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INTRODUCTION





	Aerospace Neurology is the application of the clinical science of neurology to the aerospace environment.  The broad issues include 1) the effects of the various neurological diseases on flying performance and 2) the neurological effects of the various aspects of the aviation environment on the function�ing of normal indi�viduals.  Many neurological diseases which are medi�cal�ly without signifi�cant consequence can be devastating in the aerospace environment, e.g., severe migraines with associated functional incapacitation.  In normal individuals, physical effects of the aerospace environment can cause both limita�tions in flying perform�ance (back and radicular pain limiting the pulling of Gs) as well as total incapacitation (rapid decompres�sion with hypoxia and consequent seizures). 





	The broader topics of neuropsychiatry include the disci�plines of psychiatry and psychology, including the issues of human factors and task saturation.  As human factors are involved in over 50% of aircraft accidents, the importance of this topic is apparent.  This chapter is limited to a discussion of aero�space neurology.  The other aspects of neuropsychiatry, including aerospace psychi�a�try and psychology, are dis�cussed else�where in the text.











REVIEW OF CONDITIONS





Cerebrovascular Disease


	Cerebrovascular disease involves both the intra- and extra-cranial vessels.  Symp�toms of cerebrovascular disease vary from intermit�tent transient focal cerebral ischemia, to stroke in evolution, to a completed stroke (57).  The symptoms may lead to sudden incapacitation and may result in significant residual disability, be it in the language, intellectual, or sensorimotor functions.  Hemorrhagic cerebral events may also be the cause for sudden incapacitation and, although pilots have not been reported to have suffered this in flight, the potential for this from causes other than aneurysm is real.  Hemorrhagic cerebral vascular events may occur in association with coagulopathies, angiopa�thies, athero�sclerosis, infections, pregnancy, tumors, trauma, thrombo�sis, and intoxications, including alcohol.





	Etiologies of strokes are varied.  Vascular disorders such as arteritis and fibromus�cular dysplasia, migraine, compressive lesions, marked reduction in cardiac output due to dysrhythmia or asystole, cardiac or carotid emboli, endocarditis, and hyperviscosity syndromes are possible (58).  Risk factors include hyper�tension, family history of stroke, smoking history, hyperlipidemias, diabetes, obesity, and oral contraceptives.  





	The clinical picture of the disease is also varied; it may present as a transient or permanent neurologic deficit (4).  Initial events such as amaurosis fugax, contralateral hemipa�resis, and aphasia are frequently described with ischemia in the anterior circulation, whereas visual defects and diplopia, ataxia, dysarthrias, vertigo, crossed hemiparesis, and, rarely, drop attacks are seen with ischemia in the posterior circulation.  Transient global amnesia as the initial event has also been described, although its relation�ship to vascular disease remains controversial. 





	The diagnosis of cerebrovascular disease hinges on both history and physical examina�tion, as well as ancillary diagnostic tests.  Transient ischemic attacks (TIA) of the brain are focal neuro�logic deficits that resolve in less than 24 hours.  They are called reversible ischemic neurologic deficits (RIND) if they last longer than 24 hours but less than 72 hours.  Cerebral infarc�tions may progress over several hours or days as a stroke-in-evolu�tion, or may present suddenly, as with an embolic event from a cardiogenic or arterial embolus, tumor or diseased valve (58).  Ophthalmoscopy, cervical and ocular auscultation, blood pressure, urinalysis, complete blood count (CBC), blood urea nitrogen (BUN), glucose, lipid profile, electrocardiograph (ECG), cardiology consultation, computer�ized tomography (CT), angiog�raphy, and, occasionally, lumbar puncture may all provide insight into the diagnosis.  Treatment may include anticoag�ulant and/or antiplatelet therapy and surgical therapy.





	Flying duties must take into consideration the prognosis of the disease.  Patients who have a TIA have a 20-percent risk of stroke over the first year and a 5- to 10-percent risk per year thereaf�ter.  The risk of death is 8-10 percent per year.  Infarc�tion carries an approxi�mate risk of death or recurrence of 10 percent per year.  Recurrences are not infrequent, even in the treated patients (14, 58).  Because of the risk for sudden incapacitation, flying duties should be denied to any aviator with a history of recent TIA or stroke.  In the case of aviators with a saccular aneurysm or intracranial hemorrhage, flying duties should also be denied because of the unpredictabil�i�ty of subsequent bleeding.  The bleeding rate is reported to be 2-3 percent per year when no symptoms are present.  Once a saccular aneurysm enlarges to the point of becoming symptomatic, it ruptures in 15 percent within 6 months.  Once a saccular aneurysm bleeds, it rebleeds at a rate of 20 percent in 2 weeks and 40 percent by 6 months, with a 3 percent per year rebleeding rate thereafter (27).  One must consider that opera�tions that occlude aneurysms or arteriovenous malformations from the arteri�al circulation are curative, while endarterectomies are not consid�ered curative.  Therefore, operative management of saccular aneurysms may allow for reconsideration of flying duties on a case-by-case basis.  In contrast, after experiencing transient ischemic attacks and strokes, one generally is not considered safe for return to flying duties.


  


	Dysbarism is another variant of cerebrovascular disease.  This entity occurs as a result of decompression sickness in which nitrogen bubbles form in blood vessels, impairing circulation.  This entity is discussed more fully elsewhere in the text.  


�
Intracranial Tumors


	Benign tumors such as meningiomas cause their symptoms by expansion with compression of adjacent structures.  They grow slowly with few mitoses and minimal necrosis.  In contrast, malignant tumors such as glioblastomas are rapidly growing and invasive, with frequent mitoses, necrosis, vascular prolifera�tion, and endothe�lial hyperplasia.  Metastatic tumors generally follow the natural history of the primary source.  Only 48 percent of metastatic tumors are reported as having a single metasta�sis (53).  The classification of tumors beyond this discussion has been the basis of much controversy.  They have been classified by various systems using location, pathology and natural history (61). 


 


	Clinically, the presentation of a brain tumor varies.  Whether benign or malignant, they may present with signs of cerebral dysfunction, intracranial pressure associated with edema, or obstructive hydrocephalus, depending on location and rate of growth.  The most frequent initial complaint is headache, but other findings include papilledema, generalized or focal seizures, mental and personality changes, hearing and visual impairment, ataxia, sensory disturbances, neuroendocrine distur�bances, and even cerebral hemorrhage with acute apoplexy.  The essential clinical feature is generally one of progressive neurological deteriora�tion.  Other considerations include the remote effects of system�ic cancers and organ failures.  





	Diagnosis of an intracranial tumor is suspected by the history.  The neurological examination may yield evidence of a focal pattern of dysfunction.  Diagnostic modalities used to confirm or exclude the diagnosis of brain tumor include CT and magnetic resonance imaging (MRI) scans.  Lumbar puncture, al�though occasionally useful, is often contraindicated because of the potential for herniation (5). Because there may be several different types of tumor potentially  causing similar symptoms in the same cranial regions, histological diagnosis is important for prognosis.  Obviously, anaplasia in the classical histologic sense negatively affects prognosis (61).





	The treatment of brain tumors may affect the prognosis and the functionality of aircrew after the therapy. Treatment options include chemotherapy, radiation, and surgical therapy, or a combination of several therapies. Of course, all therapies have associated complications which may also affect prognosis and functionality. 


 


	The aeromedical dispositions of crewmembers with brain tumors must consider the issues of prognosis, treatment, and functional capacity.  In principle, the diagnosis mandates disqualification from flying duties.  Waiver for flying may be considered under very special circumstances: a crewmember with benign disease, treated successfully, and without sequelae, complica�tions, anticipated recurrence, or subsequent chronic use of medications that may them�selves impair performance (5).  





Head Injury


	Nonpenetrating head trauma ranges in severity from being incon�sequential to severe incapacitation.  The majority of nonpenet�rating head injuries are associated with motor vehicle,  sports, and industrial acci�dents.  Most common�ly, this type of injury occurs during sudden deceleration, when the moving head strikes a fixed or non-deformible object. Closed head injuries are distinguished from open head injuries which include stabbings and missile injuries to the head (3,51).  





	The injury producing forces in closed head trauma are complex; compression, accelera�tion, and deceleration occur during the traumatic epi�sode.  These forces are coupled with the shearing forces on the brain and brain stem, and can cause partial loss of function and sometimes loss of consciousness (51).  





	A simple classification of closed head injury separates the injuries by severity.  Initial graduation of the injury is important, since it has prognostic significance and thus affects the ultimate neurological outcome of the patient and the aero�medical disposition.  The Glasgow Coma Scale may be useful in this case, although one must consider that even mild dysfunc�tion by this scale may be very significant aeromedically. Ultimately, the actual functional recovery and long-term risk for sequelae, e.g., post-traumatic seizures, determine the final aeromedical disposition (23).  





	A mild closed head injury is characterized by a brief period of loss of consciousness of less than 30 minutes and/or post-traumatic amnesia lasting less than 1 hour before return of continuous memory (3).  A moderate closed head injury is a more severe type of concussion where the "bruising" of the brain leads to impaired consciousness for a period of time greater than 30 minutes and/or post-traumatic amnesia lasting 1-24 hours (3,51).  A severe head injury is characterized by loss of consciousness and/or post-traumatic amnesia lasting longer than 24 hours.  This may be seen with a laceration of the brain and may present with coma and posturing.


  


	The diagnosis of a brain injury must take into account whether the patient sustained an initially mild injury such as a concussion or whether there was a more severe injury.  In the acute setting, this diagnosis is important in order to manage the potentially devastating effects of a brain injury, which may include intracranial hemorrhage, edema, coma, and death.  Along with a detailed history, a complete neurological examination is required.  This may be limited to a Glasgow Coma Scale assessment in the case of patients with depressed neurological function.  Subsequent evaluations may include skull films and a cranial CT scan.  The combination of findings will define the extent of brain injury and may both dictate further action and establish  the prognosis.  As a general rule, overnight observation, with period�ic neurologic checks, is indicated in any closed head injury in which even transient loss of consciousness occurs, as this indicates an impact of sufficient severity that the patient is at risk for an epidural hematoma.  A persistent depression of consciousness, neurological deficit, or evidence of increased intracranial pressure (nausea, vomiting, papilledema, anisocoria, or posturing) generally mandates a CT scan of the head and a neurological or neurosurgical consultation.  Treatment of severe head injury may require oxygena�tion, hyperventilation, blood pressure and meta�bolic medical management, and surgical decompression.  Management of a concomi�tant injury to the cervical spine, as well as associ�ated trauma to other areas of the body, should always be addressed.  Ulti�mately, the patient may recover after physical therapy and rehabilitation (3,32,51).





	Complications of closed head injury may include cranial nerve injuries, parenchymal damage, mental and personality changes, headaches, amnesia, epilepsy, and post-traumatic syn�drome.  





	Post-traumatic syndrome is an ill-defined syndrome following head injury that may present with persistent disabling symptoms.  The three cardinal late symptoms are headache, which is paroxys�mal and lasts hours, often against the background of continuous pain; giddiness, which is not necessarily a true vertigo but a feeling of instability; and mental disturbances, manifested by an inability to concentrate, fatigue, and impairment of memory, often with nervousness, anxiety, and intolerance to alcohol.  This syndrome may progress to a frank psychosis resembling Korsakoff's psychosis with memory defects and confabulation, mood swings, and, infrequently, dementia (51).  Post-traumatic epilepsy is a seizure disorder occurring as a result of the injury which may affect 6 percent or more of patients.  This disorder depends on the severi�ty of the injury (51).  	





	Aeromedical disposition of the patient should take into account the neurological sequelae that the patient exhibits.  Obviously, a patient with significant neurologic deficits such as a hemiplegia or a personality or intellectual deficit should be restricted from flying activities until at least complete resolu�tion of symptoms.  Aircrew with post-traumatic syndrome or increased risk for post-traumatic epilepsy also are not accept�able for flying duties.  One must not overlook the impact of closed head injury on cognitive functioning.  The flyer must be seen as a decision maker in a complex human/machine system that requires a capacity for time-critical integration of information from several sources and adaptability to changing situations.  Time-sharing ability between two tasks and reaction time are good predictors of flying ability (3).  Any decrement in either capacity should be consid�ered grounds for denial of flying duties.  A CT scan of the head should be done as soon as possible in all moderate and severe closed head injuries.  Return to flying status will be considered only in cases in which there is a full return of neuro�logical functioning, including cognitive functioning.  





	Due to the risk for cognitive impairment, neuropsychological testing is necessary in all cases of moderate and severe closed head injury prior to returning an aviator to flying status.  Additionally, because of a risk for post-traumatic seizures, a waiting period is also necessary.  Currently, this waiting period is 30 days for mild closed head injuries; 6 months for moderate closed head injuries in which a CT of the head was done within 48 hours of injury and was normal (this mandates an early CT in such cases not just for medical management but also for enabling an early return to flying status); 2 years for other moderate closed head injuries; and 5 years for severe closed head inju�ries.  Unfortunately, EEGs cannot adequately predict the risk for the development of post-traumatic seizures.  The development of post-traumatic seizures, an early requirement for intraven�tricu�lar shunting and other complications permanently disqualify an aviator from flying duties.  





Extrapyramidal and Movement Disorders


	The presentation of movement disorders can be classified into two main clinical pictures:  a)  those with decreased movement, including the akinetic-rigid syndrome of parkinsonism, often idiopathic, and b) those with increased movement, i.e., abnormal involuntary movements known as dyskinesias.  The latter is divided into 5 recognizable clinical syndromes:  tremor, chorea, myoclonus, tics, and dystonias (36).  





	Parkinsonism is a pathophysiologic state or clinical syn�drome which reflects a dopamine deficiency.  This syndrome may also be due to secondary causes such as metabolic disorders; intoxications; viral infections; vascular, neoplastic and trau�matic lesions; and, rarely, from atherosclerosis with repeated infarcts (2).  Other syndromes in which parkinsonism may be a part include olivopontocerebellar atrophy, combined striato-nigral degeneration, and multisystem atrophy with little or no tremor (15,26). 





	Parkinson's disease is the classical disorder which affects 1 percent of the population over 50 and represents about 75 percent of the cases of parkinsonism seen today.  The etiology is speculative, although its pathogenesis resides in dopamine deficiency (15,41).  





	Clinically, parkinsonian features in Parkinson's disease are characterized by rigidity, tremor, bradykinesia, and postural instability.  The voice becomes monotonic.  There is gait impair�ment with festination (running after one's center of gravity) and propulsion, as well as small steps.  Additional symptoms and signs include drooling, a "pill-rolling" tremor, seborrhea, diaphoresis, and dysphagia.  Depression is commonly seen.  A small number of patients develop mental impair�ment, hypotension, and a neurogenic bladder.  Dysautonomia is rarely as severe as in the multiple system atrophies (2,15,41).  The disease is progres�sive and eventually leads to rigid incapacitation.  Treatment is primarily pharmacologic (34,37).





	Aeromedical disposition of patients with Parkinson's disease or parkinsonism must take into account the progressive nature of the disease process and the fact that extrapyramidal disorders worsen under stressful conditions.  No patients with this process should be allowed to fly military aircraft.  





Demyelinating Conditions


	Multiple sclerosis (MS) is the prototype of these sporadic progressive conditions.  Pathophysiologically, MS consists of demyelination of the white matter of the central nervous system, leading to inflammatory lesions which form sclerotic plaques (35,50).  Other demyelinating conditions are neuromyelitis optica (Devic's disease) with acute visual dysfunction and transverse myelitis that may prog�ress to full MS; concentric sclerosis, which presents as an acute MS syndrome and ends in death in an average of 4 months; myeloclastic diffuse sclerosis, which presents as a sclerosing panencephalitis; and progressive multi-focal leukoencephalopathy, as occurs in immunosuppressed patients and those with acquired immunodeficiency syn�drome (AIDS)(50).  





	Pathologically, the formation of scattered plaques in MS leads to dysfunction of the nervous system that cannot be explained on the basis of a single lesion.  The disease is usually associated with relapsing/remitting patterns.  Chronic pro�gressive forms are reported in 5-10 percent of MS patients.  The etiology of the disease is unknown, although epidemiological evidence suggests a viral or similar infection early in life to which an autoimmune reaction occurs (35,41,50).





	Clinically, the disease most frequently exhibits ocular symptoms, with loss of central vision in one or both eyes due to retrobulbar neuritis and an associated afferent pupillary defect.  Although 90 percent are expected to recover full visual acuity, visual-evoked responses persistently demonstrate a delay.  Disc edema and retinal hemorrhage have also been described, enlarging the differential to include increased intracranial pressure.  Loss of color vision may ensue with initial macular involvement.  A demyelinative chiasmal process may also lead to bitemporal hemianopsia.  Diplopia is common due to internu�clear ophthalmo�plegia, although it is not pathognomic for MS since it also may occur with pontomesencephalic tumors or vertebral basilar isch�emic disease.  Sensory symptoms of paresthesias and numbness are common.  Lhermitte's symptom may be present where a patient senses an electric shock down the neck toward the hands and feet when the neck is flexed.  This symptom may also occur in motor neuron processes.  Cerebellar ataxia, vertigo with vomiting and pyrami�dal lesions, sometimes with acute paraparesis, also are seen.  Rarely, there is a presenting hemiplegia.  Sphincter disturbances with frequency and urgency are common.  Disor�ders of cognition, depression, personality changes, and, rarely, coma can occur (41,50).  





	The diagnosis of MS is frequently difficult because often these symptoms remit.  This process can be frustrating for the patient and the physician.  The diagnosis is primarily clinical.  Ancillary testing may support the diagnosis.  Visual-evoked and brain stem-evoked responses may show delays in the wave laten�cies.  The CT scan may reveal typical periventricular plaques and other lesions.  An MRI is more sensitive in revealing the plaques and is the current gold standard.  Cerebral spinal fluid (CSF) studies may support the diagnosis.  Treatment for the disease is supportive and the prognosis is one of progressive neurological dysfunction (41,50).  Beta interferon in one study was found to reduce the frequency of attacks, but has side effects which limit its utility.  





	No patient with MS or demyelinating conditions should be permitted to fly, since the neurological dysfunction and the unpredictable course may cause incapacitation in flight.  





Intellectual Disturbances


	A discussion of cognitive and behavioral processes is beyond the scope of this chapter.  Nevertheless, acquired abilities in language and other areas of knowledge may suffer deterioration in aircrew.  The main issues in these areas address the aphasias, apraxias, and agnosias which may occur as a result of trauma, infections, cerebrovascular disease, and tumors.  Aphasia is defined as a disturbance of previously acquired language ability.  It may be receptive, conductive, or expressive, and most fre�quently presents with lesions in the dominant cerebral hemi�sphere, although it has been reported in other areas of the brain.  An apraxia is a loss of a learned skilled motor task and may include such things as inability to dress oneself or to purposely move a limb or walk.  Agnosias are parietal lobe dysfunc�tions that affect one's ability to locate oneself.  They may lead to spatial disorientation, inability to identify one's fingers (finger agnosia), dyscalculia, and inability to recognize and copy figures.  They may also be defined as the ability to see, hear, and feel, with failure to appreciate the meaning of the perceived object.  Alexia affects reading ability and may be associated with or without agraphia, the latter occurring in disconnection syndromes of the corpus callosum.  





	Diagnosis and prognosis are dependent on the cause.  Aeromedical disposition should nevertheless always lead to disquali�fication from flying (41).  Aeromedical consultation may be indicated in questionable cases.  





Dementias


	Dementia represents a symptom complex that may occur in over 60 diseases.  The diagnosis of the specific disease is of paramount importance if intervention is to halt or reverse the process (28).  The major disease categories with dementia as a feature include diffuse parenchymal diseases, neurodegenerative diseases, metabolic disorders, vitamin deficiency diseases, hypoxia and anoxia, normal pressure hydrocephalus, toxin- and drug-induced vascular disease, trauma, infec�tions, tumors, and depression.  Alzheimer's disease repre�sents the idiopathic variety and presents with the classi�cal description of func�tional loss expected with dementias (47). 





	The typical patient with dementia will present initially with memory complaints and evidence of impairment in other cognitive spheres.  The patient may have difficulty finding words or have trouble balancing a checkbook.  Some patients present with focal findings of isolated memory loss, progressive agnosia, aphasia, or apraxia (28).  There may also be a slow loss of reasoning, memory, comprehension, or verbal skills (41).  





	Evaluation and diagnosis must center on the mental status examination by determining the presence of a cognitive deficit.  One must stress what changes occurred from the previous function�al state (28).  A full medical assessment should evaluate for metabolic, endocrine, and electrolyte abnormalities as well as evidence of infection and neoplastic disease (33).  A CT scan 


of the head is usually adequate to evaluate for normal pressure hydrocephalus, most intracranial lesions, cerebrovascular dis�ease, and other causes, many of which are treatable.  Occasional�ly, an EEG and, rarely, a brain biopsy may be indicated (41).  





	Always consider pseudodementia, i.e., depression, as a primary cause of cognitive dysfunction.  Furthermore, even after establishing Alzheimer's disease (a diagnosis of exclusion), always consider the possibility that another disease may be worsening the symptom�atology, e.g., depression or hypothyroid�ism, which may coexist with underlying dementia.





	The prognosis for dementia depends on the etiology.  Idio�pathic types of infectious and vascular dementias will result in neurolog�ical deterioration, initially affecting thinking and memory, and generally progressing(28,41,47).  Metabol�ic and organ failure dementias may lead to irreversible or reversible demen�tia.  Human immunodefi�ciency virus (HIV) may also present with a progressive and irreversible dementia syndrome (33).  





	Aeromedical disposition in dementias must first seek to establish the diagnosis.  One can then determine the prognosis and potential functional neurologic residual state if correct�able.  The evaluation should include full psychometric testing to ascertain the cognitive status.  In principle, however, the evaluee will be disquali�fied from flying because of the potential for subopti�mal performance or incapacitation (41).  





Spinal Cord Syndromes


	Compression or injury to the spinal cord may occur with many conditions.  Trauma and disc syndromes are the ones that most concern the aerospace community.  An injury to the spine may lead to fracture-dislocation or direct cord injury.  Spontaneous fracture-dislocations may occur when the spine is already dis�eased.  Sudden decelerations or forcible flexion and extension may injure both the spine and the cord, and a contusion may lead to focal hemorrhages and ascending and descending degeneration with cord "softening."  Dysbarism also may lead to cord damage (diving DCS causes cord injury much more frequently than aviator’s DCS).  Other conditions which may cause cord compression include bony neo�plasms, Paget's disease, infectious osteitis, a severely pro�lapsed intervertebral disk, and spinal stenosis.  





	Clinically, these conditions may initially present with back pain, which is a frequent presentation of disk disease (8).  The pain may be of a radicular quality.  There may be accompanying weakness, reflex loss, or sensory loss.  The distribution is consistent with the dermatomes affected.  In�volvement of multiple roots leads one to consider etiologies such as tumors, neuriti�des, thoracic outlet syndrome, and spinal stenosis, among others (8,46).





	Diagnosis of these conditions requires a thorough neurological examination and radiographic evaluations.  The latter should include x-rays of the spine in the suspect area and, in some cases, an MRI or CT myelogram of the area of concern.  Electromy�ography (EMG) may be helpful in clarifying the location of the lesion.  As the natural history of herniated discs treated conservatively is often good, surgery should usually be consid�ered only for those who fail conservative therapy.  Acute onset weakness, bowel or bladder incontinence, or a sensory level disturbance suggest a compressive myelopathy which is a medical emergency requiring an immediate neurosurgical consultation.  Lumbar puncture is indicated in suspected cases of meningovascul�ar syphilis and other meningitides.  Caution should be exercised to assure no pathology exists at the lumbar puncture site, e.g., an epidural abscess which could introduce the infec�tion into the CNS with lethal consequences.    





	Aeromedical disposition of patient with spinal cord syn�dromes depends on the etiology of the condition as well as the success and stability of treatment.  Disc disease that is respon�sive to conservative therapy or surgically correctable with a stable resolution is waiverable.  Other conditions that lead to a permanent neurological deficit may be incompatible with flying duties because of limitations in the safe control of the aircraft and may lead to disqualification (8).  





Peripheral Nerves


	Disorders of the peripheral nerves are many and a discussion of each of them is beyond the scope of this chapter.  One must consider that a neuropathy may involve one or several nerves, and the etiology may vary from partial to complete injury.  Traumat�ic, neoplastic, ischemic, pressure, toxic, and post-infectious neuropathies are further described in textbooks on general neurology.  





	Generally, injuries to peripheral nerves may be described in two terms.  Axonotmesis is a type of lesion best illustrated by experimental crushing of the nerve, which damages the axons, but not their sheaths.  Although distal degeneration occurs, regener�ation can occur with a complete functional recovery.  Neurotmesis is a division (separation) of the axons and the sheath.  In these cases, regenera�tion is not as predictable.  All disturbances of nerve conduction result in a dysfunction of the motor, sensory, vasomotor or sudomotor, and trophic functions controlled by that nerve (51,62,63).





	Peripheral nerve injuries are most often found in patients with a history of other injuries.  The resultant loss is mani�fested by a distal loss of function. The magnitude of the injury and progression of the improvement should be documented by neurologic examinations and ancillary testing such as nerve conduction studies and EMGs.  When regeneration has not occurred within two years, it is most likely irreversible (8,51).  





	Tumors of the peripheral nerves lead to damage by compres�sion or invasion.  They vary in etiology from schwannomas to fibrosarcomas and can be part of some familial conditions such as Von Recklinghausen's disease.  Clinically, they tend to present with pain and paresthesias and lead ultimately to a loss of func�tion.  Tinnel's sign may be positive, and there is usually a slow progression (8).  





	Polyneuropathies comprise dysfunction of multiple peripheral nerves.  They typically affect the motor and sensory function and often result in symmetrical flaccid muscular abnormalities with sensory disturbances.  Typically, they affect the distal more than the proximal segments, at least initially, and prog�ress proximally (51). 





	Many causes of peripheral neuropathies have been described.  Among them are toxins, including metals, drugs, and organic chemicals; metabolic disorders; infections; post-infective reactions, as in the case of Guillain-Barre Syndrome (GBS); trauma; ischemia; and the rare genetic polyneuropathies and paraneoplastic syndromes (8,51).  





	Clinically, the distal symmetrical neuropathies will present with distal weakness, sensory loss or dysfunction, and decreased reflexes, usually more so in the lower than the upper limbs.  With the exception of GBS, they rarely produce sudden disability (acute or subacute).  The prognosis of these conditions hinges on the etiology.  Some are amenable to medical treatment and some resolve without incapaci�tating sequelae.  The degree of residual disability will also vary with the diagnostic entity.  





	Diagnosis is based on the clinical picture and presentation.  Ancillary testing may include laboratory evaluation of toxic-metabolic disturbances as well as EMG and nerve conduction studies (51).  In the case of GBS, the presentation of an acute post-infective polyneuritis following a febrile illness after a latency period of days to weeks may lead to a suspicion of the diagnosis.  The increasing muscular weakness and sensory disturbance often develop in less than a day and may ascend relatively symmetrical�ly to involve respiratory and cranial nerve segments.  Prognostically, GBS has a 5-10 percent mortality, even in the modern setting, and those who survive the first 6-8 weeks usually recover after many months.  Up to 20 percent of GBS patients have some persistent weakness, or sensory impairment, or both (51).  Most importantly, GBS should be considered a medical emergency.  Despite the excellent prognosis, death can occur if the diagnosis is missed and respiratory failure occurs in a nonmonitored setting.  If a young, seemingly healthy individual complains of mild distal paresthesias or weakness, always check the Achilles reflexes and, if absent, consider the diagnosis GBS until proven otherwise.  Hospitalize this individual on a monitor, with fre�quent assessment of respiratory function.  





	Aeromedical disposition of patients with polyneuropathy is dependent on the etiology and prognosis.  It also must take into account the residual disability.  The patient with intermit�tent porphyria, for example, in which a specific drug has been impli�cated, may be returned to flying duties after a period of obser�vation, typically 1 year (8), has ensued without recurrence or sequelae.  The patient with GBS and complete recovery as docu�mented with EMG and nerve conduction studies as well as neurolog�ical examination may also be returned to flying duties, as recurrence is not anticipated.  The patient with compressive mononeuropathy surgically treated without sequelae, as may occur with carpal tunnel syndrome, may also be returned to flying duties barring a metabolic etiology such as amyloidosis.  Condi�tions in which there are residu�al dysfunction are disqualifying, however.  





Seizure Disorders


	A discussion of epilepsy must first center on the fact that everything that shakes is not a seizure.  Epilepsy affects about 1 percent of Americans, and these patients suffer paroxysmal alterations of brain function, giving rise to various behavioral manifestations that neurologists have come to understand and classify.  





	A classification of epilepsies divides seizures into two major types.  The international classification of epileptic seizures recognizes partial seizures and generalized seizures.  A third category includes those that are unclassified because of inadequate or incomplete data (40,64).  The latter may be of significance in the aeromedical environment since an aviator with a poorly documented "seizure" may be incorrectly classified and thus managed inappropriately.  Included in the differential diagnoses are cardiogenic syncope, hypoglycemia, and narcolepsy, which in and of themselves have an impact on health and flight safety and should be disqualifying, with the exception of vasovagal syncope associated with an emotional stress (11).





	Partial seizures are defined as having a single hemisphere focus.  They are classified as simple when consciousness is not impaired.  There can be motor, somatosensory, special sensory, autonomic, or psychic symptoms.  The latter, however, should not be confused with pseudoseizures (a.k.a. nonepileptic seizures, a conversion disorder), breath-holding attacks of childhood, hypoglycemia, sleep disorders, migraines, and syncope.  Complex partial seizures present with impairment of consciousness and may progress to automatism or may secondarily become generalized to a tonic-clonic seizure.  Primarily generalized seizures are bilat�erally symmetrical, without local onset, and may be attacks of absence, tonic-clonic, just tonic or just clonic, myoclonic, or atonic seizures.  





	Clinically, the typical absence seizure is characterized by paroxysmal periods of inattention, presenting most frequent in child�hood, lasting 10-45 seconds, and occurring without warning (40).  





	Aeromedical disposition should consider the prognosis of the seizure patient and the effect of a seizure on control of an aircraft.  A portion of healthy young adults who have a single idiopathic convulsion will have another, most often within the first 3 years following the initial seizure.  There�fore, a seizure in an adult should lead to disqualification from flying duties.  The aeromedical disposition of secondary seizures should account for the prognosis of the underlying disease, such as abrupt withdrawal of neurotropic drugs or alcohol, but in princi�ple should lead to disqualification.  Finally, medica�tions for seizure control do not predictably control the seizures and have side effects that are incompatible with the effective and reliable control of aircraft (11).  





Loss of Consciousness 


	Before defining loss of consciousness, one must address the definition of consciousness.  This state is best described as full wakefulness and alertness with awareness of one's self and environment.  The causes of loss of consciousness are varied and may be due to metabolic disturbances, mass lesions, seizure disorders, exposures to toxins and drugs, and cerebrovascular disease.  Postural hypotension has been described as leading to "fainting" and may occur in soldiers standing at parade, with hypotensive medications, and with certain diseases.  Loss of consciousness has been described with alcohol, after a meal (postprandial), after a cold drink, after a bowel movement, during and after micturition, and during an episode of pain.  Syncope may also occur with prolonged cough, swallowing, hyste�ria, polycythemia, carotid sinus hypersensitivity leading to bradycardia and hypotension, and cardiovascular disorders with atheromas and arrhythmias (51). 





	A type of syncope that should be addressed is vasodepressor syncope, also called vasovagal syncope.  This disorder is the most frequent type of syncope seen.  It is the result of a fall in blood pressure secondary to emotional states or pain.  This is frequently preceded by pallor, nausea and sweating, followed by pupillary dilation and bradycardia.  Convulsive states and, in some cases, incontinence have been described as well.  As a rule, normalcy returns with recumbency.  It is generally benign and nonrecurrent, not requiring disqualification from flying (43).  Aircrew sustaining an observed and well documented vasovagal syncope, if it is nonrecurrent or the etiology can be avoided, are usually returned to flying status.  When vasovagal syncope is recurrent, or when the etiology of the syncope is unclear, an evaluation at the Aeromedical Consultation Service (ACS) is required.  





	Clinical manifestations of syncope vary with the etiology.  The history is critical in elucidating the diagnosis.  Aero�medical disposition must consider the etiology of the syncope.  Cardiac arrhythmias or blocks are causes for disqualification, since they are unpredictable in causing syncopal epi�sodes.  In con�trast, gravity-induced loss of consciousness (GLOC) can be prevented and tolerance to increasing gravity may be developed with train�ing in most individuals (19,20,43,54,55,56,5�9) and therefore should not lead to disqualification.  





Infections


	Infections of the nervous system are many and definable as meningitides and encephalitides, depending on whether they infect the meninges or brain parenchyma, respectively.  Presen�tations may vary from classical menin�gitis and encephalitis to dementia, delirium, and strokes.  It is also important to realize that superimposed on the problems of the variable presentation and tempo of clinical evolution is the identification of the etio�logic organism.  There is a plethora of causal organisms, and yet identifica�tion of the organism is usually necessary for an effective therapeu�tic intervention.  This chapter will not address each and every potential infection of the CNS.  For further detail the reader is referred to standard texts on the subject (4).  





	The emerging picture of dementia in AIDS encephalopathy and the role of the AIDS virus have recently been topics of contro�versy in the aerospace environment.  The main question is, "When and how do you, as a physician, determine that a patient with the virus is no longer optimally functional in aircrew duties?"  The answer is an elusive point in time.  The AIDS virus, also re�ferred to as the human immunodeficiency virus (HIV), is neurotop�ic (38,39).  Clinically, this complex may present with oppor�tunistic infections such as CNS toxoplasmosis, cryptococcal meningitis, and other opportunistic infections.  Furthermore, a dementia complex occurred in nearly two-thirds (46 of 70) of the autopsied patients in Navia's report that had no focal or con�founding metabolic variables (38).  The most frequent early signs of the dementia are somewhat similar to other demen�tias.  The patients present with cognitive deficits, forgetful�ness, confu�sion, loss of concentration and slowness of thought.  They may have more focal deficits with leg weakness, handwriting deterio�ration, loss of balance, behavioral apathy, withdrawal, dyspho�ria, and psychosis.  Headaches and seizures have been described as the initial event.  These patients will not infrequent�ly present with peripheral neuropathies, both symmetric and asymmet�ric, painful dysesthesias, retinopathies, vascular and hemorrhag�ic CNS events, and stroke syndromes from nonbacterial thrombotic endocarditis (6,33,38,42).  The prognosis of these patients is one of an indolent neurological deteriora�tion that may be punctu�ated by a rapid progressive course of weeks or months.  The HIV virus is found in the cerebro�spinal fluid and brain tissue of the dement�ed patients at autop�sy.  Pathological studies also reveal primarily white matter deterioration in the brain and spinal cord posterior and lateral columns similar to that seen in subacute com�bined degeneration described with B12 deficiency states.  Peri�vascular lymphocytic and brown pigmented clusters of macroph�ages as well as multinu�cleated cells are found associated with multifocal rarefication of the white matter.  Ultimately, there is brain atrophy (39).  





	Aviators diagnosed as carriers of the HIV should be disqual�ified since they may subsequently present with cognitive and mental defects.  They may progress subacutely with impaired performance or suffer an acute incapacitat�ing event.  Also, the current state of diagnos�tic and therapeutic interventions does not predictably modify prognosis.  Consequently, being an HIV carrier should be grounds for permanent disqualifi�cation.





Migraines


	Migraines are one of the most common neurologic disorders.  They are characterized by variable symptoms and period�icity, and classically present with an aura, most frequent�ly visual, usually followed by a unilateral throbbing hemicrania, often accompa�nied by nausea and vomiting and, often hours later, subsiding with residual fatigue.  Sleep is restorative.  Migraines may be preceded by conspicuous alteration of sensory and motor function, and mood disturbances (1,52).  





	The etiology of migraine and other vascular headaches has been associated with vasoactive substances such as amines (sero�tonin), prostaglandins, and polypeptides such as bradykinin and histamine.  Psychological factors and a family history of mi�graines have also been implicated (18,52).  Dietary factors (including vasoactive substances such as alcohol), hypoglycemia, immune complex disease, smoking, and hormones (including birth control pills) have been implicated.  Exposure to altitudes over 8,000 ft may trigger headache with visual, sensory, or motor aura developing immediately after exposure to altitude rather than delayed as in the nonmigraneur (1,25).  The primary cause of migraine, however, is still elusive (10).  The best headache classification system is that provided by the International Headache Society Headache Classification Committee (65).  The current listing includes migraines, tension-type headaches, cluster headaches, chronic paroxysmal hemicrania headaches associated with head trauma and numerous other headache types, with each of these types in turn having numerous subtypes.  Use of this classification system enables common terminology, a necessary first step in both epidemiological studies and appro�priate aeromedical disposition.  





	Classic migraines are vascular headaches that are usually unilateral, but may present a changing pattern with each attack or become bilateral.  They are often preceded by an aura of 20-40 minutes duration, frequently visual, but that may be hemiparetic, hemisensory, or dysphasic.  Almost all patients will describe photophobia and some visual hallucinations in one eye.  The headache will begin as the prodromata subside.  Although prodro�mal symptoms generally precede the headache, ophthalmologic or neurologic symptoms may develop during or after the onset of the headache (1).  Nausea, vomiting, photophobia, hypersensitivity to noise, odors, and other extraneous stimuli are also typical (31).





	Common migraines are the most frequent, occurring in over 80 percent of migraine sufferers.  The prodromes of common migraines are often vague and may precede the headache by days or not at all.  The associated symptoms are similar. 





	Cluster headaches are also discussed here, though they are not actually considered a type of migraine.  They occur in a series of closely spaced attacks.  The series of attacks may be followed by years of remis�sion (1).  Clinically, they present with unilateral perior�bital pain of short duration that may linger in the eyeball.  The cephal�gia is usually associat�ed with conjunctival injection, nasal stuffiness and rhinorrhea, and increased lacrima�tion on that side (30,52).  Suffusion of the globe and rhinorrhea are pathogno�monic.  The acuteness of the presentation requires differentiation from acute glaucoma, iritis and hemorrhagic phenomena (22).  





	Ophthalmoplegic migraine rarely occurs in the adult.  In this type of migraine, there is an ophthalmoplegia of the third cranial nerve with extraocular muscle palsies.  There is also pupillary dilation, external strabismus, and diplopia.  The paralysis may occur as the head�ache subsides and may last a few days.  Repeated attacks may lead to permanent injury of the third cranial nerve (1,22).





	Hemiplegic migraines are characterized by neurologic defi�cits of hemiparesis or even hemiplegia.  The neurologic deficit may persist for some time and incomplete recovery is not uncommon (48).  





	Other variants of vascular headaches have been described.  Basilar artery migraines are associated with brain stem dysfunc�tion manifested by ophthalmoplegia, vertiginous attacks, ataxia, and sensorimotor disturbances.  Complicated migraines are those that lead to neurologic sequelae similar to cerebrovascular accidents (1,48).  Migraine equivalents describe migrainous attacks consisting of periodic recurrences of other bodily disturbances  such as paroxysmal tachycardia, vertigo, cyclic edema, and recurrent thoracic, pelvic or abdominal pain, with little or no headache.  The latter are often mistaken for intra-abdominal conditions and are in the differential of acute abdomen (1).  





	The diagnosis of any migrainous condition in the aviator is best made by a neurologist so as to reduce the potential for a misdiagnosis that might lead to unwarranted disqualification.  Relevant diagnostic procedures include a detailed history of the number of headaches and types, age and circumstances at onset, family history, characteristics of the pain, presence of pro�drome, associated systemic or neurologic symptoms, precipitating factors if any, emotional factors, medical history of past ill�nesses and concurrent disease, trauma, surgery, allergies, and response to medications.  An EEG, lumbar puncture, and CT scan or MRI may be needed to evaluate other possible diagnoses, but the history is most important in establishing the diagnosis (17,31).





	Migraines may be managed by myriad techniques.  There is an array of approaches proposed for migraine control.  The pharmaco�logic agents are directed primarily at preventing vasoconstric�tion.  Beta blockers and tranquilizers, sedatives, muscle relax�ants, anticonvulsants, and anti-inflammatories have been used.  Chronic use of medication is typical.  Psychotherapy, acupunc�ture, and even surgical therapy (the latter without merit) have been tried (1).  Prognosis is, nevertheless, one of recur�rence, with the obvious incapacitating effects of a severe headache with neuro�log�ic manifestations.  Exertional headaches, as described in athletes in the Olympics held in Mexico in 1964, may provide a variant that is not incapacitating if occurring only with certain activity that may be avoidable.  Another variant is coital headache occurring at sexual climax, which is predictable and preventable while flying.





	Aeromedical disposition must take into account that migraine is a potentially incapacitating condition.  The presence of an  aura in flight, especially during a critical phase of flight, could lead to catastrophic consequences.  Military flying re�quires a full complement of neurologic capabilities at all times.  The diagnosis of migraine must therefore be considered dis�qualifying for flying duties.  In principle, however, one should consider that some migraine headaches may be mild and infrequent, and amenable to control with routine analgesics.  The latter might lead to waiver if such a case is documented.  This deci�sion, however, should be made only after a thorough neurolog�ic evaluation reveals no other condition (1).  Currently, an aviator with mi�graines requires an evaluation at the ACS and is considered for waiver after being asymptomat�ic for one year.  





	Tension headaches are the most common type of headache and may be associated with migraines.  Although few headache-prone individuals are spared this condition, a small percentage of patients will suffer prolonged, intolerable, incapacitating headaches resulting in disruption of work capabilities.  These headaches usually occur during periods of emotional, physical, or other stresses; are usually dull and nonthrobbing; and may be occipital, spreading frontally or more generally; and last 1-4 hours.  Self-treatment with analgesics are usually effective, as is management of the precipitating stress (1).  The flight surgeon must assure that there is no underlying mental or physi�cal disorders.  Tension headaches are not disqualifying unless incapacitating.  





Vertigo and Airsickness


	Vertigo may be defined as an illusion of movement of the body in space.  Vertigo may occur as a result of psychological stimu�lation or pathological dysfunction of any of the three stabiliz�ing sensory systems--vestibular, visual or somatosensory.  There are two principle forms.  First, the external world may appear to move, and second, the body itself may be felt to move.  The vertigo may be accompanied by involuntary movements such as falling, disordered orientation of body parts, or nystagmus, and may be accompanied by autonomic dysfunction with pallor, nausea, vomit�ing, pulse and blood pressure variations, and even diarrhea (51). 





	Maintenance of body position depends mainly on visual, vestibu�lar, and proprioceptive inputs.  The otoliths provide orienta�tion of the organism in reference to gravity and the semicircu�lar canals in reference to angular head movement.  Body proprioceptors provide information on the position of trunk and limbs in relation to each other.  All the afferent impulses are integrated by central mechanisms of which the cerebellum, vestibular nuclei, medial longitudinal fasciculus, and red nuclei are the most important.  Interpretation is done at the cortical level, mainly in the tempo�ral and parietal lobes, and influences voluntary movements.  Disorders of any portion of the mechanism may result in vertigo (51).  Thus, causes of vertigo are varied (see Table 11-1).  They may have a psycho�genic, cortical, ocular, cerebellar, brain stem, eighth nerve, or intraaural cause.  Many causes are not pertinent to the aerospace environment since they are disqualifying because of underlying prognosis.  The list is long.  A differential should delineate disorders producing sudden episodic dizziness and those of chronic disequilibrium, and should differentiate between central and peripheral causes (13,60).  Clinically, these disorders will all have specific findings consistent with the underlying pro�cess.  





	Psychogenic dizziness is a feeling of instability or faint�ness.  It is often seen as a manifestation of hysteria, deperson�alization, anxiety states, and depressive illness, and is promi�nent in panic attacks and hyperventilation.  An underlying psychiatric diagnosis should be sought with atypical vertigo (13,51).





	Cerebrovascular disorders and syncopal events can lead to complaints of vertigo.  In these cases, the history and physical assessment to ascertain the etiology are most important in determining the diagnosis and prognosis.





Cerebellar lesions are usually large before their manifesta�tions are noted.  When they do present, one finds ataxia and abnormal cerebellar testing as the hallmark.  Brain stem lesions may cause acute vertigo, as in the case of a medullary infarction or vertebrobasilar insufficiency.  In these cases, there are associated anomalies of brain stem function, such as pyramidal dysfunction (13,51).  Peripheral causes are discussed in the chapter on otolaryngology.
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TABLE 11-1.  CAUSES OF VERTIGO





A.  SUDDEN EPISODIC DIZZINESS





Vertiginous Disorders





      Peripheral                            				Central





Benign positional vertigo              			Cerebrovascular disease


Acute peripheral vestibulopathy       			Multiple sclerosis


Recurrent peripheral vestibulopathy    		Brain stem migraines     


Meniere's disorder                     			Neoplasms


Alternobaric vertigo                   			Head injury


Hyperactive labyrinths                 			CNS infections


                                       				Temporal epilepsy





Other Causes





Hyperventilation syndrome


Airsickness


Syncopal events:


	Orthostatic hypotension


	Cardiac arrhythmias


	Hypersensitive carotid sinus


	Vasovagal syncope


	Hypoglycemia


Psychiatric disorders (panic states)











B.  DISORDERS OF CHRONIC DISEQUILIBRIUM





Vestibular:  Nonfunctioning labyrinths and vestibular imbalance





Multisensory dizziness





Central disorders:  


	Frontal lobe disease (Alzheimer's, strokes)


	Cerebellar ataxia


	Extrapyramidal disorders


	Congenital nystagmus with oscillopsia





Drug effects 


�
	


	Airsickness is the occurrence of motion sickness while subjected to the flying environment.  In this context, it amounts to one of the stresses of flight.  Its mechanism is through the abnormal stimulation of the motion sensory mechanisms ex�plained above.  As such, it is normal to expect, but once one is suffi�ciently exposed to the aeromedical environment, it usually subsides (i.e., adaptation).  Otherwise, it is defined as a syndrome of maladaptation to motion encountered during flight.  Air Training Command data reveals that it occurs in 15-50 percent of military pilot trainees.  However, the disqualification rate is only 2-3 percent, mostly due to airsickness in aircrew who do not adapt (12).  





	Aeromedical disposition of patients with vertigo must consider that some conditions, such as some peripheral causes of vertigo and permanently resolved airsickness, may not be recur�rent.  Conditions that are predictably recurrent (such as Meniere's disease) and central lesions should lead to disqualifi�cation.  It is imperative that one realize that disorders of equilibrium may interfere with the capacity of aircrew members to control the aircraft, either through abrupt onset or recurrence, or through a continuous state of disequilibrium.  Therefore, aircrew should not be allowed to continue flying duties during the course of a vertiginous disease (12,13,43).
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