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CHAPTER 4

Aerospace Neurology
Joseph I. Sirven, John Daniel Hastings, and Scott J. Wood

In the practice of medicine, the neurologist is called upon to 
answer the following questions (1):

1. Does the patient have neurologic disease?
2. If so, what is the localization of the lesion or lesions?
3. What is the pathophysiology of the process?
4. What is the preliminary differential diagnosis?

Utilizing the tools of the neurologic and medical history,
the neurologic examination, ancillary studies, and one’s ed-
ucation, training, and experience, the neurologist arrives 
at a diagnosis. The aerospace medicine physician (evalua-
tor) has the additional challenge of relating the neurologic 
condition to aviation safety and achieving an appropriate 
aeromedical disposition. Whether it is the aviation medical 
examiner (AME), flight surgeon, or Federal Aviation Ad-
ministration (FAA) regulator, the aerospace medicine phy-
sician shoulders the responsibility of a determination that 
may decide one’s career in aviation or spaceflight. Consid-
ering the individual, and yet preserving aerospace safety, is 
a never-ending challenge for the aerospace medicine physi-
cian. The evaluator has the dual responsibility of applying 
the standards and also considering exceptions to the stan-
dards in allowing waivers from standards, while assuring 
aerospace safety.

An important consideration in making an aeromedical 
disposition is the nature of the operation or the mission, as 
a condition might not be compromising in all aerospace op-
erations. The evaluator must consider the condition in rela-
tion to space operations, potentially of long duration, military 
versus civilian operations, single versus multicrew operations, 
and the nature of the mission. Demands within private, com-
mercial, and airline transport operations must be considered. 
For example, a history of migraine with certain characteristics 
might potentially compromise military operations where im-
mediate worldwide deployment is possible, but the condition 
might be considered an acceptable risk for multicrew or pri-
vate pilot operations.

PRINCIPLES OF AEROSPACE NEUROLOGY
When a neurologic condition exists, the evaluator should con-
sider the following:

1. Is the condition static? If so, what is the degree of func-
tional incapacitation?

2. Is the condition progressive? If so, is the course predictable
or unpredictable?

3. Can the condition be monitored successfully?
4. Can the condition result in sudden incapacitation?
5. Can the condition result in subtle incapacitation?

A pitfall in aeromedical disposition of aviators with neu-
rologic disorders is making a major decision based on limited 
information. In neurologic diagnosis, the history is most often 
the richest source of information. The neurologic examina-
tion is often normal. Ancillary studies including laboratory 
studies, neuroimaging procedures, and studies such as cardiac 
electrophysiologic studies may also be normal. Often, the his-
tory is the sole means of diagnosis. One need only consider the 
migraineur—a person with migraine headaches—the person 
with seizures with a normal electroencephalogram (EEG), the 
person with a transient ischemic attack (TIA) and no vascular 
bruit, or the victim of transient global amnesia (TGA) to grasp 
the importance of history.

The aerospace medicine physician is somewhat dis-
advantaged because evaluation is often based on medical 
records and history taken by others. Most often, the eval-
uator has no opportunity to interact with the individual or 
obtain one’s own history. Yet efforts to obtain additional 
information when the history is inadequate often bear the 
most fruit. Observations of emergency services personnel, 
description of an event by a spouse or other observer, or 
comments from fellow aircrew may hold the key to diagno-
sis and appropriate aeromedical disposition. Diligent pur-
suit of a complete history is the evaluator’s best guide to 
aeromedical disposition.
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Another important consideration in neurologic diagnosis 
is the role of psychological factors. Symptoms that reflect true 
neurologic illnesses are often intertwined with complaints that 
have an emotional basis, and teasing out the respective con-
tributions is important for the evaluator. Moreover, psycho-
logical influences often play an important role in a number 
of common disorders encountered by the neurologist. The in-
fluence of emotions in migraine, syncope, and chronic daily 
headache exemplifies this relationship.

This chapter generally does not address individuals in 
whom neurologic disease is absent. Rather, it addresses those 
who suffer from a neurologic condition, which may or may not 
compromise aviation safety, resulting in temporary or perma-
nent disqualification or operational limitations. An exception 
is the area of spaceflight, where the aeromedical physician has 
the task of determining when the adaptive recovery of healthy 
individuals is sufficient to perform operational tasks.

Episodic versus Fixed Deficit Neurologic 
Disorders
Episodic neurologic disorders, including migraine, cluster 
headache, TGA, syncope, epilepsy, the single seizure, and ver-
tigo, are of aeromedical significance because of the potential 
for sudden incapacitation. Some merit permanent disqual-
ification, whereas others may be accommodated with treat-
ment or operational limitations. Vertigo will be dealt with in 
Chapter 5. Although “central” vertigo may occur in associa-
tion with brainstem disease (e.g., multiple sclerosis [MS] or 
ischemic vascular disease), most cases of paroxysmal vertigo 
represent peripheral vestibulopathies.

Ancillary Neurologic Studies
In neurologic diagnosis, a frequently occurring and vexing 
problem is the proper interpretation of ancillary studies. This 
is of utmost importance in aeromedical disposition because 
an inadequate or inaccurate history coupled with a misinter-
preted laboratory study can erroneously hamper or end an 
aerospace career. Interpretations that commonly confound 
neurologic diagnosis include those of head-up tilt studies 
(HUT), electroencephalography (EEG), and magnetic reso-
nance imaging (MRI) studies.

Head-Up Tilt Studies
As mentioned in the section “Syncope” in this chapter, HUT 
studies may aid the evaluation of unexplained syncope. Ka-
poor reported approximately 50% of patients with unex-
plained syncope have a positive response to passive tilt-table 
testing (2). In that study, two thirds of positive responses 
occurred with pharmacologic activation (isoproterenol) as 
opposed to passive tilt. However, a significant proportion 
of asymptomatic individuals may have a positive response. 
Kapoor and Brant reported a false-positive rate of 20% with-
out pharmacologic evaluation and 31% with isoproterenol 
activation (3). Reproducibility is another issue. In a study 
involving 109 subjects undergoing HUT on two consecu-
tive days, Brooks et al. reported a high degree of variability 

in responses to HUT, with frequent lack of reproducibility 
of vasodepressor responses on the second day (4). Repro-
ducible vasodepressor responses occurred in only 11 of 36 
 subjects (31%).

The aeromedical evaluator must be cautious in coupling 
a false-positive tilt table response with a nonsyncopal neuro-
logic event, such as seizure. Such errors are common.

Electroencephalogram (EEG)
In the general population, there is a 10% to 15% incidence of 
minor nonspecific EEG abnormalities, and 2% to 3% of the 
population demonstrates moderate abnormalities (5). These 
changes may also occur in the presence of disease, and care-
ful clinical judgment is necessary in determining their signif-
icance, if any. For example, a nonspecific EEG abnormality 
appearing in an individual with syncope accompanied by 
twitching and incontinence may lead to an erroneous diagno-
sis of epilepsy with its far-reaching implications.

The aeromedical evaluator must keep in mind that indi-
viduals without seizures may demonstrate epileptiform abnor-
malities on EEG, whereas individuals with epilepsy may have 
persistently normal EEGs (“spikes without fits and fits without 
spikes”). Engel notes that 2% of the population demonstrates 
specific epileptiform abnormalities on EEG (6). This may lead 
to an inappropriate diagnosis of epilepsy.

It is well known that a significant proportion of individ-
uals with epilepsy have a normal EEG (7–9). Studies in the 
literature report that 50% to 60% of routine EEGs (30-min-
ute routine recordings without sleep deprivation), obtained 
after a seizure in patients later clearly diagnosed as having 
epilepsy, demonstrate epileptiform abnormalities (10). Acti-
vation techniques, including hyperventilation, photic stim-
ulation, sleep recording, and sleep-deprived recording, may 
increase the diagnostic yield. Interictal EEG abnormalities 
may be intermittent, and a 30-minute recording is a small 
sample of a 24-hour day. Serial EEG recordings may also in-
crease yield, but little additional yield is obtained after four 
recordings (10). Recently, there has been an emphasis on 
longer recordings performed using ambulatory EEG systems 
that allow 24 to 72 hour recordings at home. It is import-
ant for the EEG interpreter to state that a normal EEG does 
not exclude the possibility of epilepsy, as well as mentioning 
sampling effect (10). In difficult cases, sustained video-EEG 
recording (days or more) can be accomplished in an epilepsy 
monitoring unit or alternatively at home with the use of am-
bulatory EEGs.

Lastly, there are known benign EEG patterns with 
epileptiform morphology that might be interpreted by 
less-experienced clinicians as being significant. Examples in-
clude 14 and 6 Hz positive spikes, small sharp spikes, 6 Hz 
spike and wave, and wicket spikes (10). These patterns can be 
seen in normal individuals.

Magnetic Resonance Imaging
A frequent finding in cerebral MRI is the presence of T2- 
hyperintense lesions, commonly referred to as unidentified 
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bright objects (UBOs), or nonspecific white matter hyperinten-
sities (WMHs). The reporting of these lesions may lead to di-
agnostic uncertainty for the AME or flight surgeon and have 
far-reaching implications for the aviator or astronaut if inter-
preted incorrectly. A fully trained and experienced neuroradiol-
ogist might report “normal” findings, whereas other interpreters 
might report concern for small vessel cerebrovascular disease 
(multi-infarct state) or demyelinating disease (MS).

In one study, UBOs were present in 5.3% of healthy indi-
viduals aged 16 to 65, but were less common in younger indi-
viduals (11). In another study, pathologic features of T2-silent 
WMHs in patients without neurologic signs or symptoms 
represented myelin pallor associated with vessels showing 
hypertensive and arteriosclerotic changes (12). Others feel 
the lesions represent dilated normally occurring perivascular 
(Virchow-Robin) spaces. UBOs occur with greater frequency 
in individuals with migraine (13) (see also Chapter 17).

The neurologic literature reflects considerable debate re-
garding the nature and significance of UBOs. The debate is also 
reflected in practice, as evidenced by variable interpretations 
among general radiologists, neuroradiologists, neurologists, and 
neurosurgeons. The aeromedical evaluator with less frequent ex-
posure to MRI is further disadvantaged. One can only advise that 
the ability to distinguish between nonspecific WMHs (UBOs, 
WMHs) and disease-specific white matter lesions is an import-
ant consideration for the clinician. As in other ancillary studies, 
the test must be interpreted in the context of the patient and 
the clinical setting. This is especially germane given the rapidly 
changing Tesla (T) strength of clinical MRIs from 3T MRI and 
now 7T studies becoming more commonplace with T strength 
being directly proportional to higher anatomopathologic detail. 
The increase in MRI detail with higher Tesla strength MRIs has 
led to more lesions being observed than ever before, yet without 
a clear consensus as to what findings are clinically relevant.

SPECIFIC NEUROLOGIC CONDITIONS
Syncope
The importance of history in neurologic diagnosis is clearly 
apparent when dealing with disorders of consciousness. Dif-
ferentiating syncope from seizure is a never-ending challenge 
for the aeromedical physician. An erroneous diagnosis has 
profound implications for the aviator. Up to one third of per-
sons suffering syncope with convulsive accompaniments are 
incorrectly given a diagnosis of epilepsy (7).

The essence of syncope is loss of consciousness and pos-
tural tone due to global cerebral hypoperfusion followed by 
spontaneous recovery. In near syncope (presyncope), the pro-
cess is incomplete (perhaps by a compensatory action such as 
sitting down), with partial preservation of consciousness.

Syncope is common, with a reported occurrence of 3+% in 
the Framingham Study (14). Approximately 75% of these in-
dividuals reported a single occurrence with a mean follow-up 
of 26 years. In a study of 3,000 healthy United States Air Force 
(USAF) personnel averaging 29 years of age, 2.7% reported 
syncope (5).

Syncope occurs due to impaired homeostasis, the normal 
state of appropriate balance and regulation of cardiac output, 
circulating blood volume, and peripheral resistance provided 
by peripheral arterial smooth muscle tone. When standing, 
70% of circulating blood volume lies at or below the heart 
level. Gravity, when standing, pools 500 to 800 mL of blood 
in dependent vascular spaces in the abdomen and lower ex-
tremities, with concomitant reduction in central venous pres-
sure by 3 to 5 mm Hg and stroke volume by 50%. Resultant 
diminished baroreceptor stimulation leads to compensatory 
mechanisms including enhanced sympathetic and inhibited 
parasympathetic activity. Heart rate increases 10 to 25 bpm 
and sympathetic efferents to arterioles command an increase 
in peripheral resistance. Mean arterial blood pressure is pre-
served, assuring maintenance of homeostasis. Sudden pain, 
fear, and a host of other precipitants can momentarily defeat 
the delicate balance of homeostatic mechanisms, and syncope 
occurs.

The term vasovagal syncope, coined by Lewis in 1932, re-
fers to the dual mechanism of loss of peripheral vasoconstric-
tion (collapse of peripheral resistance) and cardio inhibition 
(vagus-induced bradycardia) (15). Terms appearing in con-
temporary literature including neurally mediated, neuroregu-
latory, and neurocardiogenic syncope are synonymous. Lewis 
recognized that loss of peripheral resistance was the predom-
inant mechanism in most instances of syncope. The term va-
sodepressor syncope denotes hypotension without significant 
bradycardia, whereas cardioinhibitory syncope refers to vagally 
induced bradycardia as the predominant mechanism. This is a 
clinically important distinction.

The cardioinhibitory reflex can be powerful. Ventricular 
standstill and fibrillation have been reported with psycho-
logical stimuli. In contrast to vasodepressor syncope, cardiac 
syncope is sudden in onset. With asystole, presyncope occurs 
within several seconds and loss of consciousness within 6 to 8 
seconds when upright. Injury and sudden death are attendant 
risks in malignant forms of cardioinhibitory syncope.

When evaluating syncope, the evaluator must ask first “Is 
it syncope or something else?” The following historical points 
aid accurate diagnosis:

1. Postural setting: Syncope characteristically occurs when 
arising to an upright position, less often while seated, and 
rarely in recumbency. Seizures do not respect posture.

2. Length of prodrome: In vasodepressor (noncardiac) syn-
cope, there is usually a lengthy prodrome of 2 to 5 minutes. 
Feelings of uneasiness, warmth, anxiety, and queasiness are 
common during the prodrome, along with a desire for cool 
air and ventilation. In contrast, seizure auras, if present, are 
usually brief.

3. Antecedent symptoms: Visual complaints including pale, 
yellow, white, bleached, darkened, or constricted vision 
(“tunnel vision”) denote retinal ischemia, indicating an 
extracerebral mechanism for the event. Respiratory an-
tecedents might include yawning or deep breathing. Gas-
trointestinal (GI) symptoms include an empty, hollow, or 
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unsettled sensation in the epigastrium. Anxiety, dry mouth, 
and clamminess in the forehead and hands are common. 
Giddiness and lightheadedness may occur as the systolic 
blood pressure approaches 70 mm Hg, but, unlike true ver-
tigo, there is no element of rotation of the environment or 
the body.

4. Syncopal episode: Syncope is a brief event, lasting 10 to 15 
seconds, with little or no confusion. It is a hypotonic rather 
than rigid event (“syncopal slump”) with pallor (white—
loss of color, rather than blue). Respirations are shallow and 
often imperceptible. Return of consciousness is rapid, as is 
alertness. The embarrassed victim may rise quickly only to 
repeat the episode. This feature is diagnostic of vasovagal 
syncope.

5. Convulsive accompaniments and urinary incontinence: 
In experimental syncope, the EEG background frequency 
slows, lowers in amplitude, and eventually becomes flat, 
devoid of activity, as syncope ensues. In 10% to 15% of 
fainters, brief myoclonic jerks of the face and hands, tonic 
posturing, or other brief seizure-like activity occurs. This 
phenomenon constitutes the convulsive accompaniment 
that may occur in syncope. This is not a seizure, which is 
characterized by excessive neuronal discharges rather than 
absence of cortical activity. This convulsive accompani-
ment rather reflects a state of functional decerebration. In 
addition, approximately 10% of fainters experience urinary 
incontinence, which, if coupled with convulsive accompa-
niments, may lead to an erroneous diagnosis of seizure or 
epilepsy in one third of cases.

6. The syncopal setting: The situation or the circumstances 
in which the event occurs is of utmost importance. Worry, 
emotional upset, medication, alcohol, physical exertion, 
dehydration, medical procedure, or other precipitants may 
be present.

The evaluator, having determined that syncope has indeed 
occurred, must attempt to determine the cause or mechanism 
if possible. Table 4-1 (16) lists potential causes of syncope.

Fortunately 50% or more of syncope is benign and does 
not signify underlying disease. A careful history and physical 
examination may indicate the cause of syncope in 25% to 35% 
of fainters and in 75% of persons in whom a cause is found (7). 
Basic laboratory tests (complete blood count, chemistry panel) 
and 12-lead electrocardiogram (ECG) may provide an answer 
in 5% to 10% of patients. Further studies should be guided 
by the history and physical findings, and may direct one to-
ward cardiac studies such as echocardiogram, Holter monitor, 
ambulatory event recording, or ultimately electrophysiologic 
studies such as autonomic reflex screens. Brain MRI and EEG 
studies are usually not helpful.

When initial studies do not provide an explanation, HUT 
table testing may be helpful in the evaluation of syncope. HUT 
may be positive in 50% of cases of syncope of unknown cause, 
supporting a vasovagal mechanism for the event. However, 
HUT without pharmacologic activation has a false-positive 

TABLE 4-1

Etiology of Syncope

Reflex-mediated vasomotor instability
Vasovagal (neurocardiogenic, neurally mediated, neuroregula-

tory) syncope: the common faint
Situational syncope (related to a particular circumstance)

Cough (tussive) syncope
Sneeze
Swallow
Defecation
Postmicturition syncope
Weight lifting
Exercise induced
Trumpet player
Mess trick
Valsalva
Medical procedure: physical examination (eye-oculovagal, ear, 

etc.), venipuncture, genitourinary or gastrointestinal instru-
mentation, etc.

Hot tub or shower
Orthostatic/dysautonomic

Primary autonomic dysfunction (autonomic neuropathy, CNS 
disorders)

Secondary autonomic dysfunction
Medications, alcohol
Prolonged illness, prolonged bedrest
Hypovolemia (blood loss, dehydration)

Impaired cardiac output
Obstructive disease: aortic stenosis, idiopathic hypertrophic sub-

aortic stenosis, pulmonary stenosis
Pump failure: myocardial infarction, coronary artery disease, 

cardiomyopathy
Impaired cardiac rhythm

Bradycardias
Tachycardias
Mixed rhythm disturbances: sick sinus (brady/tachy) syndrome

Psychiatric disease
Miscellaneous

Carotid sinus syncope
Glossopharyngeal neuralgia
Anemia
Unknown

CNS, central nervous system.
Adapted from Benditt DG, Lurie KG, Adler SW, et al. Pathophysiology 
of vasovagal syncope and Kapoor WN. Importance of neurocardiogenic 
causes in the etiology of syncope. In: Blann JJ, Benditt D, Sutton S, eds. 
Neurally Mediated Syncope: Pathophysiology, Investigations and Treatment. 
The Bakken Research Center Series. Vol 10. Futura; 1996; with permission.
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rate of approximately 10%, rising to 27% or more with 
pharmacologic activation (commonly nitroglycerine) (17). 
False-positive studies have led to an incorrect diagnosis of 
syncope in individuals with clinical seizures. Other caveats 
involving HUT include nonstandard tilt angles, variable tilt 
duration, and lack of reproducibility in some studies. HUT is 
not recommended in the routine evaluation of syncope.

Aeromedical disposition in syncope can be favorable in 
most instances in which a benign mechanism, that is not likely 
to recur in flight, can be demonstrated. Satisfactory exclusion 
of serious causes of syncope can be accomplished with ap-
propriate testing, and a period of symptom-free observation 
might provide further assurance.

Seizures and Epilepsy
Seizure disorder, convulsive disorder, and epilepsy are synon-
ymous terms. A seizure is an abnormal, paroxysmal excessive 
discharge of cerebral neurons. Epilepsy is a chronic condition 
characterized by a tendency for recurrent (two or more), un-
provoked seizures. The cumulative incidence of epilepsy is 
between 1.3% and 3.1% by age 80, with high incidence peaks 
in those younger than 20 and older than 60 (14). Epilepsy is 
idiopathic in two thirds of patients.

Not all seizures represent epilepsy. All persons have a con-
stitutional or genetically determined threshold for seizures, 
which if exceeded, leads to a clinical event. This threshold may 
fluctuate with time of day, hormonal influences, sleep depri-
vation, and other factors. Acute symptomatic seizures may 
occur with electrolyte disturbances (e.g., severe hypoglyce-
mia or hyponatremia), infectious processes (e.g., pneumococ-
cal meningitis with high-dose penicillin), and cardiac arrest 
with prolonged asystole and ensuing cerebral ischemia and 
hypercapnia.

Individuals with low-seizure threshold may experience sei-
zures when exposed to medications (tricyclic antidepressants, 
bupropion, theophylline, tramadol, and other medications). 
Additionally, some individuals with established epilepsy may 
achieve permanent remission (e.g., benign childhood epilepsy 
with centrotemporal spikes).

For aeromedical purposes, a simple classification for sei-
zures is adequate; it is presented in Table 4-2 (18). Seizures 
are generalized from the onset in approximately half the cases 
and of partial onset in the remainder. Whereas generalized 
seizures are accompanied by simultaneous appearance of ab-
normal discharges throughout the cerebral cortex at onset, as 
the name implies, focal seizures (previously known as partial 
seizures) arise in a discrete area of the cerebral cortex. This is 
significant in that a focal seizure implies a focal lesion, which 
must be identified (scar, tumor, abscess, cavernous angioma, 
others).

In some focal seizures, consciousness is preserved. Local-
ized convulsive twitching of one hand might be caused from 
a lesion in the contralateral cerebral cortex. The individual 
remains alert, can carry on activity, and ordinarily suffers no 
aftereffects with cessation of the seizure.

In focal seizures with loss of awareness, consciousness is 
impaired or even lost. Focal seizures with loss of awareness are 
commonly preceded by an aura of myriad descriptions. Déjà 
vu experiences, an unpleasant smell (olfactory aura) or taste 
(gustatory aura), a forced thought, vivid visual memory, or 
feeling of detachment from one’s self, may precede the seizure. 
The victim may engage in stereotyped movements such as re-
petitive lip-smacking, chewing movements, or hand or body 
movements such as fumbling with an object or rubbing a table. 
Awareness of surroundings is either compromised or lost, and 
one may or may not lose consciousness.

Any focal seizure may spread to adjacent areas of cortex 
and eventually to deep-seated midline structures that project 
to all areas of the cerebral cortex, culminating in a generalized 
tonic-clonic (grand mal) seizure. For example, a focal seizure 
beginning in one hand as described earlier may spread to the 
forearm, upper arm, face, and leg (Jacksonian march described 
by Hughlings Jackson), followed by collapse and a grand mal 
seizure. This is a partial seizure with secondary generalization.

A generalized tonic-clonic seizure is announced by a tonic 
phase lasting 10 to 20 seconds, with brief flexion, then muscu-
lar rigidity with arms raised, abducted, partially flexed at the 
elbows, and externally rotated. Leg involvement is minor. Eyes 
remain open with upward deviation of the globes. Extension 
of the back and neck then follows, perhaps accompanied by 
an “epileptic cry” resulting from forced expiration through 
partially closed vocal cords. Arms and legs are extended, with 
apnea and cyanosis. The clonic phase then begins, which is 
in reality a rhythmic relaxation of tonic contractions. Clonic 
jerks become coarser and decline in frequency as relaxation 
phases lengthen. Tongue biting and urinary incontinence are 
common.

Generalized tonic-clonic seizures are characteristically fol-
lowed by a postictal state, which often includes a deep, snoring 
sleep. Return of consciousness follows with a confused and 
often combative arousal phase, which gradually clears. Nau-
sea, vomiting, and headaches are common. Violent muscular 
contractions leave the trunk and extremity muscles sore and 

TABLE 4-2

Basic Classification of Seizures
1. Seizures that are generalized from the onset (e.g., absence, 

generalized tonic-clonic seizures)

2.  Focal seizures with preservation of consciousness (e.g., focal 
motor seizure)

3.  Focal seizures with alteration of consciousness (e.g., frontal 
lobe seizure, temporal lobe seizure, automatism)

4.  Focal seizures with secondary generalization (focal onset, 
progressing to generalized tonic-clonic seizure)

Adapted from Fisher RS, Cross JH, D’Souza C, et al. Instruction manual 
for the ILAE 2017 operational classification of seizure types. Epilepsia. 
2017;58(4):531-542.

 

Davis9781975143855-ch004.indd   77Davis9781975143855-ch004.indd   77 1/8/21   12:44 PM1/8/21   12:44 PM



F U N D A M E N T A L S  O F  A E R O S P A C E  M E D I C I N E 78

tender, and shoulder dislocations or vertebral compression 
fractures may occur. The victim wants to sleep, and upon re-
turning to wakefulness is amnesic for the event.

Absence seizures represent another variety of generalized 
epilepsy. Frequently appearing in childhood, these seizures are 
characterized by brief lapse of awareness that may or may not 
be accompanied by myoclonic jerks and alterations of muscle 
tone. Brief loss of awareness, with repetitive eye flutter for 2 to 
3 seconds, would be a representative example. The individual 
immediately resumes normal activity, and, if the spell is brief, 
may remain unaware of its occurrence.

As with syncope, a careful history is of utmost importance 
in the evaluation of one or more seizures. Description by an 
observer might be the most important ingredient in accurate 
diagnosis. Records from paramedics and ambulance person-
nel, and detailed emergency room records including physician 
evaluations and nursing notes, may provide important details 
in accurately defining the clinical event. Personal history, fam-
ily history, medication, and social history including alcohol 
and substance misuse are clearly important.

Seizure evaluation, particularly in adults, must include 
brain MRI with and without gadolinium and a sleep-deprived 
wake and sleep EEG. Computed tomography (CT), even with 
contrast, is insufficient because lesions such as mesial tempo-
ral sclerosis, hamartoma, or cavernous malformation might be 
overlooked. Wake-only EEG recordings are not sufficient be-
cause activation of a potentially epileptiform discharge might 
occur only during sleep recording. Photic stimulation and 
hyperventilation is employed to elicit reflex-induced seizures 
(photic epilepsy) in susceptible individuals. It is important to 
note that up to 40% of individuals with epilepsy have normal 
EEGs throughout their lives (10), again emphasizing the im-
portance of history.

Clearly, a detailed evaluation is needed in the aeromedical 
disposition of persons with seizures or a question of seizures. 
A history of febrile seizures does not imply chronic seizure po-
tential. Some persons with seizures achieve complete remission 
in adulthood, such as benign Rolandic epilepsy with cen-
trotemporal spikes. Individuals with acute symptomatic sei-
zures—that is seizures caused by an acute symptomatic cause 
such as electrolyte derangements or infections—do not harbor 
chronic seizure potential. A thorough neurologic evaluation, 
at times coupled with a defined period of seizure-free and 
medication-free observation, may allow medical certification.

The Single Seizure
A single unprovoked seizure does not constitute epilepsy un-
less it is followed by a second unprovoked event. An individual 
suffering a first-ever seizure should undergo a comprehensive 
general medical and neurologic evaluation.

Degree of recurrence risk following a single unprovoked 
seizure can be related to risk factors. A history of febrile sei-
zures or seizure occurrence in a first-degree relative elevates 
the risk, as does a history of remote neurologic insult or pre-
vious acute symptomatic seizure. An abnormal neurologic 
examination or abnormal imaging study is associated with 

increased risk of recurrence. EEG abnormalities are also im-
portant. Specifically, epileptiform abnormalities are associated 
with a 60+% risk of recurrence, nonspecific slowing with a 30% 
to 40% risk, and with a normal EEG 10% to 25% risk (19–21).

Absent risk factors, recurrence risk is in the 26% to 33% 
range over 5 years (19). Most epileptologists elect not to treat 
individuals with a first-ever seizure and no risk factors because 
the majority would be treated unnecessarily. This is import-
ant for the aviator because a 5-year period of seizure-free and 
medication-free observation might allow consideration for 
aeromedical recertification depending upon the cause of the 
seizure.

Initial treatment with anticonvulsants delays the process. 
A second seizure during that period satisfies the criteria for 
epilepsy (two or more unprovoked seizures), and recurrence 
risk following a second seizure escalates to 73%.

Transient Global Amnesia
TGA is a fascinating condition whose prime characteristic 
is severe anterograde and extensive retrograde amnesia. Ini-
tially described in 1954, TGA is a global amnesic state that 
resolves within 24 hours (21). Personal identity, level of con-
sciousness, awareness, and ability to perform complex acts are 
well preserved, distinguishing TGA from confusional states. 
Strict diagnostic criteria include presence of a capable witness, 
clear anterograde amnesia, alert wakefulness, normal content 
of consciousness beyond memory, absence of focal symptoms 
and a normal neurologic examination, and resolution within 
24 hours.

Although TGA has been reported from age 5 to 92 years, 
90% of cases occur in the 50 to 80 range. Most attacks are 4 
to 6 hours in duration, with retrograde amnesia ranging from 
hours to months and sometimes years, which upon recovery 
shrinks to a permanent retrograde gap of 1 hour.

Precipitating circumstances reported in TGA include 
cold-water immersion, sexual intercourse, painful experi-
ences, and medical procedures such as angiography on rare 
occasions. Association with physical exertion is present in 
18%, emotional stress in 14% to 44%, and with migraine in 
25% to 33% of cases.

At the onset of TGA, there is disorientation for time and 
place, but preservation of personal identity. Repetitive ask-
ing of questions is a near universal feature. Preserved ability 
to perform complex acts such as operating an aircraft or per-
forming detailed carpenter work is a constant feature of TGA. 
Migraine-like headaches are associated with TGA in approxi-
mately 50% of patients.

Unilateral or bilateral medial temporal hypoperfusion has 
been demonstrated during TGA with MRI techniques, and ex-
perimentally, a slowly spreading cortical depression across the 
cerebral cortex has been shown. Interestingly, a similar mech-
anism of cortical spreading depression has been postulated in 
the aura of migraine.

Most individuals with TGA suffer a single episode, al-
though recurrence rates of 3% annually over 5 years have been 
reported. Aeromedical disposition often depends on specific 
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precipitating factors and often a period of symptom-free 
observation.

A monograph by Hodges (22) and Arena (23) provides a 
comprehensive review and discussion of TGA.

Migraine
Migraine is common, with a prevalence of 17% in women and 
6% in men. Common features of migraine include unilateral-
ity (exclusively or predominantly one-sided), throbbing nature, 
nausea, vomiting, photophobia, phonophobia, and prostration. 
The migraine sufferer commonly prefers a dark, quiet room 
and relief may follow sleep. The headache may last hours to 
days and is commonly followed by a drained feeling and rem-
nants of pain with head movement. Although migraine may 
be spontaneous, there are many precipitants including sleep 
deprivation, hunger, sun exposure, fatigue, menses or oral con-
traceptives, certain foods, alcohol, and emotional stress. Mi-
graineurs tend to have family history that is positive in 60% of 
cases. Migraine can appear at any age but commonly in adoles-
cence, sometimes entering remission and appearing years later.

In common migraine, the headache begins without an 
antecedent aura. In classic migraine, an aura precedes the 
headache by 15 to 30 minutes. Visual auras are common with 
myriad descriptions including scintillating or sparkling lights, 
visual field defects such as hemianopia, colored or kaleido-
scopic whorls or patterns, or patterns such as zigzag lightning 
(“fortification spectra”) or herringbone patterns. An import-
ant diagnostic feature is the “positive” nature of the visual 
aura, meaning the presence rather than the absence of light 
(ischemia characteristically is a “negative” visual phenomenon 
with absence of light). Nonvisual auras also occur, with symp-
toms such as marching face and hand numbness, or expressive 
speech difficulty.

A third variety of migraine is “migraine equivalent” (mi-
graine variant, acephalgic migraine), in which a migraine aura 
occurs without developing a headache. Visual migraine equiv-
alents are not uncommon beyond age 40 (24), sometimes be-
ing mistaken for TIA due to cerebrovascular disease.

Rare forms of migraine include “complicated migraine,” 
such as hemiplegic migraine accompanied by stroke, ophthal-
moplegic migraine with oculomotor nerve palsy, and basilar 
migraine with ataxia and confusion.

Migraine may or may not be of aeromedical significance 
depending on its characteristics in a specific individual, and 
operational considerations (e.g., potential global military de-
ployment vs. private pilot operations). To guide aeromedical 
disposition, the evaluator should consider a host of factors, 
including the following:

1. Prodrome: Some migraine sufferers will experience a pro-
drome of hours to a day or more, characterized by a sense 
of uneasiness, anxiety, apprehension, or general feeling of 
ill being. Recognition of the prodrome may allow the avia-
tor to avoid flying.

2. Precipitating factors: Many migraineurs will report spe-
cific precipitating factors, which, if avoided, may reduce 

migraine risk or preclude migraine altogether. These in-
clude emotional stress, multitask overload, sleep depriva-
tion, fasting, certain food and certain alcohols, menses, and 
other precipitants.

3. Migraine aura: Is the aura minor, or is there significant 
functional impairment? For example, slight perioral and 
unilateral fingertip paresthesias may be inconsequential, as 
would a sliver of shimmery light in the far periphery of the 
visual field. Alternatively, a complete homonymous hemi-
anopia or prominent aphasia would significantly compro-
mise the individual.

4. Rapidity of onset: Some migraines develop rapidly, with 
vomiting and prostration occurring within 15 to 30 min-
utes of onset. Others develop slowly, perhaps beginning as 
an annoying discomfort over one eye, but not developing 
into a severe headache for hours. Onset during flight would 
allow corrective measures in this circumstance.

5. Frequency: Migraine-free intervals can vary widely from 
days to years or even decades. An individual experiencing 
several migraines per month would cause concern; a fre-
quency of two per year would be far less worrisome.

6. Acute treatment measures: Aspirin, nonsteroidal 
anti-inflammatory drugs (NSAIDs), and acetaminophen 
may be effective if taken early. These would be acceptable 
in an aviation environment. Triptans may be acceptable 
with timing limitations in relation to flight—typically no 
flying for 24 hours after a dose. Anticonvulsants, narcotic 
analgesics, and barbiturate-containing analgesics would be 
prohibited with flying duties (25).

7. Preventive treatment: Medications employed in migraine 
prophylaxis include b-blockers, calcium channel block-
ers, anticonvulsants, and antidepressants including tri-
cyclic and selective serotonin reuptake inhibiting agents. 
b-Blockers and calcium channel blockers may be accept-
able in aviation, whereas the others are prohibited due to 
potential central nervous system (CNS) effects. There are 
several new preventive options for chronic migraine whose 
aeromedical risk has not been well studied. These include 
new calcitonin gene-related peptide (CGRP) monoclonal 
antibodies, botulinum toxin injections, and neuromodula-
tion devices.

Considering the prevalence of migraine, the diagnosis 
need not be disqualifying in most individuals. Individual con-
sideration with attention to the features enumerated earlier 
may allow favorable aeromedical disposition depending on 
the aviation environment.

Cluster Headache
True cluster headache has very distinct clinical character-
istics. The term cluster refers to a series of headaches lasting 
from weeks to months separated by symptom-free intervals 
of many months to several years or more. Each headache is 
identical for that individual. Clinical characteristics may in-
clude abrupt onset with intense pain peaking within a min-
ute or two, unilateral location in or behind one eye, unilateral 
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nasal stuffiness, drainage, eye redness, tearing, and perhaps a 
Horner syndrome on the side of the headache (ptosis and pu-
pillary constriction). Excruciating pain persists for 30 to 45 
minutes followed by rapid resolution of symptoms. Headaches 
may occur precisely at the same time each day. After one or 
more headaches daily for a period, the cluster ends, affording 
welcome relief.

Cluster headache is treated with narcotic analgesics and 
other analgesics, lithium carbonate, and at times oxygen (a 
potent vasoconstrictor). Severe pain and analgesic require-
ments during a cluster are disqualifying, but long periods of 
remission usually allow consideration for certification once 
the cluster ends.

Other Headache
Although not included in the episodic disorders, the most 
commonly occurring headache is chronic daily headache, for-
merly referred to as tension headache. This is a frequent (daily 
or nearly so) headache; often dull to moderate, nagging but 
not incapacitating, with resistance to treatment. It may be a 
component of a somatoform disorder, and in one study, 46% 
of individuals with a primary complaint of chronic headache 
suffered from endogenous depression (26). The underlying 
condition and therapeutic agents utilized (narcotic- or barbi-
turate-containing analgesics, antidepressants, tranquilizers) 
ordinarily preclude aeromedical certification unless underly-
ing issues are resolved. It is also important to note that sleep 
deprivation often results in persistent headaches, which is an 
aeromedical risk.

CEREBROVASCULAR DISEASE
Stroke is a major health concern and was the fifth leading 
cause of U.S. deaths in 2017 (27). Stroke risk doubles with 
each decade after age 55 (28). The International Civil Aviation 
Organization (ICAO) has long set airline pilot retirement age 
at 65. In 2015, Japan extended airline pilot retirement age to 
67. Though age is an important factor, as many as one third of 
hospitalized stroke patients are under age 65 (29).

The definition of stroke includes thrombotic cerebral in-
farction with associated symptoms (ischemic stroke) or with-
out symptoms (silent stroke) (30). Ischemic stroke accounts 
for 87% of all strokes, hemorrhagic stroke the remainder. 
Hemorrhagic stroke can also be symptomatic or silent (e.g., 
microbleeds). Subarachnoid hemorrhage and central venous 
thrombosis are also included in stroke definition (30).

Stroke risk factors are many with hypertension and di-
abetes prominent among them. Others include hyperlip-
idemia, overweight/obesity, metabolic syndrome, physical 
inactivity, coagulation disorders, and family history. Car-
diac risk factors include valvular heart disease, coronary 
artery disease, congenital defects, cardiomyopathy, and 
disturbances of cardiac rhythm—especially atrial fibrilla-
tion. In approximately one third of cases, no cause is found 
(cryptogenic stroke) (31). Risk factors for TIA and stroke 
are largely shared.

Transient Ischemic Attack
Initially, TIA was defined as a temporary episode of focal neu-
rologic deficit lasting less than 24 hours. With the advent of 
CT and MRI brain imaging, it became evident that up to 50% 
of individuals with a clinical diagnosis of TIA demonstrated 
completed infarcts on imaging. This led to a consensus rec-
ommendation to modify the definition of TIA to a “transient 
episode of neurological dysfunction caused by focal brain, spi-
nal cord, or retinal ischemia, without acute infarction” (32). 
This represented a tissue based as opposed to time-based defi-
nition. Many TIAs are brief, lasting 2 to 15 minutes. Risk of 
stroke after TIA has been reported as 18.6% at 10 years, and 
associated cardiac risk rises significantly (33).

Fleeting blindness (amaurosis fugax) is the classical man-
ifestation of a retinal TIA, characteristically related to embo-
lization from the carotid artery. A monocular ascending or 
descending shade of blindness (altitudinal visual field defect) 
consumes the entire visual field and usually resolves within 1 
minute. A hemispheric anterior circulation (carotid system) 
TIA may produce unilateral weakness, sensory loss or expres-
sive speech difficulty. Posterior circulation (vertebral-basilar 
system) TIAs may produce vertigo, ataxia, diplopia, and dys-
arthria. Bilateral or crossed symptoms implicate the posterior 
circulation.

Ischemic Stroke
Ischemic stroke results from arterial obstruction with tissue 
infarction. In contrast to TIA, CNS infarction is defined as 
“brain, spinal cord, or retinal cell death attributable to isch-
emia, based on neuropathological, neuroimaging, and/or clin-
ical evidence of permanent injury” (30). Ischemic stroke is 
accompanied by symptoms referable to the appropriate vascu-
lar territory, or without symptoms in silent stroke. Both large 
and small arteries may be affected.

Hemorrhagic Stroke
Intracerebral hemorrhage comprises 13% of strokes. The most 
common etiology is hypertension with hemorrhage into basal 
ganglia, pons, or cerebellum. Other causes of hemorrhagic 
stroke include cerebral amyloid angiopathy, vascular malfor-
mations, and coagulation disorders.

Subarachnoid Hemorrhage
The occurrence of subarachnoid hemorrhage should trigger a 
search for intracranial aneurysm, which is responsible in 87% 
of cases. A specific subtype of subarachnoid hemorrhage is 
peri-mesencephalic (prepontine, nonaneurysmal, interpedun-
cular) hemorrhage that represents 5% of cases (34). Long-term 
outcome with this entity is good (35).

Cerebral Venous/Dural Sinus Thrombosis
Cerebral venous thrombosis (CVT) has numerous causes, 
both infectious and noninfections, though in 20% to 35% of 
cases etiology is unknown (36). CVT has been associated with 
pregnancy, oral contraceptive use, malignancies, and connec-
tive tissue diseases. Coagulopathies have also been implicated.
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Intracranial Aneurysm
Intracranial aneurysm prevalence is approximately 3%. An-
eurysmal rupture accounts for 85% of subarachnoid hem-
orrhages. Most aneurysms are small and asymptomatic, 
measuring less than 0.5 mm. Medium-sized aneurysms range 
from 6.5 to 25 mm and large are greater than 25 mm. Sac-
cular (berry) aneurysms are most common, in which arterial 
tunica media is absent and the internal elastic lamina is com-
promised. Rupture of an intracranial aneurysm can be fatal 
in 25% to 50% of cases and 50% of survivors have permanent 
disability.

Stroke Subtypes
Aside from research and acute clinical applications, a stroke 
classification system serves the aeromedical evaluator seeking 
etiology, the first step in entertaining medical certification. 
Ischemic stroke can be divided into four major categories (37).

• Atherothrombotic
• Small vessel
• Cardioembolic
• Other

Atherothrombotic
Large artery atherothrombotic stroke (cortical ischemic 
stroke) refers to ischemic cerebral infarction arising from ath-
erosclerotic disease involving major intracranial arteries or 
their branches, or the extracranial circulation including the 
great neck vessels and thoracic ascending aorta. Mechanisms 
include local thrombosis or embolism from atherosclerotic 
plaques and hemodynamic factors.

Small Vessel
Small artery (lacunar) stroke refers to MRI or CT evidence 
of a small, deep penetrating artery infarction less than 15 
mm in diameter and clinically matching symptoms (37). 
Though hypertension and diabetes have commonly been 
associated with small vessel disease, risk factor profiles are 
similar for small and large artery stroke (38). Exceptions 
include atrial fibrillation and carotid stenosis, which are 
more common in large artery stroke. Commonly postulated 
causes of small vessel stroke include degenerative changes 
in penetrating arteries (lipohyalinosis) and atherosclero-
sis involving the artery or parent artery at its origin (39). 
Less commonly proposed mechanisms include embolism, 
vasculitis, infection, hypercoagulable states, cerebral auto-
somal dominant encephalopathy with subcortical infarcts 
(CADASIL), and cerebral amyloid angiopathy (CAA) (40). 
Locations of small vessel stroke include subcortical cerebral 
white matter, caudate nucleus, putamen, thalamus, internal 
capsule, and pons.

Cardioembolic
Cardioembolic sources for stroke include disorders of car-
diac output (e.g., primary cardiomyopathies or other dis-
eases resulting in a cardiac ejection fraction below 35%) and 

disturbances of cardiac rhythm (e.g., atrial fibrillation/flutter). 
Embolic sources include valvular diseases, prosthetic valve, 
mural thrombus, left ventricular aneurysm, and endocarditis. 
When patent foramen ovale is present, presence of deep ve-
nous thrombosis or pulmonary embolus raises the question of 
paradoxical embolus as a stroke mechanism.

Other
Included here are arterial dissection, thrombophilic disorders, 
coagulopathies, vasculitis reversible cerebral vasoconstriction 
syndrome, and Moyamoya disease. Also included are genetic/
inherited/developmental disorders (CADASIL, Fabry’s dis-
ease, Marfan’s disease, and others).

Aeromedical Evaluation after Stroke
The aeromedical evaluator first encounters an aviator when 
medical certification is sought, usually after a significant pe-
riod of poststroke observation. Important factors in aeromed-
ical disposition include stroke etiology, recurrence risk, and 
mitigation measures.

With over 150 known causes of stroke, guidance re-
garding stroke subtyping and evaluation can be helpful 
(41). Review must include history and physical, neurologic 
evaluation, laboratory findings including coagulation stud-
ies when indicated, brain imaging and vascular imaging 
(CTA, MRA, ultrasound). Search for disturbances of cardiac 
function and cardiac rhythm are essential. Transthoracic 
echocardiogram is indicated, and transesophageal echo-
cardiogram may be needed in search for a cardioembolic 
source. Though Holter monitoring has long been a feature 
of stroke evaluation, recent studies have shown that atrial 
fibrillation is undetected in short-term monitoring of indi-
viduals with cryptogenic stroke—that is a stroke for which 
no obvious cause is found (41). Atrial fibrillation was de-
tected in 12% of subjects at 1 year and 30% of subjects at 
3 years (42). There is increasing application of long-term 
monitoring in cryptogenic stroke.

Risk mitigation includes optimization of modifiable risk 
factors including diabetes, hypertension, hyperlipidemia, to-
bacco use, body weight, and physical inactivity. Correction of 
a stroke mechanism with carotid endarterectomy or cardiac 
valve replacement may allow consideration.

Aeromedical Disposition: Fitness to  
Fly after Stroke
Whether medical certification should be granted at all after 
TIA and stroke and, if so, in what circumstances is not a settled 
matter. Significant variations in policy exist among civil and 
military regulatory bodies. In some ICAO states, return to air-
line flying after stroke is precluded in most, if not all cases. In 
others, individual consideration may be given with a high bar 
for reconsideration. In the United States, FAA policy generally 
allows reconsideration following a 2-year period of observa-
tion. Aeromedical disposition rests upon stroke etiology, clin-
ical recovery of function, mitigation of modifiable risk factors, 
and expected recurrence risk.
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TRAUMATIC BRAIN INJURY
Traumatic brain injury (TBI) is a frequent cause of neurologic 
disability in the 20 to 55 age group and is commonly encoun-
tered in aviators (43). The aeromedical evaluator is not con-
cerned with acute management, but rather the possibility of 
persistent residual neurologic impairment. Essential ingredi-
ents in the evaluation of aviators with TBI include determina-
tion of the nature and severity of TBI.

Medical records will disclose the nature of TBI. Concus-
sion is characterized by transient loss or alteration of con-
sciousness (seconds to hours) caused by a blow to the head 
without evident tissue destruction. However, there may be mi-
croscopic neuronal injury, and petechial hemorrhage, axonal 
shearing with retraction bulbs, and edema may occur. Frank 
injury to brain parenchyma may occur through brain contu-
sion, diffuse edema, laceration or penetration by a foreign ob-
ject, and hemorrhage within the brain substance (intracerebral 
hematoma). Additionally, extraparenchymal bleeding (subdu-
ral or epidural hematoma) may cause cerebral injury through 
compression and herniation mechanisms by mass effect.

Severity of TBI can be assessed utilizing the Glasgow 
Coma Scale (Table 4-3) (44) and duration of posttraumatic 
amnesia (PTA) (Table 4-4) (45). A Glasgow Coma score of 
13 to 15 denotes mild TBI, a score of 9 to 12 moderate TBI, 
and below 3 to 8 severe TBI by these criteria. When Glasgow 
Coma score and duration of PTA are coupled with records 
documenting the clinical course during the acute recovery 
period, the evaluator can accurately determine the severity of 
TBI. A Glasgow Coma score below 9 and/or PTA greater than 
24 hours should heighten concern for persistent neurologic 
impairment. Sequelae of TBI include postconcussion syn-
drome, focal neurologic deficit, posttraumatic epilepsy (PTE), 
and neuropsychological residual.

Postconcussion Syndrome
Postconcussion syndrome (PCS) is a nonspecific con-
stellation of symptoms that commonly follow minor or 
seemingly inconsequential head injury, perhaps without 
loss of consciousness. Multiple consequences can include 

physical (e.g.,  headache, tinnitus, nonspecific dizziness), 
cognitive (e.g., inattention, memory difficulty, inability to 
concentrate), and emotional (e.g., depression, insomnia, ir-
ritability). Neurologic examination and imaging studies are 
normal. In most individuals, symptoms are self-limited and 
resolve in the majority of cases within 3 months, although 
the more symptoms reported, the longer the time to recov-
ery. Risk factors include prior concussions, female gender, 
age (>40 years), and prior history of affective disorder such 
as depression (43). While this syndrome ordinarily does not 
pose long-term implications for the aviator, PCS may persist 
for years in some individuals (46).

Focal Neurologic Deficit
Focal neurologic deficit following TBI can take many forms, 
including cranial nerve palsies (olfactory nerve, optic nerve, 
nerves to extraocular muscles, facial nerve, acousticovestib-
ular nerve, other), expressive aphasia, hemiparesis or other 
focal motor deficit, and ataxia. The site is usually deduced 
through history and physical examination before imaging. 
While CT may be preferable for evaluating bony trauma and 
acute subarachnoid blood, MR imaging is more sensitive for 
detecting the small hemorrhagic foci commonly associated 
with vascular malformations (47). Most neurologic recovery 
occurs within 6 months, with further recovery occurring more 
slowly over a span of 2 to 3 years.

TABLE 4-3

Glasgow Coma Scale
Eye Opening E Best Verbal Response V Best Motor Response M

Spontaneous 4 Oriented and converses 5 Obeys commands 6
To voice command 3 Confused 4 Localizes to pain 5
To pain stimuli 2 Inappropriate words 3 Withdraws from pain 4
No response 1 Incomprehensible sounds 2 Decorticate (flexion) posturing 3

No sounds 1 Decerebrate (extension) posturing 2
No response 1

E + V + M = 3 to 15.
From Teasdale G, Jennett B. Assessment of coma and impaired consciousness: a practical scale. Lancet. 1974;304:81-84.

 

TABLE 4-4

Posttraumatic Amnesia (PTA)

Mild brain injury 0–1 hr of PTA
Moderate brain injury 1–24 hr of PTA
Severe brain injury 1–7 d of PTA
Very severe brain injury Beyond 7 d of PTA
Adapted from Russell WR, Smith A. Post-traumatic amnesia in closed 
head injury. Arch Neurol. 1961;5(1):4-17.
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Posttraumatic Epilepsy
A major aeromedical concern following TBI is risk of seizures. 
Whereas penetrating injuries involving dural laceration and 
violation of brain parenchyma confer a 20% to 40% risk of 
PTE, risk in closed head injury is approximately 5% (48,49).

A history of febrile seizures, family history of seizures 
in a first-degree relative, cerebral contusion, and hematoma 
(epidural, subdural, intraparenchymal) are associated with 
increased risk for PTE. An impact seizure, occurring as the 
name implies at the time of contact, ordinarily does not por-
tend chronic seizure potential. Delayed seizures beginning 
weeks or months after TBI imply gliotic scar with risk of per-
sistent seizure potential (48,49).

Risk of PTE increases with head injury severity (49), par-
ticularly with severe TBI. In this study by Annegers et al., 
1-year risk with severe TBI was 6%, compared to less than 1% 
with mild to moderate TBI. Cerebral cortical contusion, cere-
bral hematoma, early seizures, loss of consciousness or PTA 
beyond 1 day, and depressed skull fracture are associated with 
increased seizure risk. The presence of subdural hematoma 
confers increased risk, as well as epidural hematoma to a lesser 
extent. Approximately one third of individuals with PTE will 
have a first event within 3 months, 50% within 6 months, 75% 
within 1 year, and 90% within 2 years. As high as 86% of pa-
tients with one seizure after TBI will have a recurrent seizure 
within 2 years of the first seizure (50). While the risk of sei-
zure is difficult to predict, the seizure rate for aircrew that met 
USAF waiver criteria was 24.53/100,000 person-years (51).

Neuropsychological Residual and  
Cognitive Deficits
Accelerative and rotational forces can injure brain tissue ex-
posed to irregular bony surfaces within the cranial vault. The 
frontal poles and orbitofrontal surfaces of the frontal lobes 
may suffer contusion injury, and the anterior temporal lobes 
are similarly susceptible.

The frontal lobes have to do with personality, behavior, 
and executive functions, whereas the temporal lobes are more 
related to intellect and memory. Frontal lobe injury may lead 
to behavioral changes including disinhibition, irritability, and 
impaired anger control with explosive outbursts. Alterna-
tively, an individual might exhibit apathy, indifference, and 
depression. Impaired judgment, planning, reasoning, abstrac-
tion, and initiation of activity may reflect impaired executive 
functions. Perseveration (inability to change mental set) and 
inability to employ a problem-solving strategy are common. 
Deep white matter injury may cause impaired attention and 
concentration. Temporal lobe injury may lead to significant 
memory impairment, which is often a major sequelae of TBI.

There is a clear relationship between the severity of the 
TBI and neuropsychological impairments. Impairments from 
mild TBI include deficits in fluency and delayed memory re-
call that typically resolve within 90 days (52). Nevertheless, 
mild TBI (mTBI) appears associated with increased risk for 
neuropsychiatric disorders (e.g., PTSD and depression) for at 
least 6 months compared with a similarly injured non-mTBI 

control group (51). The aeromedical evaluator should remain 
mindful of the possibility of neuropsychological impairment, 
especially in persons with moderate to severe TBI. If indicated 
by clinical evaluation and review of records, formal neuropsy-
chological testing might be needed depending on extent of 
cortical injuries.

NEOPLASMS
Benign Neoplasms
Benign intracranial neoplasms can involve the dura, cranial 
nerves, or brain parenchyma. Extraparenchymal tumors in-
clude meningioma, acoustic neuroma, neurofibroma, and 
pituitary adenoma. Benign parenchymal tumors include 
ependymoma, colloid cyst of the third ventricle (in reality a 
cyst), and choroid plexus papilloma. Symptoms usually arise 
from compression of neural structures rather than invasion. 
Some benign lesions cannot be safely removed for fear of com-
promising major or vital structures, giving rise to the term ma-
lignant by position. These may include tumors involving the 
clivus, the cavernous sinus, and craniopharyngiomas adherent 
to the floor of the third ventricle. Residual tumor may lead to 
recurrence.

Benign dura-based tumors or cranial nerve tumors lend 
themselves to complete resection, particularly if removed 
when small. These include meningiomas overlying the cere-
bral cortex, acoustic neuroma, trigeminal neurofibroma, and 
pituitary adenoma. Colloid cysts, choroid plexus papillomas, 
and pinealomas can often be totally removed.

Malignant Neoplasms
Malignant intracranial neoplasms usually arise in brain paren-
chyma, are invasive, and have potential for rapid growth when 
of high grade. The gliomas (astrocytomas and oligodendrogli-
omas) are the most common malignant primary parenchymal 
tumors. The term glioblastoma multiforme refers to high-grade 
astrocytomas. Invasive features include finger-like projections 
of malignant cells that interdigitate with normal neural tissue. 
The surgeon can “debulk” the tumor, but cannot employ the 
principle of wide excision without compromising neurologic 
function.

Recurrence is the rule with gliomas, albeit possibly many 
years later when the tumor is of low grade. Surgical removal 
without recurrence is uncommon. There are exceptions, such 
as cystic astrocytoma of the cerebellum with mural nodule in 
children.

For aeromedical disposition, the evaluator must consider 
the nature (benign or malignant) and location of the tumor, 
the presenting signs, the nature and degree of residual deficit 
(motor, sensory, cognitive), potential for recurrence, and the 
possibility of seizures. As with resection of vascular malforma-
tions, complete tumor resection does not assure freedom from 
seizures, which may continue to arise from the altered neuronal 
bed of the lesion. Often a period of observation is employed. 
Despite apparent neurologic stability over a long period, even 
years, with low-grade gliomas, malignant parenchymal tumors 
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characteristically recur, ordinarily barring medical certifica-
tion. However, given the rise of precision-based medicine with 
molecular markers that characterize response to treatment, 
each case must be assessed individually.

HEREDITARY DEGENERATIVE AND 
DEMYELINATING DISORDERS
Included here for discussion are several conditions that may 
be nonprogressive, intermittently active and cumulatively pro-
gressive, or follow a slowly progressive temporal profile. With 
appropriate monitoring, medical certification may be appro-
priate unless and until the condition compromises aviation 
safety.

Familial and Essential Tremor
Essential tremor is the most common movement disorder 
with a reported prevalence of up to 5.6%. Familial tremor and 
essential tremor are the same, the only difference being the 
presence or absence of a family history of tremor. Autosomal 
dominant inheritance is present in 60% of cases (53). Although 
tremor may appear early in life, the mean age of onset is 35 to 
45 years. Hand tremor is present in 94%, head tremor in 33%, 
voice tremor in 16%, and leg tremor in 12%. Slow worsening 
of tremor over many years is a characteristic feature.

Tremor is usually postural (voluntarily maintaining pos-
ture against gravity, such as arms outstretched) and with in-
tention or use (directed voluntary movement toward a target). 
The tremor frequency is 8 to 12 Hz. Victims often describe 
difficulty in writing, balancing peas on a fork or soup on a 
spoon, carrying an empty cup on a saucer, using a screwdriver, 
or bringing a glass to the mouth. Rest tremor rarely occurs. 
Improvement with alcohol ingestion is commonly reported.

Essential/familial tremor may have aeromedical implica-
tions (e.g., difficulty targeting and manipulating small closely 
spaced cockpit switches).

Fortunately, for the most individuals, tremor causes little 
or no impairment, progressing very slowly and often not re-
quiring treatment. If treatment is warranted, b-blockers are 
often highly effective. Primidone, an older anticonvulsant, is 
useful in pediatric dose ranges. However, primidone is a bar-
biturate derivative that can cause drowsiness, barring its use 
in the aviation environment. Gabapentin and benzodiazepines 
are also precluded because of potential CNS effects.

Parkinson’s Disease
Parkinson’s disease is characterized by a classic triad of symp-
toms including tremor at rest, muscular rigidity, and slow-
ness of movement (bradykinesia). Common clinical features 
include a slow-shuffling gait, freezing or gait arrest, a general 
attitude of flexion, impaired postural reflexes, diminished vo-
cal volume, and paucity of facial expression (mask-like face). 
The examiner observes these features, and neurologic ex-
amination usually discloses cogwheel rigidity and impaired 
rapidly alternating movements (foot tapping, finger wiggle, 
pronation–supination).

An individual may seek medical attention early in the 
course of the illness for purposes of identifying the condition, 
but with no desire or need for treatment. Aeromedical certi-
fication may be allowed with appropriate monitoring mecha-
nisms for progression. When treatment is indicated, potential 
side effects of medication warrant consideration.

Anticholinergics, with their attendant risk of drowsiness 
and cognitive changes, were the only agents available for treat-
ment until the advent of levodopa in the late 1960s. Levodopa 
remains the gold standard treatment, and many individuals 
function well with this agent, remaining relatively free of side 
effects. In later years, dopamine agonists, primarily pramipex-
ole and ropinirole, came into favor as initial treatment, adding 
levodopa later if necessary. These agents were initially ap-
proved for use by the FAA, but due to reports of excessive day-
time sleepiness, approvals were withdrawn. Amantadine has 
been employed for treatment of tremor, and entacapone delays 
the breakdown of dopamine in individuals taking levodopa.

Some individuals with Parkinsonian symptoms exhibit 
evidence of a more widespread cerebral disturbance, giving 
rise to the term Parkinson-plus syndromes. Additional fea-
tures may include dementia, impaired eye movements, ataxia, 
orthostatic hypotension, and dysautonomic manifestations. 
Multiple system atrophy and progressive supranuclear palsy 
are examples. The neurologist or movement disorder subspe-
cialist differentiates these entities based on clinical features.

Early or mild Parkinson’s disease causing little or no im-
pairment need not preclude medical certification. Some med-
ications, such as levodopa or amantadine, might be acceptable 
without significant side effects.

Multiple Sclerosis
MS is a chronic disease affecting young- and middle-aged 
adults with slight female preponderance. The illness is char-
acterized by multiple lesions of the nervous system, separated 
by space and by time. Lesions in MS consist of plaques, local-
ized areas of inflammation, demyelination, and glial scarring 
involving the white matter of brain and spinal cord. Episodes 
of demyelination and remyelination account for the exacerba-
tions and remissions commonly seen in MS.

The clinical course of MS may vary among individuals. In 
primary progressive MS, the disease follows a slowly progres-
sive clinical course without interruption. In the more com-
monly encountered relapsing and remitting variety of MS, the 
characteristic exacerbations and remissions occur. Each ex-
acerbation may incompletely resolve, resulting in cumulative 
neurologic deficit. In secondary progressive MS, a relapsing 
and remitting clinical course gives way to a slowly progressive 
decline in neurologic function in later years.

Clinical manifestations of MS can be highly variable de-
pending on plaque distribution in brain and spinal cord. Uni-
lateral optic neuritis is a common presenting sign of MS. Other 
symptoms might include diplopia, dysarthria, ataxia, motor or 
sensory symptoms, and bladder or bowel dysfunction. Approx-
imately 14% of individuals with MS have mild or inconsequen-
tial neurologic deficit, giving rise to the term benign MS (54).
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Acute exacerbations are commonly treated with intrave-
nous corticosteroids, specifically methylprednisolone. Immu-
nomodulatory therapy is employed in an effort to reduce the 
frequency and severity of exacerbations and slow the accumu-
lation of neurologic deficit. Therapy consists of parenteral ad-
ministration of an interferon preparation or glatiramer acetate. 
In individuals with significant progression despite steroids 
and immunomodulatory therapy, chemotherapeutic agents 
may be employed and agents that are prescribed include cy-
clophosphamide, azathioprine, methotrexate, teriflunomide, 
dimethyl fumarate, alemtuzumab, natalizumab, ocrelizumab, 
fingolimod, and novantrone.

Aeromedical disposition may be favorable in some indi-
viduals with MS. Pilots with “benign MS” may present no risk 
to aviation safety. Some with slowly progressive MS, and oth-
ers with widely separated and relatively minor exacerbations 
without accumulation of significant neurologic deficit might 
warrant consideration. Others with significant functional 
disability, symptoms clearly related to aviation safety (e.g., 
vertigo, diplopia, cognitive change), or frequent severe exacer-
bations will not be candidates for medical certification.

COGNITIVE DISORDERS
Aircrew neurocognitive function safe piloting requires intact 
cognition including memory, thinking, and reasoning. Neuro-
cognitive functions are those associated with brain structures, 
areas, pathways, and processes. The American Psychiatric 
Association’s Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-5) identifies six cognitive domains (complex at-
tention, executive functions, learning and memory, language, 
perceptual-motor abilities, social cognition) and their sub-
divisions (55–57). A neurocognitive disorder, also described 
as neurocognitive impairment (deficiency, inefficiency) and 
brain dysfunction, is caused by a deficit in one or more cogni-
tive domains due to nonpsychiatric medical conditions.

Neurocognitive impairment may result from developmen-
tal or acquired neurologic conditions. Developmental disor-
ders include attention-deficit/hyperactivity disorder (ADHD), 
learning disabilities, hydrocephalus, cerebral dysgenesis, and 
other conditions under the umbrella term “cerebral palsy.” 
Acquired conditions include infections (including human 
immunodeficiency virus [HIV]), TBI, stroke, neoplasm, de-
myelinating (MS), and degenerative disorders (Parkinson’s 
disease, Alzheimer’s disease, and the dementias). In addition, 
neurocognitive effects of alcohol and substance abuse warrant 
consideration, as do effects of medication including selective 
serotonin reuptake inhibitor (SSRI) antidepressants, and other 
psychoactive substances.

A pilot comes to aeromedical attention when neurocogni-
tive dysfunction is evident or questioned. Whether prompted 
by diagnosis, observed difficulty with line or training perfor-
mance or other means, the evaluator must determine whether 
neurocognitive impairment exists and may impact aviation 
safety. A history of ADHD or other developmental condi-
tion may require assessment. Cognitive effects of acquired 

conditions such as TBI, stroke, neoplasm, and neurodegenera-
tive disorders merit consideration. Whether cognitive impair-
ment may be responsible for unsatisfactory line or training, 
performance becomes an important question. Periodic assess-
ment is necessary to monitor cognition in conditions such as 
Parkinson’s disease, MS, and other conditions in which cogni-
tive decline may develop.

Methods of assessing neurocognitive performance vary 
among ICAO member states. In some, neurocognitive assess-
ment is not prescribed by regulation. When clinical evaluation 
(neurologic, cardiac, other specialty), laboratory, and imaging 
studies are satisfactory, medical certification is granted. The 
pilot returns to the airline for requalification training and 
satisfactory performance is accepted as validation of the pi-
lot’s ability to “do the job.” This pathway does not exist in the 
United States, where satisfactory performance on office-based 
neurocognitive assessment is often a prerequisite to medical 
certification. Absent medical certification, flying is precluded 
for all classes.

An FAA review panel in 1986 recommended inclusion 
for brief cognitive screening by the AME at each periodic ex-
amination (58). Further research exposed the inadequacy of 
brief office screening instruments such as the mini-mental sta-
tus examination (MMSE) in detecting early/subtle cognitive 
dysfunction. This led to the development of a computerized 
neurocognitive assessment tool with both speed and accuracy 
components entitled CogScreen Aeromedical Edition (56). 
Initially intended as a screening tool to indicate need for more 
comprehensive assessment, CogScreen was later incorporated 
into a “core battery” for potential neurocognitive impairment 
that along with CogScreen includes an array of traditional 
noncomputerized test instruments (57). Domains assessed by 
core battery testing include attention, memory, spatial abili-
ties, language, psychomotor abilities, executive function, and 
personality.

Application of office testing of neurocognitive function 
in a regulatory setting is not without challenges. Ideally, a 
fellowship-trained PhD board-certified neuropsychologist 
performs neuropsychological assessment. Important, if not 
critical, components of the assessment include the interview, 
behavioral observations, record review, obtaining of collateral 
information, and interpretation of scores in the context of the 
total body of evidence (57,58). Interpretation based upon test 
scores alone can lead to erroneous inferences (57,58).

Since an unfavorable outcome of office-based neurocog-
nitive testing can lead to certification denial with far-reaching 
effects, test validity must be assured. Test development and 
selection must meet rigorous scientific standards. Careful 
attention is needed for a normative database, a comparative 
group to whom the pilot will be compared (57). The ecologic 
validity of office-based methods (ability to predict safe per-
formance in the real world of flying) is a matter of great im-
portance. Test administration pitfalls include excessive length 
of testing, failure to address test limitations, use of inappro-
priate tests for the question being asked, failure to interpret 
test scores in context (the total body of medical evidence), 
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provider qualification issues, failure to address ecologic valid-
ity and drawing of unsubstantiated inferences (58,59). These 
concerns are especially important in a regulatory setting, in 
which the individual and the provider are distant from the 
decision-making process.

Optimal methods of assessing neurocognitive fitness to fly 
are a subject of ongoing debate. The goal of neurocognitive as-
sessment is to determine whether a pilot can perform safely in 
the real world of flying. Arguably, the closer the method rep-
licates assessment of abilities needed in the real world of fly-
ing, the more valid the testing. Today’s advanced full-motion 
simulator has achieved a high degree of physical and percep-
tual validity, such that a new-hire airline pilot receives his or 
her type rating in the simulator. The first flight in the actual 
aircraft is a revenue flight with passengers. Along with phys-
ical and perceptual fidelity, there is now interest in cognitive 
fidelity aspects of simulator design and applications in which 
higher cortical functions receive focus (60,61). No doubt ad-
ditional research will contribute to optimal methods of neuro-
cognitive assessment of aviators.

SPACEFLIGHT ADAPTATIONS
In addition to considerations of preexisting neurologic condi-
tions for flight certification, there are unique risks associated 
with spaceflight that depend on flight duration (62). Recent 
centrifuge studies have demonstrated that civilian space flight 
participants with a variety of well-controlled medical condi-
tions can tolerate the acceleration forces associated with typical 
spaceflight launch and reentry profiles (63). Nevertheless, even 
in healthy individuals, spaceflight drives adaptive changes that 
are appropriate for neurologic function in a microgravity en-
vironment. These changes are maladaptive for return to earth’s 
gravity. Therefore, the aeromedical physician has the dual tasks 
of assessing the individual’s capacity to tolerate the neurologic 
stressors associated with spaceflight adaptation and recom-
mending fitness for duty following each G-transition.

G-Transition-Induced Neurovestibular 
Adaptation
Space motion sickness represents one of the greatest clini-
cal challenges impacting astronaut activities during the first 
few days on orbit (see also Chapter 5). The intersubject vari-
ability is striking with approximately one third experiencing 
mild symptoms and one third moderate to severe symptoms 
(64). Unfortunately, there is not a ground-based analog that 
has proven to be predictive of in-flight space motion sickness 
susceptibility. In-flight symptoms generally last for 2 days, al-
though there has been at least one case report of protracted 
motion sickness throughout a spaceflight lasting more than 
1 week (65). Promethazine is an effective treatment with few 
side effects when taken intramuscularly during spaceflight 
(66). The intensity and incidence of other perceptual and sen-
sorimotor signs and symptoms generally follow this same pat-
tern of intersubject variability. These include gaze, eye-hand 

coordination, and spatial orientation disturbances for which 
multisensory integration is a key factor (67,68).

Perceptual disturbances upon transition back to earth’s 
gravity reflect changes in how the CNS adapted to the novel 
sensory cues experienced during motion on orbit. The most 
common symptom reported by astronauts associate an exag-
gerated perceived motion with head tilts during reentry and 
after landing (64). The incidence of postflight motion sickness 
is significantly higher following longer (6 month) durations, 
with all crewmembers experiencing at least mild symptoms. 
Positive signs using tandem gait with eyes open increased 
from around half following short-duration flights to all crew-
members following long-duration flights (67). The greatest 
decrements in postflight functional performance involve tasks 
requiring dynamic control of postural equilibrium (69). Defi-
cits in manual dexterity, dual tasking, and motion perception 
may also lead to decrements in ability to operate vehicles, for 
example, driving (70). Since these results reflect symptoms 
when returning to land, the incidence and severity of neu-
rovestibular signs and symptoms may be increased following 
water landings (71).

Gravitational Unloading
The removal of gravitational loading itself can have profound 
effects that can alter neuromotor skills that depend on accu-
rate proprioception and reduce one’s capacity to overcome the 
neurovestibular deficits (72). Crewmembers must learn to re-
fine the forces needed to manipulate objects or to push off sur-
faces when navigating on orbit (73). Astronauts often report 
perceived heaviness of their body and limbs during the early 
postflight period (74). Gravitational unloading also results in 
cephalad-fluid shifts and deconditioning of the cardiovascular 
and musculoskeletal systems. Recent ocular findings include 
optic disc edema, globe flattening, choroidal folds, and hyper-
opic shifts in astronauts after long-duration space flight (75). 
While the etiology of this spaceflight-associated neuro-ocular 
syndrome (SANS) is still under investigation, chronic ceph-
alad venous and cerebrospinal fluid shift that in the absence 
of daily unloading by the upright posture may be a primary 
factor (76). The long-term health consequences of SANS signs 
and symptoms and volumetric gray matter changes remain an 
open question (77).

Fitness for Duty Assessments following 
G-Transitions
Given the relatively short adaptation time course of neuroves-
tibular signs and symptoms, the primary risk mitigation to date 
has been to limit critical crew activities during the initial days 
following G-transitions. For example, participation in extrave-
hicular activity is typically constrained during the first 3 days 
on orbit as is driving or piloting following spaceflight (78,79). 
Concerns over landing and emergency egress activities for a 
deconditioned crewmember that cannot be delayed are com-
pounded by other contributing factors such as the acceleration 
profile of the landing vehicle, dehydration, fatigue, and heat 
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stress. Beyond the management of motion sickness symptoms 
during the early recovery, standard neurologic assessments 
have been supplemented post flight with computerized dy-
namic posturography (80). For additional information, the 
reader is referred to Chapter 35. The diagnostic performance 
of these measures has been improved by requiring active head 
movements with eyes closed on unstable support conditions. 
In addition to supporting return-to-duty decisions by flight 
surgeons, this standardized measure has been useful feedback 
to instruct crewmembers on their reconditioning status when 
resuming activities of daily living upon return to Earth.

REFERENCES

1. Wiebers DO, Dale AJ, Kokmen E, et al. eds. Mayo Clinic Examina-
tions in Neurology. 7th ed. Mosby; 1998:3.

2. Kapoor WN, Brant N. Evaluation of syncope by upright tilt testing
with isoproterenol. Ann Droit Int Med. 1992;116:358-363.

3. Brooks R, Ruskin JN, Powell AC, et al. Prospective evaluation of
day-to-day reproducibility of upright tilt-table testing in unexplained 
syncope. Am J Cardiol. 1993;71:1289-1292.

4. Aronson AE, Auger RG, Bastron JA, et al. Chapter 15: Electroenceph-
alography. In: Mayo Clinic Examinations in Neurology. 5th ed. WB
Saunders; 1981:287.

5. Engel J Jr. Seizures and Epilepsy. FA Davis; 1989:313.
6. Ajmone Marsan C, Zivin LS. Factors related to the occurrence of

typical paroxysmal abnormalities in the EEG recordings of epileptic
patients. Epilepsia. 1970;11:361-381.

7. Gumnit RJ. The Epilepsy Handbook. The Practical Management of Sei-
zures. 2nd ed. Raven Press; 1995:5.

8. Leppik IE. Contemporary Diagnosis and Management of the Patient
with Epilepsy. 6th ed. Handbooks in Health Care; 2006:61.

9. Salinsky M, Kanter R, Dasheiff R. Effectiveness of multiple EEG’s in
supporting the diagnosis of epilepsy: an operational curve. Epilepsia
1987;28:331-334.

10. Daly DD, Pedley TA. Current Practice of Clinical Electroencephalogra-
phy. 2nd ed. Lippincott-Raven; 1997:316.

11. Hopkins RO, Beck CJ, Burnett DL, et al. Prevalence of white mat-
ter hyperintensities in a young healthy population. Neuroimaging.
2006;16(3):243-251.

12. Takao M, Koto A, Tanahashi N, et al. Pathologic findings of si-
lent hyperintense white matter lesions on MRI. J Neurol Sci. 
1999;167(2):127-131.

13. Porter A, Gladstone JP, Dodick DW. Migraine and white matter hy-
perintensities. Curr Pain Headache Rep. 2005;9(4):289-293.

14. Savage DD, Corwin L, Kannel WB, et al. Epidemiologic features of
isolated syncope: The Framingham study. Stroke. 1985;16(4):626-629.

15. Lewis T. A lecture on Vasovagal Syncope and the carotid sinus mech-
anism. BMJ. 1932;1(3732):873-876.

16. Benditt DG, Lurie KG, Adler SW, et al. Pathophysiology of vasova-
gal syncope, Table 1, 3; and Kapoor WN. Importance of neurocar-
diogenic causes in the etiology of syncope. Table 1, 56. In: Blann JJ,
Benditt D, Sutton S, eds. Neurally Mediated Syncope: Pathophysiology, 
Investigations and Treatment. The Bakken Research Center Series. Vol
10. Futura; 1996.

17. Leonelli FM, Wang K, Evans JM, et al. False positive head up tilt:
Hemodynamic and neurohumoral profile. J Am Coll Cardiol. 
2000;35(1):188-193.

18. Fisher RS, Cross JH, D’Souza C, et al. Instruction manual for the
ILAE 2017 operational classification of seizure types. Epilepsia. 
2017;58(4):531.

19. Hauser WA, Hesdorffer DC. Incidence and Prevalence. Epilepsy: Fre-
quency, Causes and Consequences. Demos; 1990:1.

20. Hauser WA, Rich SS, Annegers JP, et al. Seizure recurrence af-
ter a first unprovoked seizure: an extended follow up. Neurology. 
1990;40:1163-1170.

21. Van Donselaar CA, Schimisheimer RJ, Geerts AT, et al. Value of the
electroencephalogram in adult patients with untreated idiopathic
first seizures. Arch Neurol. 1992;49:231-237.

22. Hodges JR. Transient Amnesia, Clinical and Neuropscyhological As-
pects. WB Saunders; 1991.

23. Arena JE, Rabinstein A. Transient global amnesia. Mayo Clin Proc. 
2015;90:264.

24. Raskin NH. Paroxysmal disorders: migraine and other headaches. In: 
Rowland LP, ed. Merritt’s Textbook of Neurology. 9th ed. Williams &
Wilkins; 1995:838.

25. FAA. Aviation medical examiner guide. https://www.faa.gov/about/
office_org/headquarters_offices/avs/offices/aam/ame/guide/pharm/
dni_dnf/

26. Trimble MR. Psychiatry and neurology: neurologic presentations of
psychiatric illness. In: Aminoff MJ, ed. Neurology and General Medi-
cine. 2nd ed. Churchill Livingstone; 1995:482.

27. CDC. Statistics on stroke. https://www.cdc.gov/stroke/index.htm
28. Kisella BM, Khoury JC, Alwel K. Age at stroke, temporal trends

in stroke incidence in a large biracial population. Neurology. 
2012;79(17):1781-1787.

29. Hall MJ, Levant S, DelFrances CJ. Hospitalization for stroke in U.S.
hospitals, 1989-2009. NHCS Data Brief. 2012;(95):1-8.

30. Sacco RL, Kasner SE, Broderick JP, et al. An updated definition of
stroke for the 21st century. Stroke. 2013;44:2064-2089.

31. Jickling GC, Stanova B, Ander BP, et al. Prediction of cardioembolic,
arterial and lacunar causes of cryptogenic stroke by gene location and 
infarct location. Stroke. 2012;43:2036-2041.

32. Albers GW, Caplan LR, Easton D, et al. Transient ischemic attack—
proposal for a new definition. N Eng J Med. 2002;342:1713-1716.

33. Clark TG, Murphy MFG, Rothwell PM. Long term risk of
stroke, myocardial infarction and vascular death in “low risk”
patients with a non-recent TIA. J Neurol Neurosurg Psychiatry.
2003;74:577-580.

34. Konczalla J, Plataz J, Schuss P, et al. Non-aneurysmal non-traumatic
subarachnoid hemorrhage: patient characteristics, clinical outcome
and prognostic factors based on a single-center experience in 125
patients. BMC Neurol. 2014;14:140. http://www.biomedcentral.
com/1471-2377/14/140

35. Flaherty ML, Haverbusch M, Kisella B, et al. Perimesencephalic sub-
arachnoid hemorrhage: incidence, risk factors, and outcome. J Stoke
Cerebrovasc Dis. 2005;14(6):267-291.

36. Ameri A, Bousser MG. Cerebral venous thrombosis. Neurol Clin. 
1992;10(1):87-111.

37. Amarenco P, Bogousslavsky J, Caplan LR, et al. New approach to
stroke subtyping: the A-S-C-O (phenotypic) classification of stroke.
Cerebrovasc Dis. 2009;27:502-508.

38. Jackson C, Sudlow C. Are lacunar strokes really different? A system-
atic review of differences in risk factor profiles between lacunar and
nonlacunar infarcts. Stroke. 2005;36:891-904.

39. Wardlaw JM. What causes lacunar stroke? J Neurol Neurosurg Psychi-
atry. 2005;76:617-619.

40. Lammie GA. Pathology of small vessel stroke. Br Med Bull. 
2006;56(2):296-306.

41. Amarenco P, Bogousslavsky, Caplan LR, et al. Classification of stroke 
subtypes. Cerebrovascular Dis. 2009;27:493-501.

42. Sanna T, Diener H-C, Passman RS, et al. Cryptogenic stroke and un-
derlying atrial fibrillation. N Eng J Med. 2014;370:2478-2486.

43. CDC. Traumatic brain injury & concussion. https://www.cdc.gov/
traumaticbraininjury/data/index.html

44. Teasdale G, Jennett B. Assessment of coma and impaired conscious-
ness: a practical scale. Lancet. 1974;304:81-84.

45. Russell WR, Smith A. Post-traumatic amnesia in closed head injury.
Arch Neurol. 1961;5(1):4-17.

Davis9781975143855-ch004.indd   87Davis9781975143855-ch004.indd   87 1/8/21   12:44 PM1/8/21   12:44 PM



F U N D A M E N T A L S  O F  A E R O S P A C E  M E D I C I N E 88

46. Hiploylee C, Dufort PA, Davis HS, et al. Longitudinal study of
postconcussion syndrome: not everyone recovers. J Neurotrauma. 
2017;34(8):1511-1523.

47. Wippold FJ II. Expert panel on neurologic I. Focal neurologic deficit. 
AJNR Am J Neuroradiol. 2008;29(10):1998-2000.

48. Pugh MJ, Orman JA, Jaramillo CA, et al. The prevalence of epilepsy
and association with traumatic brain injury in veterans of the Af-
ghanistan and Iraq wars. J Head Trauma Rehabil. 2015;30(1):29-37.

49. Annegers JF, Hauser WA, Coan SP, et al. A population-based
study of seizures after traumatic brain injuries. N Engl J Med. 
1998;338(1):20-24.

50. Frey LC. Epidemiology of posttraumatic epilepsy: a critical review.
Epilepsia. 2003;44(s10):11-17.

51. Miller SC, Whitehead CR, Otte CN, et al. Risk for broad-spectrum neu-
ropsychiatric disorders after mild traumatic brain injury in a cohort
of US Air Force personnel. Occup Environ Med. 2015;72(8):560-566.

52. Belanger HG, Curtiss G, Demery JA, et al. Factors moderating neu-
ropsychological outcomes following mild traumatic brain injury: a
meta-analysis. J Int Neuropsychol Soc. 2005;11(3):215-227.

53. Deuschl G, Krack P. Tremors: differential diagnosis, neurophysiology, 
and pharmacology. In: Jankovic J, Tolosa E, eds. Parkinson’s Disease
and Movement Disorders. Lippincott Williams & Wilkins; 1998:429.

54. Pittock SJ, McClelland RL, Mayr WT. Clinical implications of benign 
multiple sclerosis: a 20-year population-based follow-up study. Ann 
Neurol. 2004;56(2):303-306.

55. American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders. 5th ed. American Psychiatric Publishing; 2013.

56. Engelberg AL, Gibbons HL, Doege TC. A review of the medical stan-
dards for civil airmen. JAMA. 1986;255:1589-1599.

57. Kay GG. COGSCREEN: Professional Manual. Psychological Assess-
ment Resources; 1995.

58. Federal Aviation Administration. Specifications for neuropsy-
chological evaluations for potential neurocognitive impairment. 
2018. Accessed October 13, 2019. https://www.faa.gov/about/of-
fice_org/headquarters_offices/avs/offices/aam/ame/guide/dec_cons/
disease_prot/neurocog/

59. Lezak MD, Howieson DB, Bigler ED, et al, eds. Neuropsychological 
Assessment. 5th ed. Oxford University Press; 2012.

60. Hebben N, Milberg W. Essentials of Neuropsychological Assessment. 
2nd ed. John Wiley and Sons, Inc.; 2009.

61. Prigitano GP, Redner GE. Uses and abuses of neuropsychological
testing in behavioral neurology. Neurol Clin. 1993;11(1):219-231.

62. Lee AT. Vehicle Simulation. CRC Press; 2018.
63. Blue RS, Pattarini JM, Reyes DP, et al. Tolerance of centrifuge-simulated 

suborbital spaceflight by medical condition. Aviat Space Environ Med. 
2014;85(7):721-729.

64. Reschke MF, Clément GR, Thorson SL, et al. Neurology. In: Nicogos-
sian AE, Williams RS, Huntoon CL, et al, eds. Space Physiology and
Medicine. 4th ed. Springer; 2016:245-282.

65. Reschke MF, Wood SJ, Clement GR. A case study of severe space mo-
tion sickness. Aerosp Med Hum Perform. 2018;89(8):749-753.

66. Putcha L, Berens KL, Marshburn TH, et al. Pharmaceutical use by
U.S. astronauts on space shuttle missions. Aviat Space Environ Med. 
1999;70(7):705-708.

67. Reschke MF, Good EF, Clément GR. Neurovestibular symptoms in
astronauts immediately after space shuttle and international space
station missions. OTO Open. 2017;1(4).

68. Bacal K, Billica R, Bishop S. Neurovestibular symptoms following
space flight. J Vestib Res. 2003;13(2-3):93-102.

69. Mulavara AP, Peters BT, Miller CA, et al. Physiological and functional 
alteration after spaceflight. Med Sci Sports. 2018;(50):1961.

70. Moore ST, Dida V, Morris TR, et al. Long duration spaceflight ad-
versely affects post landing operator proficiency. Sci Rep. 2019;9:2677.

71. Graybiel A. Miller JE, Hamick J. Individual differences in susceptibil-
ity to motion sickness among Skylab astronauts. Acta Astronautica. 
1975;2:155-174.

72. Wood SJ, Loehr JA, Guilliams ME. Sensorimotor reconditioning
during and after spaceflight. NeuroRehabilitation. 2011;29(2):185-195.

73. Newman DJ, Amir AR, Beck SM. Astronaut-induced disturbances
to the microgravity environment of the Mir Space Station. J Spacecr
Rockets. 2001;38(4):578-583.

74. Ross HE. Astronaut’s perception of heaviness and limb position. Hum 
Perf Extrem Environ. 1998;3(1):34-36.

75. Lee AG, Mader TH, Gibson CR. Spaceflight associated neuroocular
syndrome (SANS) and the neuroopthamologic effect of microgravity: 
a review and an update. NPJ Microgravity. 2020;6:7.

76. Huang AS, Stenger MB, Macias BR. Gravitational influence on intra-
ocular pressure: implications for spaceflight and disease. J Glaucoma. 
2019;28(8):756-764.

77. Koppelmans V, Bloomberg JJ, Mulavara AP, et al. Brain structural
plasticity with spaceflight. NPJ Microgravity. 2016;2:2.

78. Jennings RT. Managing space motion sickness. J Vestib Res. 
1998;8(1):67-70.

79. Major Scientific Discoveries. Astronaut health and performance.
https://www.nasa.gov/centers/johnson/pdf/584739main_Wings-
ch5d-pgs370-407.pdf

80. Wood SJ, Paloski WH, Clark JB. Assessing sensorimotor function fol-
lowing ISS with computerized dynamic posturography. Aerosp Med
Huma Perf. 2015;86:A45-A53.

81. Zack M, Kobau R. National and state estimates of the number of
adults and children with active epilepsy. MMWR Morb Mortal Wkly
Rep. 2017;66(31):821-825.

Davis9781975143855-ch004.indd   88Davis9781975143855-ch004.indd   88 1/8/21   12:44 PM1/8/21   12:44 PM




