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DRUGS AND THE FLIER


Frederick W. Rudge, MD, MPH











INTRODUCTION





	The flight surgeon is the responsible for seeing that no aircrew or missile crew member performs crew duty while under the influence of any medication that might impair physical or mental ability.  In addition, the flight surgeon must always consider the significance of the underlying medical condition and the effects of any required medication or other medical treatment on the physiological state of the crewmember.  The flight surgeon is also responsible for indoctrinating all crewmembers with respect to the use of drugs, particularly stressing the potential dangers of self-diagnosis and self-medication.  The flight surgeon must keep well informed on the most commonly used drugs and their adverse reactions, and the flight surgeon must educate other health care providers about the demanding environments of aircrew and missile operations, including the reasons why the use of many drugs in this population is prohibited or restricted. 











ADVERSE REACTIONS OF PRESCRIPTION DRUGS





	While managing aerospace medicine patients, the flight surgeon must always consider the significance of the underlying condition and the effects of any required medication or other treatment.  If medication must be used to treat the illness, normally the crewmember will be restricted from performing flight or missile duties.  Exceptions to this rule are discussed below.  Air Force Instruction 48-123 addresses this issue.  The Air Force regulations are also supplemented by the major air commands(MAJCOM).  


 


	All drugs possess the potential to cause adverse drug reactions in addition to their primary therapeutic effect.  An adverse drug reaction is defined as "any response to a drug that is noxious and unintended and that occurs at doses used in humans for prophylaxis, diagnosis or therapy of disease, or for the modification of physiological function."  Adverse drug reactions depend upon a number of factors such as the patient's age, sex, underlying medical condition, coexistent but unrelated medical or surgical conditions, the dose of drug given, the drug formulation, and the presence of other drugs in the body.	





	Some adverse drug reactions are predictable.  Predictable reactions are those pharmacological effects that are likely to be experienced by almost all patients when normal therapeutic doses are given.  An example is the blurring of near vision, loss of accommodation, and dilation of the pupil that occurs with atropine or other anticholinergics.  Toxic drug reactions are also predictable in that they result from an exaggeration of a drug's pharmacological effects.  Acute toxicity exists when the drug's effect places the patient in significant distress shortly after introduction of the drug into the body.  An example would be aspirin overdose.  Subacute toxicity results from frequent repeated doses to a drug over a period of time which, if given as a single dose, would be insufficient to produce the undesirable side effect.  In aviation, the crop duster who sprays anticholinesterase insecticides without adequate protection could receive a subacute dose over a period of hours and become symptomatic.  Chronic toxicity results from repeated exposure to small doses of a drug that produces small but irreversible amounts of damage that gradually accumulate over time.  Repeated exposure to proprietary analgesic mixtures that contain phenacetin can produce irreversible kidney damage if the exposure is continued for a long enough time.





	Unpredictable drug reactions are much more complicated, have a greater number of causes, and are difficult to classify.  Probably the most common unpredictable drug reactions result from hypersensitivity reactions.  These occur when an individual has been previously exposed to a drug and subsequently develops an allergic response upon re-exposure to that drug or a similar drug.  Hypersensitivity reaction symptoms range from mild rashes, fever and urticaria all the way to life- threatening anaphylactic shock or a Stevens-Johnson syndrome.  Idiosyncratic reactions are rare, probably genetically determined adverse reactions that might be life threatening to an individual exposed to normal doses of the drug.  An example of an idiosyncratic reaction is malignant hyperthermia occurring after exposure to halothane gas during anesthesia.





	Because the population of military personnel is basically a young, healthy population and requires relatively few drugs, the flight surgeon could become overly complacent when it comes time to prescribe a drug.  The flight surgeon should have a mental checklist that is reviewed before a drug is prescribed.  First, will the condition for which the drug is prescribed prevent the performance of duties?  Second, how will this drug interfere with or change normal bodily functions such as the pulse, blood pressure, temperature, higher cortical functions, special senses, respiration and oxygenation, GI functions, and musculoskeletal system?  Third, how will it affect this patient's response to the aviation environment such as "G" stresses, heat, dehydration, hypoxia, barometric pressure changes, and egress/survival chances if the need arises?  Fourth, what is the risk of incapacitation?  Is it sudden or insidious?  Even with adequate ground testing of a drug in a crewmember, the flight surgeon should remember that changes in the crewmember's environment, a minor intercurrent illness, or a host of other uncontrollable factors could change the situation into a potentially hazardous one at anytime.  The flight surgeon must remain alert to these possibilities and be prepared to re- evaluate the patient at any time.





     The following section will briefly discuss various classes of commonly used drugs and their adverse reactions, particularly as they might occur in the aerospace medicine environment.    


�



Antibiotics





     The condition for which the antibiotic is being prescribed is likely to prevent the crewmember from performing duty.  The following adverse reactions may also occur:





     The sulfonamides, either alone or in combination with other drugs such as trimethoprim (Bactrim, Septra) are commonly used.  The overall incidence of adverse reactions is about 5%.  Drug fever, nausea, vomiting and anorexia are among the more common reactions.  Of greater concern, however, are the dermal reactions ranging from a variety of rashes up to various forms of photosensitivity, exfoliative dermatitis, and Stevens-Johnson syndrome, and the hematopoietic system effects ranging from rare cases of aplastic anemia to the more common acute hemolytic anemias seen in those patients with G-6-PD deficiency.  Other uncommon reactions include decreased depth perception and accentuation of phorias.





     Penicillins.  The only significant adverse reactions of the penicillins are of the hypersensitivity type.  These reactions range from a high of about 5% for procaine penicillin G to a low of under 0.5% for benzathine penicillin with intermediate rates for aqueous forms of penicillin.  The reactions can range from fever and rashes through anaphylaxis. 





     Aminoglycosides.  An adverse reaction of treatment with aminoglycoside antibiotics is the potential for damage to the vestibular and cochlear branches of the eighth cranial nerve.  Functional integrity of this nerve should be checked after full recovery from the original illness is complete.





     Antifugals.  Of the oral antifungal drugs, griseofulvin would most likely be used by a flight surgeon.  The only significant acute reactions are related to hypersensitivity reactions or to reactions occurring in a person with one of the porphyrias.  Other reactions are usually of an insidious nature and can include peripheral neuritis, confusion, impaired performance, vertigo, blurred vision, or fatigue. (Ed note: see antihistamines.)





     Tetracyclines.  The adverse reactions of the tetracyclines are usually caused by hypersensitivity reactions, toxic effects on the skin, blood, GI tract or kidney, and metabolic effects such as weight loss and negative nitrogen balance.  Many of these reactions are dose-related and are not usually seen in low doses.





     Isoniazid is the only antituberculosis drug that is routinely used by the flight surgeon and only for the prophylaxis of tuberculosis.  When given as prophylaxis at the recommended dosage, the incidence of all adverse reactions is around 1%.  





     Spectinomycin is used in the treatment of gonorrhea.  The adverse reactions that have been reported are relatively minor and include local tenderness at the injection site, chills, fever, nausea, or dizziness.





     Cefoxitin is also used in the treatment of gonorrhea.  Like other cephalosporins, the major adverse reactions are hypersensitivity reactions and possible cross reactions in persons allergic to the penicillins.





Antimalarials 





     Chloroquine is the mainstay of malaria prophylaxis, suppression and treatment except in those areas of the world that have developed strains of falciparum malaria resistant to chloroquine.  At the recommended dosage, it is relatively free of many side effects, even with use over a prolonged period of time.  The most commonly observed side effects are pruritus, gastrointestinal upset, and mild headaches.  Toxic manifestations due to overdosage included headaches, drowsiness, visual disturbances, cardiovascular collapse, and convulsions and usually occur within 30 minutes to 3 hours after drug ingestion.





     Primaquine, an 8-aminoquinolone, is used for treatment of the exoerythrocytic forms of malaria, and can be used either alone as a "radical cure" after treatment or suppression with chloroquine, or combined with chloroquine into a "C-P" tablet.  In the usual doses, the drug is relatively free of side effects in most Caucasians, but in a small percentage of Blacks and certain ethnic groups with origins bordering the Mediterranean Sea who have G-6-PD deficiency, a significant hemolysis and met-hemoglobinemia can occur at doses of 20 mg of base.





     Pyrimethamine, an 8-aminoquinolone and folic acid antagonist related to trimethoprim, has a greater effect on protozoal cells as compared to bacterial or mammalian cells.  When combined with a sulfonamide like sulfodoxine (Fansidar), it can be used to treat acute attacks of chloroquine-resistant malaria by producing a sequential blockade of protozoal folate metabolism.  A hemolytic anemia can occur in G-6-PD deficient patients, as well as a potential for megaloblastic anemia with prolonged, high doses and the potential for teratogenic effects if used in pregnancy.  





     Mefloquine, an analog of quinine, is used to treat mild to moderate infections of acute P.vivax and P.falciparum (including chloraquine resistant strains). It also has been used for prophylaxis against chloraquine resistant P.falciparum. It should never be used with actively flying aviators because of its pronounced side effects: dizziness or other disturbed sense of balance and neuropsychiatric changes (restlessness, anxiety, depression). 


  


Antihistamines and Decongestants





	Antihistamines are routinely used in the treatment of upper respiratory infections, and the number of antihistamines available to the public, either alone or in combination with other drugs, is quite large.  They are readily available over-the-counter and are quite likely to be inappropriately used.  The antihistamines derive from five related classes of chemicals with similar adverse reactions including atropinic and anticholinergic effects.  The most common and well-known adverse reactions include drowsiness, drying of mucous secretions, and gastrointestinal upset.  In addition, the central nervous system depressive effects are additive to those of other depressants including alcohol.  The mucous- drying effects would also aggravate the bronchial tree irritation caused by breathing 100% oxygen at altitude, and could increase the likelihood and severity of atelectasis in those crewmembers who fly high-performance aircraft and undergo repeated high-G stress while wearing an anti-G suit.  Non-sedating antihistamines, such as terfinadine, have been occasionally waivered for use in aviators by our sister services. (Ed. note: Terfinadine and similar antihistamines should never be used with macrolide antibiotics and azole antifungals, including erythromycin, clarithromycin, azithromycin, metronidazole, ketaconazole, fluconazole, miconazole, and itraconzole. They may cause cardiac arrest due to QT interval prolongation.)





	The topical nasal decongestants are sympathomimetic drugs possessing alpha-adrenergic activity.  Some, like epinephrine and ephedrine, possess beta-1 and beta-2 activity.  Their adverse reactions can be both local, producing burning, stinging, or dryness of the nasal mucosa, and systemic, such as sweating, palpitations, tachycardia, arrhythmias, hypertension, vertigo, dizziness, tremor, and blurred vision.    





Cardiovascular and Antihypertensive Drugs





	None of the many cardiovascular drugs currently available for the treatment of various cardiovascular diseases will ever likely be used in military aircrews because the condition requiring their use in itself is usually disqualifying for crew duty.





	For the treatment of hypertension, two thiazide diuretics and a potassium-sparing diuretic are approved for waiver due to long experience with these drugs.   The diuretics, chlorothiazide and hydrochlorothiazide, mainly express toxicity through the production of hypokalemia, hyperuricemia, and hyperglycemia.  The hypokalemia can be corrected by oral supplementation or by using triamterene in the form of Dyazide (, and the hyperuricemia can be controlled by a combination of adequate fluid intake and either probenecid or allopurinol.  The goal of the control of hyperuricemia would be to prevent uric acid nephropathy from developing as a complication of treatment and the dehydration which might occur in various mission profiles.  However, even using these relatively mild antihypertensive drugs can cause significant loss of G tolerance.





         The adverse reactions of probenecid are usually limited to mild gastrointestinal upset in about 2% of patients and an occasional hypersensitivity reaction.  With allopurinol it is possible to precipitate an acute attack of gout during the initial weeks of treatment.  Occasionally, some patients experience hypersensitivity reactions and gastrointestinal disturbances or vertigo, but these effects usually subside spontaneously without stopping therapy.





	Lisinopril, an ACE-inhibitor antihypertensive, is currently being tested for inclusion to the list of approved antihypertensives.  All of the other currently available new antihypertensives have side effects considered to be unacceptable for aircrew duty, particularly in the newer fighter aircraft. 
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Ocular Drugs





	Glaucoma, particularly open angle glaucoma which makes up about 85% of all cases of glaucoma, can affect a small (<1%) but significant number of experienced aircrew members.  Because open angle glaucoma is an insidious but preventable cause of blindness, crewmembers who are identified as having preglaucoma or glaucoma must be observed and treated as necessary.  Because of the need to treat some of these experienced fliers, research into the various adverse reactions of the commonly used antiglaucoma drugs has allowed some of these drugs to be used in treating fliers with return to flying duty.





	Currently, the only drugs used which are compatible with a return to flying duty are topical epinephrine derivatives or timolol, a beta-blocker.  These drugs effectively reduce the intraocular pressures with no adverse cardiovascular effects nor significant impairment of distance visual acuity or night vision.





Antiemetics





	Motion sickness continues to be a relatively common problem in undergraduate flying training.  Assuming no organic reason for motion sickness is discovered and minor behavior modifications are not effective, the flight surgeon may prescribe an antiemetic to alleviate symptoms until the student can adapt to the aviation environment.





	The most effective single agent is scopolamine.  The CNS depressant effects of scopolamine are usually offset by adding a CNS stimulant such as dextroamphetamine or ephedrine.  Alternatively, an antihistamine, such as promethazine, can be used to provide the primary antimotion sickness effects.





	Because of the adverse reactions of these drugs, either alone or in combination, a primary crewmember should not be in sole control of an aircraft while taking these drugs, and the other pilot must be informed of the drug use by the student.  MAJCOM policies will direct the actual prescribing practices allowed.





Oral Contraceptives





	With the advent of an increasing number of women coming into all of the various military specialties, including those coming into the rated pilot force, more attention will have to be focused on the potential adverse reactions of oral contraceptives.  The current policy is to ground women starting birth control pills (BCP) for 30 days to detect significant side effects.





	There have been no significant reports of adverse reactions of these drugs in the female flying population, possibly because those women with absolute or relative contraindications to the use of BCPs would already be disqualified for flying training, the women are generally young, and many of them have already been on BCPs prior to the start of training and any adverse reactions they may have had have been resolved either by time or changing the product or dosage of estrogen.





	All BCPs cause significant changes in the body's endocrine status affecting metabolic control of electrolytes, blood pressure, glucose, the tendency for blood clotting and thromboembolic events, serum lipids, and a variety of mild GI and CNS effects, including depression which can occur in up to 15% of women.  In addition, the combination of BCPs and smoking can have a synergistic effect and greatly increase risk of cardiovascular and thromboembolic diseases.





Pyridostigmine bromide





	The Air Force has given approval for use of pyridostigmine bromide for pretreatment of all USAF personnel whenever required for chemical defense.  A single dose ground trial is required prior to operational use.  The Air Force has detailed an aircrew testing for tolerance to the pyridostigmine bromide program, which includes a symptoms checklist (adverse reactions).  The symptoms on this list are: headache, dizziness, giddiness and euphoria, faintness, numbness, tingling, hot and cold flashes, irregular breathing, irregular heart beat, blurred vision, increased tears, nausea, stomach awareness and discomfort, sweating, burping, increased gas, stomach cramps, increased saliva, cough, diarrhea, vomiting, muscle cramping or twitching, muscle incoordination, nose bleed, ringing in the ears, chills and shaking.  The reader is referred to their MAJCOM for details of their specific MAJCOM program.





MEDICATION USE IN AVIATORS





General





	AFI 48-123, Medical Examination and Medical Standards, is the primary source for the rules regarding medications which can be waivered for flying duties.





	As a general rule, the use of medications will usually require approval by the appropriate waiver authority.  Waiver action for any medication cannot be considered until control of the condition has been demonstrated and the absence of side effects has been determined and documented.





	Aircrew members are restricted from flying duties for at least 8 hours after receiving a local or regional (dental) anesthetic agent.  





	Aircrew members will not fly for at least 48 hours after receiving general, spinal, or epidural anesthesia.  Usually, the condition or the surgical procedure requiring anesthesia will further extend the grounding period.  Aircrew and individuals on the sensitive duty program are not cleared for a minimum of 3 weeks following the use of Ketamine.


�



Allowable medications without waiver





The following medications may be used without consultation or waiver action:


	a. Skin antiseptics, topical antifungals, one percent hydrocortisone cream, or benzoyl peroxide for either minor wounds or acute skin diseases which do not interfere with the performance of flying duties or wear of personnel equipment.


	b. Single doses of aspirin, acetaminophen, or ibuprofen to provide analgesia for minor self-limiting conditions.


	c. Antacids for mild isolated episodes of epigastric distress.


	d. Hemorrhoidal suppositories.


	e. Bismuth subsalicylate for mild afebrile cases of diarrhea.


	f. Oxymetazoline or phenylephrine nasal sprays may be used by aircrew as "get me downs" should unexpected ear or sinus block occur during flight.  These should not be used to treat symptoms of congestion existing prior to flight.





The following medications may be used without consultation or waiver once the potential for idiosyncratic reaction has been excluded:


	a. Isoniazid for prophylactic therapy of tuberculin converters who do not have active tuberculosis.  Minimum of 7 days ground trial needed.


	b. Oral contraceptives, implantable timed release progestin, estrogen alone or with progestin as replacement therapy.  Minimum of 28 days ground trial needed.  Changes in dosage or brand requires an additional 28 day observation period.


	c. Chloroquine phosphate, primaquine phosphate, or doxycycline for antimalarial prophylaxis.  Single dose ground trial is advised.


	d. Pyridostigmine for chemical warfare prophylaxis.  Single dose ground trial is needed.


	e. Antimotion sickness medications may be used by students in flying training programs provided certain requirements are met.  Usually, non-medical interventions (such as dietary modifications, keeping the eyes inside or outside the cockpit, keeping the cockpit as cool as possible, or using 100% oxygen) are tried first.  If unsuccessful, antimotion sickness medications may be used provided ground-testing is performed before use, the pilot in command is aware of the student's medication use, and medication use is restricted for a brief period of time.  Scopalamine alone or in combination with dextroamphetamine or ephedrine are the medications used.  Failure to adapt to flying after a brief course of such therapy will usually result in elimination from the flying training program.


	f. Doxycycline (100 mg) administered twice a day for 5 days may be used to treat mild diarrhea.  Doxycycline may also be used for prophylaxis against diarrhea in deployed personnel, with the total period of use not to exceed two weeks.	


	g. Topical antibiotics for control of acne.


	h. Topical tretinoin for control of acne so long as local irritation does not interfere with wear of life-support equipment.


	i. Topical acyclovir.


	j. Completion of a course of oral penicillin, oxacillin, dicloxacillin, erythromicin, sulfamethoxazole-trimethoprim, tetracycline, ampicillin, doxycycline, or cephalexin, once the acute infectious process is asymptomatic.


	k. Vaginal creams or suppositories for treatment of vaginitis once asymptomatic.


	l. Temazepam, if such use is essential for the safe execution of an operational mission and only after MAJCOM coordination and approval.  Single dose ground trial is required.


	m. Immunobiologics.(Ed note: due to local reactions, myalgias, and malaise occasionally accompanying injectable vaccines, it is still preferable to administer these on non-flying days).


	n. Nicorette or transdermal nicotine.  Minimum of 72 hours ground trial required.


	o. Resin binding agents such as cholestyramine for control of hyperlipidemia.





Medications requiring waiver





	Any condition that requires maintenance medication must be evaluated according to the following rules and a waiver request must be initiated and approved by the appropriate waiver authority.  Waiver action for any medication cannot be considered until control of the condition has been demonstrated and the absence of side effects has been determined and documented.


The following list of medications for conditions may be waived by the MAJCOM surgeon:


     	a. Chlorothiazide or hydrochlorothiazide for control of hypertension.  


          	b. Triamterene for control of hypertension.  


          	c. Probenecid for treatment of gout or hyperuricemia.  


          	d. Allopurinol for treatment of gout or hyperuricemia.  


          	e. Combination therapy of  thiazide with triamterine, probenecid, allopurinol, or oral potassium supplements.


       	f. Epinephrine derivatives without added action agents, or beta blockers  (timolol), both for topical use only,  for control of glaucoma.  


          	g. Synthroid or dessicated thyroid United States Pharmacopeia (USP) for treatment of thyroid hypofunction or for thyroid suppression.  


          	h. Tetracycline, erythromicin, doxycycline in standard doses for acne management.  


          	i. Folic acid in the treatment of sprue.  


          	j. Sucralfate (one gram once daily) for prevention of recurrent, uncomplicated duodenal ulcers.  Minimum of 7 days observation required.


          	k. Topical flunisolide or beclomethasone or cromolyn nasal spray for control of mild to moderate allergic rhinitis, nonallergic rhinitis, or vasomotor rhinitis.  Observation for control of rhinitis (usually 7 to 14 days) is required.


           	l. Ranitidine may be considered for categorical IIA waiver by HQ AFMOA/SGPA.


	m. Griseofulvin for treatment of fungal infections may be granted a one year non-renewable waiver after a 4-week ground trial.


	n. Clomiphene citrate for treatment of infertility.


	o. Lovastatin and Gemfibrozil may be considered for categorical IIA waiver, by HQ AFMOA/SGPA.





     The use of other medications singly or in combination requires review by HQ AFMOA/SGPA, Bolling AFB DC 20332-6188.
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Self-Medication





	Aircrew self-medication is prohibited.  Self-medication and the unauthorized use of medications by flying personnel is a recurring problem.  The number of medications available "over- the-counter" are large and continue to increase in number and kind.  The flight surgeon should brief crewmembers annually on the dangers and risks involved in self-medication.











DRUGS OF ABUSE





     Caffeine, tobacco, and alcohol are the legal drugs most abused in American society.  Illegal drugs of abuse, such as marijuana and cocaine, will not be considered.





Caffeine


     Caffeine, present in coffee, cola drinks and chocolate, is considered to be habituating at a level of 10 mg/kg per day.  Since one 8-ounce cup of coffee contains approximately 100 mg of caffeine, somewhere between 6 to 10 cups of coffee per day would produce this level.  Although caffeine has been cleared of an association with initial myocardial infarcts, its stimulant effects on the CNS are of concern mainly during a temporary withdrawal from caffeine, as might result during a deployment, and the resulting production of restlessness and disturbed sleep could add unnecessary burdens to an already fatigued crew.  In addition, caffeine is a known diuretic, and it can sensitize the myocardium to the development of arrhythmias.  Neither of these side effects is desirable, particularly in pilots of high performance aircraft.





Tobacco


     For tobacco, there are two effects to be considered.  First, smokers tend to have a higher level of carboxyhemoglobin, depending upon how many cigarettes they smoke per day (three cigarettes can raise the carboxyhemoglobin level to 4%).  Although these levels are generally asymptomatic,  tolerance to hypoxia, diminished night vision capability, and impaired cognitive ability may occur.  Also, crewmembers who are smokers, when using 100% oxygen and undergoing significant "G" exposure, experience a much larger loss of lung vital capacity and for a longer time than non-smokers.





     Cessation of smoking is the goal for all crewmembers who smoke.  For those crewmembers who choose to use nicotine gum (Nicorette) or transdermal nicotine as part of a smoking-cessation program, the following procedure should be followed:


          a. The crewmember will see the flight surgeon and be strongly encouraged to enter a formal smoking cessation program.


          b. Crewmembers beginning nicotine gum or transdermal nicotine will be placed in a DNIF status for 72 hours to allow for observation of adverse reactions from either cigarette withdrawal or the nicotine gum.


          c. Crewmembers may be returned to flying duties after 72 hours if no adverse effects are noted.


          d. Any effects that may impact on flying safety, such as nervousness, mental performance decrement, or nausea, will be cause for immediate grounding and reassessment of therapy. 





Alcohol


     The role of alcohol in fatal auto and aircraft accidents is well-known to flight surgeons.  Briefly, alcohol can produce subtle effects on the perception and performance abilities of the pilot, significantly reduce "G" and hypoxia tolerance, reduce reaction time, decrease visual fixation and enhance susceptibility to spatial disorientation.  Most importantly, there is no known threshold level for these effects, even down to blood alcohol levels of 20 mg% (equivalent to drinking one beer), and that any compensation a pilot uses to overcome these effects is the result of developing a priority ranking by sacrificing attention to secondary tasks with the resulting increase in errors in performing these secondary tasks.














CONCLUSION





     The flight surgeon has an important and difficult task in prescribing and monitoring the use of medications by fliers.  Skill in this aspect of aerospace medicine will permit the flier to safely perform flight duties without the additional hazards of adverse drug reactions.  The flight surgeon's educational and motivational skills regarding drugs of abuse and self-medication are important in preventing accidents.


�
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