients suffering from basilar artery migraine should not be 
permitted to fly, as detailed elsewhere. 

Vertiginous epilepsy - Focal cortical seizures originating in the superior 
temporal gyrus can produce acute verti~o followed by unconsciousness, with 
or without generalized convulsious.37, 8 

Recommendations -- Patients suffering from vertiginous epilepsy should be with
drawn from flight status pending complete neurologic diagnostic workup. 
Because seizures can occur at infrequent and unpredictable intervals, even 
when patients are receiving medical treatment, those suffering from vertiginous 
epilepsy should be permanently withdrawn from flight status. 

I 
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Cerebellopontine angle tumors - These tumors are generally benign lesions 
involving the eighth nerve, and they produce loss of vestibular function 
unilaterally. Clinical findings include loss of hearing, facial weakness, 
facial sensory loss, and ipsilateral cerebellar signs. Petrous polyt01110grams 
and CT scan often reveal the invading tumor in the internal au61tory meatus. 

Recoillmendations - Patients with a cerebellopontine angle tumor should 
undergo neurosurgical removal of the lesion. Studies of the long-term 
effects of acoustic neurinoma surgery show, however, that standarized 
batteries of postural equilibrium tests may be abnonnal for periods of at 
least two years after operation.39 Since abnormalities on such tests may 
l~ad to acute vertiginous episodes or loss of equil1br1Uill under vestibular 
stress, return to flight status should not be considered until a full 
battery of tests of equilibriUlll and vestibular function are carried out, 
including ENG. If the tests are normal and the mctirpated tumor was benign, 
the indiVidual should be allowed to return to flight status. 

Hyperventilation Syndrome -- Episodes of acute hyperventilation can occur 
abruptly in patients with or without a preexisting history of psychiatric 
disease or severe anxiety. 40 The etiology of the hyperventilation in most 
instances appears to be enotional, and accompanied by an acute lowering of 
co2 tension in the blood, which in tum reduces cerebral blood flow. 
Resulting symptoms include dizziness, faintness& positional vertigo, paresthesias 
of the extremities, and frequently, chest pain. 1 It is rare for patients 
with acute hyperventilation to lose consciousness, but if the hyperventilation 
i.s .. c-:.~=i.~ 'I,,-, a 'lal.sal.'la -u'ler, 'Z>'J=~ 'l!.a':J occur. ._ v,at.i.e,;i.t. '\,,el.i.e'le<!. 
to be suffering from an acute hyperventilation attack must undergo complete 
general physical and neurologic evaluation, 2 to rule out organic disease 
of the nervous system and to demonstrate that the symptoms are produced by 
voluntary byperventilation. 

Reco!llllendations - Patients should be withdrawn from. fli3ht status 
pending iull neurologic arui psychiatric evaluation. If the underlying cause 
for the hyperventilation is discovered, it should be treated, and the success 
of trea'tlllent of t'ne under1yi.ng cause s'nou1d 6etennme -return tt> i1.i:g'nt status. 
If no underlying cause is found for the hyperventilation, a single attack 
should not be disqualifying. Repeated attacks of hyperventilation symptomatology 
should be disqualifying. 

Syncopal Events -- Orthostatic hypotension, Cardiac arrhythmias, Hypersensitivity 
of the carotid sinus, Vasovagal syncope-

These conditions have in CODIIOil a sensation of faintness or impending 
loss of consciousness.43-4.t The sensation is typicai1y accompnnied by 61m 
vision and a fading awareness of the environment anJ may proceed to actual 
loss of consciousness. The differentiating char~cteristics among these 
four syncopal e~ents are primarily the circUJ!lstances under which they may 
occur: orthostatic hypotensi'ltl occurs on assU1Ding and 111aintaining an upright 
position; cardiac arrhythmias develop abruptly without precipitating events 
but accom.panied by palpitations; carotid sinus hypersensitivity begins upon 
turning or 110ving the head; and vasovagal syncope usually follows a frightening 
or emotion-filled situation. 

The diagnosis of orthostatic hypotension is established by observing the 
patient's blood pressure in a supine and standing position: a fall of 251nm Hg 

.,. . 
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systoLic and lS... Hg diastolic, accompanied by faintness, indicates the 
diagnosis. Evidence of cardiac arrhytbllia may require 24-hour Holter 
aonitoring, although in - cases the arrhythmia is evident upon cardiac 
exnin•t:ion or routine electrocardiogram. Unilateral stimulation of the 
carotid sinus for ten seconds will produce significa?lt slowing of the pulse 
and symptOIIIS of faintness in susceptible individuals. Vasovagal syncope is 
-re difficult to identify, except by exclusion. 

Rec eei•tions -- Syncopal episodes of any etiology resulting in actual 
loss of consciousness may recur at unpredictable intervals and disable the 
pilot abruptly and without waming. Pilots with any of these conditions 
should be disqualified from flying. When the episode does not produce 
complete lo,;s of consciousnus but is percei,~ed as dizziness or impending 
loss of consciousness, diaposition should depend on the underlying cause and 
the degree o' disability, Cardiac arrhythmias and carotid sinus hyper
sensitivity have been judged elsewhere to be disqualifying. Vasovagal 
syncope and orthostatic hypotension should be addressed in terms of the 
underlying cause and the likelihood of recurrence. 

H;ypoglycemia - Lowering of blood sugar either at a rapid rate or below a 
critical level (40 mg%) may produce feelings of faintness and confusion 
associated with diaphoresis and tremulousness. In some patients, this may 
occur only £ollowing a large load of glucose (reactive hypoglycemia}, while 
in others with islet cell adenomas it uy follow prolonged fast. A five-hour 
glucose tolerance test reveals ~eactive hy\>oglycemia, while a blood sugar 
determination following a prolonged fast may reveal hypoglycemia due to 
excessive insulin secretion. Finally, diabetics using insulin or other 
hypoglycemic agents may also experience hypoglycemia. 

Recommendations - Pilots with uncontrolled hypoglycemic episodes 
should not be pemitted to fly. Reactive hypoglycemia can ordinarily be 
controlled with an appropriate diet; and islet cell adenomas may be surgically 
removed or treated with streptozoctn.47 If hypoglycemia is under control, 
t\\e pilot -~ ~ peno.!.tted to -cetuni. to f1.y1ng at tb.e di.&creti.c:m. of a 
physician ¥1.th special expertise designated by tha Federal Air Surgeon. 

Acute psychiatric disorders (panic states) -•During an acute anxiety attack, 48 

patients may experience sweating, tachycardia, hyperventilation, and confusion. 
At times they may refer to this complex of symptOIIS as "dizziness," perhaps 
~ecause of thair own dist~rtion of sensations and the effects of hyperventila
tion. The diagnosis depends upon a firsthand report of the patient's 
appearance and acti.ons during the epiaode; when possib!e, identifying a 
~"t~i.~i.t.aU:ng -=t. i.;; usid\u.. "l's,cMat-i:i.c ~-ti.= v.houl.d be obtain~, and 
a psychometric test battery may be of value. 

RecO!!l!llelldations -- Individuals who suffer a single panic state under 
ext:!!Duating cirC1mStances may be permitted to fly, if it is clear that the 
precipitating circ:uastances no longer exist. Recurrent pani.c states should be 
evaluated psychiatTically and -Y require prolonged grounding. 

I 
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DlSOltDERS PRODUCING CHRONIC DISEQUILIBllIUM 

Vestibular disorders 

Nonfunctioning labyTinths - Harked bilateral vestibular hypoactivity or 
absence of function 14, 49 may result frOII! the use of aminoglycoside 
antibiotics such as streptcmycin and gentamicin, or -Y occur without 
known cause. Symptoms include unsteadiness of gait and loss of orientation, 
particularly in the dark, and inability to maintain accurate visual fixation 
when the patient is in 1110tion, for example, while walking or turning the 
bead. Caloric testing with ENG recording will reveal 111arked decrease in 
labyrinthine response. In addition, the "vestil>lllo-ocular visual acuity" 
will decline: ie, the patient's visua1 acuity will fall markedly when the 
patient attempts to read a visual acuity chart while •baking the head from 
side to side. 

R¢co crdations - Pilots with severely hypoactive or nonfunctioning 
labyrinths should not be permi.tted to fly. When there is preservation of 
some vestibular function, the vestibulo-ocular acuity may be a critical 
deteraining factor in deciding whether or not spatial orientation is 
signif1cazztly :l.apai.red. Testing ilt a flight simulator lllBY be helpful. 

Vestibular Imbalance - Patients with this condition. which may~ a 
sequel ot previous vestibulopathy in some cases,14 may experience feelings of 
unsteadiness on rapid change of position. Walking and turning may precipitate 
a feel:lng of v~ d.i.='luess~ Diagn<lsis '.Ls cmi.fi.nled h? caloric tes~, 
which reveals a significant difference between the responses of the two 
ears and a unilateral vestibular weakness. 4-7 

Rec~endations - This is described earlier under "monentary vertigo." 
Some patients with D0111eDtary dizziness upon changing head position are not 
significantly handicapped, while others may be. Evaluation for flying 
fitness aay require the use of a flight simulator or in-flight testing. 

~1.t.is-son 'ni?.·d.necss - This is a ieeU:ng of loss of balance or 
lightheadedness noted in patients with -ltiple sensory disorders, including 
two or more of the following: peripheral neuropathy, vestibular imbalance, 
visual impainnent, cervical spondylosis, or hearing loss.3, 14 The more areas 
of sensory impairment that e:rlst, the 1110re disequilibrium will occur, 
particularly on lllOtion or change of position. This condition is diagnosed by 
finding evidence of impairment in the areas described. 

Reco,maendations - Pilots with significant disability due to this form 
of 6i.%%iness s'nou16 uot be 1)1!!rmitte6 to fi-y • 'because of ~e-re sr,atia1. 
disorientation under conditions of -tion. 

Central disorders of equilibrium - Central disorders of equilibrium 
represent a variety of diseases of tbe brain and brain stem which produce 
chronic but stable abnormalities of vestibular or cer~bellaT function. 
The specific illnesses include: 

1. frontal lobe disease, normal pressure hydrocephalus, 
Alzheiaer's d:lsease. cerebrovascular accident, etc. 

2. cerebellar ataxia 
3. extrapyramidal disorders, Parltinsonism, dystonia, etc. 
4. congenital nystaJIIIUS with o~cillopsis 
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Recaaenclatious - Any disease producing chronic frontal lobe dysf~ction, 
cerebellar ataxia. or atrapyraindal disorders. other tbaJt benign esse-11tial 
tremor or consenital adl..11181 choreoathetosis, should disqualify the pil~t 
fr0111 flight status. Patients auffer1ng frga benign essential tremor or 
congenital ainiaal choreoatbet:>sis should be withdrawn from flight status. 
pending compleee general physical "'TIIPlination an4 neurologic evaluation. 
If it can be established that the condition is stable. nonprogressive, and 
nut currently interfering with neurologic function. the pilot should be 
re::unied to flight status. Patients suffering from congenital nystag111us 
with oscillopsia should be disqualified from flight status. 

!)rugs to control dizziness- Many of the medication° used to control 
dizziness and vertigo. such as the anticbolinergics. scopolamine and atropine, 
and the antihistaainics. meclizine and diphenhydralline. often produce 
drowsiness as a prominent side effect. ln other forms of dizziness, tranquil
izers and antidepressants may be used, al90Dll others. ~ents for the control 
of arrhytmdas anlf hypotension may also l>e employed.so 

Recoonendations - The need for an individual to remain fully alert and 
Cllpable of operating an aircraft under all circumstances should be taken 
into account when considering drugs used to control dizziness. The side 
effects of each drug, particularly on the individual pilot, must be considered 
by an exam1n~r designated by the Federal Air Surgeon, before the pilot may 
use them while flying. 

Other drugs producing dizziness - Dizziness is a reported side effect of 
drugs of almost every category. 

Recommendations - The physician must make an individual decision regarding 
the effects on balance and spatial orientation of medications taken by a pilot. 

Discussion - In the preceding classification, an attempt is made to 
identify two categories of disorders of equilibrium: those producing sudden 
episodes and those producing continuous states of disequilibrium. Obviously, 
the first <.tep in det.endning pilot fitness is the identification of the 
underlying condition. Yet, in both the episodic and the continuous dis
equilibrium disorders, there are difficulties in establishing firm criteria 
fo-r: pilots. 

Among the episodic disorders, the rates of recurrence, and therefore the 
probabilities of sudden occurrence of disabling disequilibrium, are often 
unclear-for exu,ple. in patients with benign positional vertigo in remission, 
or in those who have apparently recovered fram acute peripheral vestibulopathy. 
l:t. vt>Uld ~ valuabl~ t.o c.oll~t. data S'}ste,ncally, using the classi.fi.cat.i.ous 
in this report. to permit more accurate prediction of recurrence rates of 
episodic disequilibri1.1t11. 

Among the disorders producing continuous disequilibrium. the severity may 
vary from minor annoyance to major apatial disorientation because of such 
entities as labyrinthine imbalance. Because of these variations in degree, 
and the difficulty in predi~ting the extent to which they will interfere with 
pilot ~rforunce 0 the use of a flight s:llllulator, or actual in-flight testing. 
should suppl-t the data for. and -.!Uy any. aedical fitness decision. 
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Since these conditions are CO!ltinuously present, and therefore predictable, 
it s:iould be possible to assess pilot performance 1n the face of a demonstrable 
degree of neun,logic tmd/or vestibular deficit. 

Further, it is ~lear the classification and assessaent of disorders of 
equilibrium 1n pilots ahould be undertaken only by individuals with special 
expertise 1n the appropriate areas of neurology mid neuro-otology. 

L:; 

For these reasons the following general procedures are recOBRended: 

l. Designation of specific individuals or centers equipped to 
evaluate pilots who have dizziness or disorders of equilibri\llll 

~- Development of a system for accumulating information regarding 
the long-term prognosis in disorders of equilibrium 

3. Use of flight simulation or in-flight testing in persons with 
continuous disorders of equilibrium, where there is a serious 
differer.ce of 09inion regarding abilit~ to maneuver aircraft 
under realistic conditions of flight 
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