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This Short Course is 21 hours in length of which 8 hours involves direct audience participation. 
The Course content is based upon the available data in asymptomatic aviator populations. The 
major thrust of the Course is directed toward aeromedical decision making based upon actual data 
from groups of aviators. Major clinical aerospace medical problems such as arrhythmias, coronary 
disease, valvular disease, hypertension, bronchiopulmonary disease and risk factors are addressed. 

As major emphasis is placed on decision making, the classical technique of case presentation and 
discussion is employed. Early in the Course, the lecturers present the data and its interpretation 
with the aeromedical disposition supplied by the Course attendees. This case method is felt to be 
essential since aeromedical disposition will vary among different countries evei. for identical data. 
Tue varying \ iewpemts regarding aeromedical disposition is believed to be an educational stimulus 
both for Course att .ndees and lecturers. Later in the Course, attendees are presented only raw data 
from which they will derive both diagnosis and discussion. 

One shortcoming of most medical courses is inadequate time for physicians and other health 
professionals to actually discuss interesting cases in-depth, in the presence of expenenced aerospace 
medical specialists. A wealth of interesting cases needs to be shared. On the Final day of the Course, 
attendees are asked to prepare in advance their most difficult and perplexing aeromedical cases for 
presentation and discussion. 



PREFACE 

^ This Short Course is 21 hours in length of which N hours involves direct audience participation. The Course content is 

based upon the available data in asymptomatic aviator populations. The major thrust of the Course is directed toward 

aeromedical decision making based upon actual data from groups of aviators. Major clinical aerospace medical oroblems 

such as arrhythmias, coronary disease, valvular disease, hypertension, bronchiopu'monary disease and nsk factors are 

addressed. 

As major emphasis is placed on decision making, the classical technique of case presentation and discussion is 

employed. Earlv in the Course, the lecturers present the data and its interpretation with the aeromedical disposition supplied 

bv the Course attendees. This case method is felt to be essential since aeromedical disposition will vary among dilferent 

countries even for identical data. The varying viewpoints regarding aeromedical disposition is believed to be an educational 

stimulus both for Course attendees and lecturers. Later in the Course, attendees are presented only raw data from which they 

will derive both diagnosis and discussion. 

One shortcoming of most medical courses is inadequate time for physicians and other health professionals io actually 

discuss interesting cases in-depth, in the presence of expenenced aerospace medical specialists. A wealth of interesting cases 

needs to be shared. On the final dav of the Course, attendees are asked to prepare in advance their most difficult and 

perplexing aeromedical cases for presentation and discussion. 

Colonel James R.H1CKMAN. Jr. 

Course Director 
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»EROMEDICAL EVALUATION AND DISPOSITION OF 
ELECTROCARDIOGRAPHIC ABNORMALITIES 

By 
Hl 11 lam B. Kruyer, Lt Col, USAF, MC, FS 

USAF School of Aerospace Medicine 
Brooks Air Force Base, !• xaa 7nC3B-B301 

INTRODUCTION 

In this section, electrocardiographic abnormalities In aviators will be discussed regarding their 
aeromedlcal significance, evaluation and disposition. Standard textbooks discuss the significance of 
electrocardiographic abnormalities based on studies of clinical populations. The United States Air Force 
School of Aerospace Medicine (USAFSAM) crlterls are derived primarily from the observation of electro¬ 
cardiographic findings in its own healthy avia .or population and the natural history of abnormal findings 
In that same population. The USAF Central Electrocardiographic Library was established In 1957 to serve as 
a reposlto v of all electrocardiograms on Air Force aviators, to perform analysis on the collected electro 
cardiographie data and to provide consultation to the Medical Corps and Surgeon General on electrocardio¬ 
graphic problems. The Library currently has approximately 1.4 million electrocardiograms of past and 
present active duty Air .-orce aviators on file. This central repository allows a very important serial 
followup comparison of electrocardiograms on aviators. A serial change on an electrocardiogram over time 
may be much more significant than a nonspecific finding on an Isolated tracing. Past review of all initial 
electrocardiograms in the Library has revealed that 83* are normal and 17* are abnormal'. Ten percent of 
the normal electrocardiograms have been classified as normal variants'. The major normal variants and 
abnormalities are discussed. 

Sinus Bradycardia 

Standard textbooks define sinus bradycardia as a sinus rhythm with a heart rate less than 60 beats per 
minute . As a group, aviators are relatively young and healthy with good physical conditioning. Sinus 
bradycardia has therefore been defined aeromedlcaliy as less than 50 Beats per minute. This avoids the 
logistic problem of screening large numbers of healthy, young pvlators with resting heart rates of 50 to 
60 beats per minute on an electrocard.ogram. Sinus bradycardia often occurs In the elderly and also In 
healthy young, athletic Individuals. It Is a frequent finding In the military ablator, occurring In 9.4* 
of all aviators and In 11.4* of those under the age of 30^. However, one cannot presume safely that sinus 
bradycardia Is due to conditioning; an exercise history and comparison to old tracings are very important 
Sinus bradycardia as a serial change may be a pathologic finding, especially In a nonexerciser, and sug¬ 
gests the presence of sinus node dysfunction. A USAFSAM study of 38 Individuals with new sinus brady¬ 
cardia revealed that 20* rarely exercised and 401 had an Inadequate heart rate response to intravenous 
atropine-1. 

The evaluation of sinus bradycardia Includes comparison to old tracings and recording of an exercise 
history. If the sinus bradycardia Is a new finding and Is not accounted for by the Individual's exercise 
program, then treadmill stress testing and ambulatory electrocardiographic recordings should be performed. 
If the heart rate response to exercise and dally activities Is Inadequate, then 0.02 mg/kg intravenous 
atropine snould Be administered. An appropriate response to atropine 13 a doubling of the heart rate or an 
Increase of the neart rate to greater than lOO beats per minute. If tie response Is abnormal, then elec- 
trophyslologlc testing to assess the function of the sinus node "bould be considered. Sinus bradycardia 
which responds appropriately to activity or atropine is a normal variant, and acceptable for flying training 
and all classes of flying duties. Sinus bradycardia due to sinus node dysfunction Is disqualifying for 
both flying training and all classes of flying duties. 

Sinus Tachycardia 

Sinus tachycardia Is classically and aeromedlcaliy defined as a sinus rhythm with a heart rate greater 
than 100 Beats per minute^. An analysis of over 100,000 Initial electrocardiograms by 1..33 and Lamb'4 
revealed sinus tachycardia In aviators to Be most frequent in the 16 to 24-year old group. They felt that 
the decreasing Incidence of sinus tachyca-dla during routine flight examinations with age was related to 
decreased apprehension regarding the physical examination. Sinus tachycardia may also be related to the 
use of tobacco products, alcohol, caffelnated beverages and over-the-counter cold preparations. Repeat 
determinations of heart rate snould be performed In a relaxed setting and off all such cardiac stimulants. 
If the sinus tachycardia Is persistent, an evaluation should be performed to exclude hyperadrenerglc 
states hyperthyroidism, and other underlying causes of sinus tachycardia. Sinus tachycardia as a normal, 
physiolyglc finding Is acceptable for flying training ar.d uutles, but sinus tachycardia due to an under¬ 
lying i» tabollc or disease process Is disqualifying due to the underlying problem. 

Flrst Degree Atrloven' rlcular Block 

First degree atrlovercrlcular (AV) block Is classically defined as a PR Interval greater than 0.20 
second during sinus rhythm with every sinus P wave conducted to the ventricles and a constant PR Inter¬ 
val . Using this classic criteria. Hiss and Lamb found an incidence of first degree AV block on Initial 
electrocardiograms of 0.7*. Because the PR Interval lengthens with decreasing heart rate and sinus brady¬ 
cardia Is a frequent, normal variant finding In aviators, first degree AV block naa been more recently 
defined aeromedlcaliy as a PR Interval greater than or equal to 0.22 second. It Is a frequent, normal 
varían, finding In the aviator population In association with sinus bradycardia and increased resting vagal 
tone dts to physical conditioning. Other situations associated with fi-st degree AV block include agj 
(without evidence of other disease), myocarditis, myocardial Infar.-tlo , digitalis effect, acute rheim. tlc 
(ever, therapy with qulnldln« or procalnamli -. hyperkalemia and ureml .. 

The aeromedlcal evaluation of first degree AV block Includes assessment of the Individual's exercise 
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proKraa and assess.wnt by «lactrocardlograpny of the reapons» of tha PR Interval to an Increaaed heart 

rate. TMt aay be done by recording an electrocardiogram following brief running In place or by other 

maneuvera, auch aa treadmill atreaa teaUng, hyperventilation, orthoataala or Intravenoua atropine. In- 

creaalng the heart rate to approximately 100 beata per minute la aatlafactory for thla aaaeaament. If the 

PR Interval ahortena and becomea normal with an Increaaed heart rate, the flrat degrje »V block la then 

conaldered a norow 1 variant due probably to a high degree of reatlng vagal tone. If It loea not ahorten 

and become normal. It la dlaqual1 Tying for flying dutlea and flying training, unleaa and until further 

atudlea are performed to evaluate the foaalblllty of underlying conduction ayatem dlaeaae. 

Second Degree Atrioventricular Block 

Moblti I aecor.d degree AV block or Wenckebach phencmenoi occura within the AV node. The PR Interval of 

aucceaalve beata orogreaalvely lengthena until a P wave talla to conduct to the ventricle. The next P wave 

after the nonconducted beat haa a ahorter PR Interval due to recovery of conduction In the AV node during 

the pauae. The cycle of progreaalve PR Interval prolongation then repeata Itaelf. Thla la a nonapeclflc 

finding with a wide variety of etlologlea Including Infectlona, dlgltalla effect, treatment with qulnldlne 

or procainamide, uremia, electrolyte dlaturbancea, and Inferior myocardial Infarction. Mobitz I aecond 

degree AV block occurring at neat c during aleep, along with alnua bradycardia la also a normal variant 

due to a high degree of reail.'g vagal tone in healthy, eapeclally athletic. Individúala. It la not aur- 

prlalng, therefore, to find Wai.ckebach In hiolthy avlatora, particularly on a 2‘1-hour ambulatory electro¬ 

cardiographic recording. If no underlying proceaa exlata and examination revéala a normal, active and 

healthy Individual, then treadmill atreaa testing and ambulatory electrocardiographic recording should be 

performed. If no other conduction ayatem dlaturbancea are noted, heart rate reaponae to exerclae and 

activity la normal, and the Mcbltz I aecond deg-ee AV block reaolvea with Increaaed heart ratos, then It 

mav be considered a normal variant. As auch it la acceptable for flying training and all classes of flying 

duties. 

Mobitz II is an Infranodal lesion which la frequently associated with bundle branch block, especially 

the ^-m-■iatIon of right bundle branch block and left anterior heolblock. During alnua rhythm there la 

periu- --ally a nonconducted P wave without previous progressive prolorgatlon of fhe PR Interval. The PR 

Interval In the conducted beata la constant. Mobitz Type II la often a precursor of third degree 

AV block ar . an Indication of significant conduction system disease. Its presence may often be heralded 

by such henidynamlc symptoms as dizziness, syncope or the precipitation of congestive heart failure. 

Permanent acemaker Implantation Is öfter Indicated. Because of the significant ,’lsk of incapacitating 

hemodynamic symptoms, this entity Is disqualifying for all flying duties and flying training. 

Third Degree Atrioventricular Block 

In third degree AV block antegrade conduction b>tween the atria and ventricles Is completely blocked, 

and the atria and ventricles are activated Independently. This may occur as a oon;cnltal finding In the 

absence of other underlying cardiac disease, but wnen diagnosed In an adult It Is usually associated with 

underlying organic heart disease. Since syncrony of atrial and ventricular contraction Is lost, the 

Indlvlduau has decreased cardiac output and a decreased heart rate response to activity resulting In de¬ 

creased exercise tolerance and predilection for dizziness and loss of consciousness. Possible etiologies 

Include the toxic effects of various medications such as digitalis, myocardial Infarction, myocarditis, 

coronary artery disease, chronic degenerative changes In the conduction system, Infectious processes and 

electrolyte disturbances. It Is disqualifying for flying training and all classes of flying duties, due 

to its obvious significant aeromedlcal hazard. 

Axis Deviation 

Electrocardiographic criteria for right and left axis deviation vary between dlife-ent sources. Left 

axis deviation has been described as more negative than 0* In the 'rontal plane by some authors and aa more 

negative than -30* by others. Right axis deviation has been described as an axis in the frontal plane of 

greater than a value rar.-ing from 90* to 120V At USAFSAM right a-ls deviation Is defined as a mean QRS 

axis f 120° or more In tnu frontal plane and left axis deviation is defined as a mean QRS axis equa' to or 

more negative than -30* in the frontal plane. 

Hiss ? id 'uamb4 describe right axis deviation In 0.1* of Initial electrocardiograms. The Incidence was 

highest in young Individuals i-ged 15 to 29 years. Isolated right axis deviation In a healthy young 

Individual represents a persistent Juvenile pattern, a normal variant. In Individuals over U5 years o 

age right axis deviation as an Initial finding occurred only In those with known heart or pulmonary 

disease. A routine flight physical examination Includes a history, physical, screening blood work, routine 

electrocardiography and routine pulmonary function tests. Right axis deviation as an Initial finding with 

a normal flight physical examination Is considered a normal variant and therefore Is acceptable for Hying 

training and flying duf.es. Right axis deviation occurring as a serial change requires repeat electro¬ 

cardiography, ensuring -nat the patient Is supine and that all leads are properly positioned. If the right 

axis deviation Is stll. present, echocardiography and consultation with an Inturnlst or cardiologist are 

required. If underlvng cardiac or pulmonary disease are diagnosed, then the aeromedlcal disposition will 

be determined by the"underlyIng disease process. If no evidence of underlying cardiac or pulmonary disease 

Is found, then the right axis deviation Is acceptable for flying training and continued flying duties. 

Left axis deviation may be related to conduction systur ILsease, myocardial disease, coronary artery 

disease or obesity. A nonlnvaslvr evaluation Is required for left axis deviation presenting as an Initial 

finding or a señal change. Besides the routine flight physical examination, treadmill stress testing, 

echocardiography, and consultation with an Internist or oaralologlst Is required. If no underlying disease 

process is discovered, left axis deviation Is acceptable for flying t-alnlng or continued flying duties. 

Right Bundle Branch Block 

Right bundle branch block (RBBB)ls defined as a QRS interval of 0.12 second or wider with a wide S 

A 
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wava In the lateral limb and pre-.ordlal leads and a wide R or R* wave In V^. Possible sites of the con¬ 

duction delay,Include the His bundle, the right bundle branch, or the distal Purwlnje fibers. According to 

Hiss and bamb'4, 0.18t o* In'tlal electrocardiograms show complete right bundle branch block with an equal 

Incidence in all age groups. Acquired RBBB discovered on serial electrocardiography Is present In 

approximately 0.6Í of all aviators with a gradual Increased Incidence with age-^. Complete RBBB Is dis¬ 

qualifying for entry Into flying training, but may be walverable as a new, serial finding In a trained 

aviator In the past the discovery of complete RBBB In a trained aviator has required a complete nonlnva- 

slve evaluation at US*FSAM plus left heart catheterization and electrophyslologlc studies to exclude 

the presence of underlying coronary rrtery disease, cardiomyopathy and other conduction system disease. 

Previous studies performed and reported at USAFSAM showed the RBBB to be Intact with the block located 

dlstaily at the level of the Purkinje fibers beyond the moderator band'. Progressive conduction system 

disease was felt to therefore be unlikely and In fact, only one of 39*1 patients evaluated developed third 

degree AV block In a followup of over ten years0. RBBB was also found not to be a marker for either 

coronary artery disease or cardiomyopathy^. Therefore, RBBB block may now be waivered for all classes of 

flying duties If a nonlnvaslve evaluation at USAFSAM Is normal. The aviator with waivered simple RBBB 

returns for USAFSAM followup evaluation every three years. Cardiac catheterization and electrophyslo¬ 

loglc studies are only indicated for abnormal nonlnvaslve tests and RBBB comnllcated by hemiblock or 

other evidence of 'urther conduClon sys sm disease, such as first or second degree AV block. 

Of the 39¾ patients Initially studied at the School of Aerospace Medicine, 372 had complete evaluation 

including electrophyslologlc studies. Ninety-four percent had no disease, 3Í had coronary artery disease, 

21 had hypertensive cardiac disease and '1 had other abnormalities including abnormal His bundle studies. 

Greater than ten years of followup was obtained in 951 of the subjects. Six percent ultimately developed 

coronary artery disease or hypertension and less than 11 suffered cardiac death6. 

Studies such as this demonstrate the extreme Importance of a central location for evaluating 

asymptomatic abnormalÍties in aviators. Data collection and analysis on RBBB subjects allowed a signifi¬ 

cant evolution in the aeromedlcal disposition of acquired RBBB. Initially, RBBB was considered disquali¬ 

fying for flying duties. A study group was established that allowed RBBB to be waivered for continued 

flying duties If a full evaluation, Including cardiac catheterization and electrophyslologlc studies, was 

normal. Now It has been demonstrated that a normal nonlnvaslve evaluation Is sufficient to establish the 

safety of continued flying duties In a subject with acquired RBBB. Ti.ts process has ultimately saved many 

thousands of dollars In training expenses and many years of flying experience and has eliminated the 

necessity for unnecessary invasive procedures. 

Left Bundle Branch Block 

Left bundle branch block (LBBB) has a QRS Interval equal to or greater than 0.12 second with a broad 

and sometimes notched monophaslc R wave and loss of septal Q waves In the lateral leads and a wide QS 

complex In the anterior precordial leads . Of over 122,000 Initial electrocardiogram? analyzed by Hiss and 

Lamb , only 17 demonstrated LBBB. None of these subjects were less than 25 years old and It was a rare 

finding In subjects less than 35 years old. This occurrence of LBBB In the slightly older aviator popula¬ 

tion parallels the Increusl^g Incidence with age of coronary artery disease and hypertension and under¬ 

scores the greater aeromedlcal concern regarding LBBB conpared to RBBB. Acquired IBBB Is disqualifying for 

entry into pilot training but may be walverable for continued flying duties when discovered as a serial 

change In a trained aviator. In studies performed at USAFSAM, 77 LBBB subjects underwent nonlnvaslve 

evaluation plus cardiac catheterization and a subset of 33 of those subjects also had electrophyslologlc 

studies. Sixty-three subjects (821) had no coronary irtery disease, 3 subjects ('ll) had minimal coronary 

artery disease and 11 subjects (IR1) had significant coronary artery disease. Of the 63 subjects without 

coronary artery disease, 53 remained asymptomatic and unchanged on followup eva‘ 'irions. Two of the 63 

subjects had cardiomyopathy diagnosed during their Initial evaluation and thr« -afar developed cardio¬ 

myopathy. Four others experienced cardiac events. Including one subject tha' required a permanent pace¬ 

maker. One subject suffered a noncardiac death. Of the five subjects w!,, had or later developed cardio¬ 

myopathy associated with their LBBB, three remained asymptomatic during the followup period, one died of 

congestive heart failure and one died suddenly. Twenty-eight (85Ï) of the electrophyslologlc studies 

revealed no other conduction system abnormalities, while five (15Ï) did display other conduction system 

abnormalities, usually prolongation of conduction time from the His bundle to the ventricles. All of the 

subjects with a normal electrophyslologlc study remained asymptomatic during followup. Two of the five 

abnormal electrophyslologlc studies occurred In Individuals with associated cardiomyopathy. It has also 

been observed at USAFSAM that an Increased Incidence of abnormal thallium scintigraphy occurs In subjects 

with complete LBBB and normal coronary arteries at catheterization. With the observation that cardio¬ 

myopathy has developed In several of these subjects, this raises the question of a more diffuse process 

wh'ch affects both the myocardium and the conduction tissue. 

In summary, studies In the LBBB subjects have demonstrated an 18% incidence of some degree of measura¬ 

ble coronary artery disease, a 6.5Ï Incidence of Initial or later development of cardiomyopathy, and a 15% 

Incidence of further conduction system abnormalities on electrophyslologlc testing. Because of these 

considerations, all acquired LBBB In aviators Is referred to USAFSAM for a complete nonlnvaslve and In¬ 

vasive evaluation. Nonlnvaslve evaluation includes exercise stress testing, echocardiography, ambulatory 

electrocardiographic monitoring, rest and stress thallium scintigraphy, and rest and stress radionuclide 

angiography. Radionuclide angiography Is extremely Important to follow these subjects for the development 

or progression of cardiomyopathy. Invasive evaluation Includes left heart catheterization to define 

the coronary anatomy and assess resting left ventricular function and electrophyslologlc studies to assess 

the Integrity of the rest of the conduction system. If the evaluation reveals simple LBBB without any 

complicating features, waiver for all classes of continued flying duties is granted with followup evalua¬ 

tions performed at USAFSAM at three year Intervals. 

Supraventricular and Ventricular Ectopy 

Ae-omedlcal concern regarding supraventricular and ventricular ectopy Is a very difficult subject. Dn 

the one hand, ectopy Is very common In normal Individuals without underlying heart disease and does not 
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seem to paspóse to TOre complex arrhythmias Theae Indlvlduals^shoald^not 

coraproraiaed and should be identified with a m " u , b precuraor/subatrate for more complex tachy- 

«‘¿«wrsu r^r ssrs^rrisrs'rJsrssr* 
and threat of various types of ectopy mar not ^ Ls DOtentlal for Inc- 

larly high performance flight. The major aeromed.cal c°"c®^ r^r^^eC3UP/aventrlcular premature beats 
apacitatlng tachyarrhythmias during flight According to Hiss and 0/ur ln o.St of 

,u, occur 1. ‘sr. .s;»;:* "““îr^ucoc c«...... 
Initial electrocardiograms. SVPBs and vpbs initial normal electrocardiogram, the 
group, but VPBs are more common In the older age group. After an Inltlal^norma^ ^ vp03 progr.eS3lvely 

prevalence of SVPBs on fcllowup electrocard 3 . s over the age 0f 401. This Increased preva- 

Increases with age up to 40, then plateaus a * tth e of hypertension, coronary artery disease 
lence of VPBs with age parallels the Increased frequency with age of hypertens . ^ Certalnly 

and cardiomyorathy. This observation highlights the concern w 11 toierated in an 

tachyarrhythmias may cause Incapacitating /tate ang na pectoris or other Ischemic 
otherwise healthy subject. However a tachyarrhythmia may artery disease. At the 

syndromes when occurring in an individua w u ' pB d frequent ectopy with bigeminy, 

of a thorough evaluation. 

SVPBs are very common In apparently healthy populations with anhinclt,e"/°fuPc/f5efner/0rarcohol.30tne 

including over-the-counter preparations. Treadmill f^33/3/"8’ //3/0/1/ / a trained aviator 

testing may be performed If cUnlcaUy Indica e • evaluation reveals no evidence of tachyarrhythmias 

nî.r.rrss/sîyùr.uSou.uu.o.u.uu.u u»,,,, 

IPs, »... .u....» .» », <»;?t 
ing disease increases as the frequency o m<atahoiic states and like SVPBs, may be 

pathy, coronary artery disease, hypertension or a no™f uedications * VPBs usually do not herald 

precipitated or aggravated by arrhythmogenic ////////,////////- Ventricular ectopy on a 

underlying cardiac disease or future ^eveiopme ^ nhy3ical examination and a 24-hour ambulatory 
routine electrocardiogram warrants a car®fu‘ y ^cular ectopy may be evaluated locally with echo- 

eltctrooardiographic recording. Frequen , - results referred to USAFSAM for review and filing, 
cardiography and treadmill stress testing with , rinn at usaFSAM If evaluation 

Ven tr icuia.*y pair ing and multiformity require a Tor con- 

Unuedtrflytngn0duUese"r frequent ventricular ectopy. ventricular multiformity, and ventricular pairing 

may be granted. 

Supraventricular or ventricular ectopy occurring during stresses been ////////^ // //' 

dlctor of underlying organic heart disease. ® / tachyarrhythmias or underlying heart dis- 

r.!r ™: -- « - 
USAFSAM réévaluations for ectopy are performed every two or three years. 

Supraventricular Tachyarrhythmia 

Supraventricular ,a.»,.rrW.».L 1. a.™ “.“"irirîT::“;::«.*.: 5““i:"»Ù ZvJ'Z' 
greater t»,« »r equal to .0« o.at. per .l»u .. T» . inolude. .trlai^tae»,.^^ ltrUl 

undifferentiated supraventricular tachycardia, atrial lUtl tachyarrhythmia Is disqualifying for 

tachycardia. A history of even a single «P^ode of /rlouiar tachyarrhythmia Is dls- 

entry Into flying training. ///// / A 3lngle episode of nonsustalned or sustained supraventrl- 
qualifylng for all classes of flying /ties. 8 potentially waiverable depending on the results of 

cular tachyarrhythmia occurr.ng n a [ suoraventrlcular tachyarrhythmia that Is not 

a complete USAFSAM evaluation. Atrial flut /. ,th reauitant excessive ventricular rates 
waiverable; the risk of one-to-one ^rloventrlcular conduction with resultan/exce taotiyarrhythjiilai de. 

Is considered too great for waiver consider . 8 oardlac output with resultant dizziness or 

creased diastolic filling of the heart may ea . t un3U3pected coexisting subclinical coro- 

loss of consciousness, even in otherwise normal angina, myocardial 

nary artery disease, the tachyarrhythmia may prec pi oonaestlve heart failure or cardiovascular 

infarction, ventr,cular tachycardia, ventricular ////////////////n evtat/s Is the "holiday 
coll:pse. The most frequent and favorabie supraventrlcula hy / // combination of fatigue, 

heart syndrome". This usually occurs as //////////// ////,. t0bacco. Usually this tachy- 

/r/tLt^'s^n^-p-’d^ rot rlcur if "he avUtor aio/s suci, circumstances. 
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ôrrhythm'î and Identify whlcl- subsets may be considered safe fo.- continued flying duties. Recurrent supra- 
vt .trlcular tachyarrhythmia, defined as two or more episodes. Is still considered disqualifying for all 
classes of flying duties and waiver Is not recommended. If an aviator has a single episode of supravent¬ 
ricular tachy.-rrhytnmla without any hemodynamic symptoms, he Is disqualified from flying duties and Is ob¬ 
served for six months. During this time thyroid function tests are performed and three Holter monitors are 
obtained to rule out recurrent supraventricular tachyarrhythmia. If these studies are normal, then a 
complete evaluation at USAFSAM is performed. Previously, electrophyslologic testing was required for all 
such supraventricular arrhythmias, preceded by left heart catheterization If the aviator was over age 35 
or had significant coronary artery disease risk factors. A recent review was conducted of 85 elect, 'phy¬ 
siologic studies performed to evaluate supraventricular tachyarrhythmia. None of them disclosed evlde.-ce 
of sick sinus syndrume or an unsuspected bypass tract. Induction of supraventricular tachyarrhythmia with 
rapid atrial pacing or programmed atrial stimulation occurred only In some Individuals being evalua-ed for 
sustained supraventricular tachyarrhythmia; the electrophyslologic studies were always normal In Individuals 
being evaluated for nonsustalned supraventricular tachyarrhythmia. Consequently, electrophyslologic 
testing Is now performed only to evaluate single episodes of sustained supraventricular tachyarrhythmia. 
Left heart catheterization to define the coronary artery anatomy Is still performed as part of the evalua¬ 
tion If the Individual is greater than age 35 or has significant coronary artery disease risk factors. The 
risk of supraventricular tachycardia occurring In combination wl-h underlying coronary artery disease Is 
considered too great to rely only on current nonlnvaslve procedures to rule out coronary artery disease In 
this subset of aviators at risk. Nineteen percent of supraventricular tachyarrhythmia referrals have been 
disqualified due to coronary artery disease discovered at cardiac catheterization. A combination of supra¬ 
ventricular tachyarrhythmia and any degree of measurable coronary artery disease is disqualifying for 
flying duties and waiver Is not recomme id. 

A single episode of sustained or nonsustalned supraventricular tachyarrhythmia Is walverable for all 
classes of flying duties If (1) The USAFSAM nonlnvaslve evaluation is normal; (2) left heart catheter¬ 
ization, If Indicated, reveals normal coronary arteries and (3) electrophyslologic study, If Indicated, is 
normal. Nonlnvaslve réévaluation at USAFSAM is performed at two to three year intervals. 

Ventricular Tachycardia 

Ventricular tachycardia is three or more premature ventricular beats In a row at a rate greater than or 
equal to 100 beats per minute . During the period 1965 through 1978, ventricular tachycardia occurred 
during 0.5t of treadmills performed at USAFSAM . In 1978 a retrospective eight year study was performed of 
45 aviators with exercise Induced ventricular tachycardia8. Ten (22Í) later developed cardiac events 
including angina, myocardial infarction, and three deaths. The three deaths were in Individuals with 
amyloidosis, myocardial Infarction and mitral valve prolapse. Twenty of the 45 subjects had undergone 
left heart catheterization demonstrating normal coronary arteries In 16 and coronary artery disease in 
four. None of the subjects with normal coronary arteries had any cardiac events whereas all four of the 
subjects with documented coronary artery disease had events. The longest episode of ventricular tachy¬ 

cardia was seven beats. Warning arrhythmias occurred In 29 of the 45 subjects with exercise Induced 
ventricular tachycardia, but occurred with equal frequency In the two subgroups with and without sub¬ 
sequent cardiac events. Analysis of the data revealed no discriminators between the subsequent cardiac 
event group versus the nonevent group except the sta'us of coronary —tery disease at cardiac catheteriza¬ 
tion. Potential discriminators that were examined Included length o* '.“ntrlcular tachycardia, number of 
episodes of ventricular tachycardia, rate of ventricular tachycardia, configuration of the QRS complex, 

heart rate at onset of ventricular tachycardia, presence of ST segment abnormalities during the strass test 
and warning arrhythmias. Other nonlnvaslve tests such as 24 hour ambulatory electrocardiographic moni¬ 
toring and echocardiography also failed to discriminate between the «vent and nonevent groups. The 
exercise Induced ventricular tachycardia was nonsustalned, with the longest run being seven beats, and 
typically occurred as an Isolated event during late exercise or early recovery with a heart rate greater 
than 150 beats per minute. Most of the subjects did not have a substrate of frequent PVCs on their pre- 
exercise electrocardiogram or their 24 hour ambulatory electrocardiographic recording. 

Ventricular tachycardia remains disqualifying for entry Into flying training. However, based on the 
above data, a single episode of ventricular tachycardia may be walverable in a trained aviator af*-.r a 
complete evaluation at USAFSAM, It must be an Isolated episode of monomorphlc ventricular tachycardia of 
less than or equal to seven beats. A complete nonlnvaslve evaluation must reveal no evidence of underlying 
cardiac pathology, including coronary artery disease, cardiomyopathy, and valvular disease. Cardiac cath¬ 

eterization Is required for waiver consideration and there must be no measurable coronary artery lesions. 
If all these criteria are met, the aviator Is recommended a waiver for flying duties restricted to tankers/ 
transports/bombers. Nonlnvaslve réévaluation at USAFSAM Is required at one year intervals to continue the 
waiver. This policy was established In 1978 to apply only to exercise Induced ventricular tachycardia. 
Since that time 12 out of 31 aviators evaluated have been walvereu for restricted flying dut es. In 1981 
this policy with the Identical criteria and evaluation was extended to Include ventricular tachycardia 
occurring at rest. Since that time 8 of 28 aviators evaluated have been walvered for restricted flying 

duties. To this date, none of these aviators walvered ."or restricted flying duties has suffered a cardiac 
event. 

Atrial Abnormalities 

Atrial enlargement or hypertrophy diagnosed from a routine electrocardiogram 41s better described as 
atrial abnormality because correlation with atrial size and pressures Is not good. The aeromedlcal criteria 
for left and right atrial abnormalities are Identical to that of standard cardiology textbooks'. Left 

atrial abnormality criteria Include (1) Wide C3 mm or more) and notched P waves In leads I, II and aVL, 
and (2) a negative component of the P wave In leads VI or V2 measuring 1 mm or more In depth and width. 
Right atrial abnormality criteria Including (1) Peaked and tall (3 mm or more) P waves In leads II, III 

and aVF, and (2) less commonly a positive component of the P wave In lead V1 or V2 of 2 mm or more. When 
right or left atrial abnormalities are discovered as a serial or Initial finding on routine electrocar¬ 

diography, a consultation with an internist or cardiologist and echocardiograohy are recommended to rule out 
the presence of underlying organic heart disease. If this evaluation is normal, then the electrocardlo- 
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graphic rinding Is considered a normal varia t. and waiver Is not necessary for continued unrestricted 
flying duties. In our experience with the avia or population, a common underlying organic cause for left 
atrial abnormality Is early hypertensive disease and may occur prior to the standard QRST changes sugges¬ 
tive of ventricular hypertrophy. 

Left Ventricular Hypertrophy 

Stanlard electrocardiographic criteria for left ventricular hypertrophy are well established In the 
cardiology literature and Include a variety of voltage criteria plus left axis deviation, the delayed 
Int-lnsicold .nte-val and secondary lateral and Inferior T wave changes. Voltage criteria for left ventri¬ 
cular hypertrophy In the absence of other supporting alectrocardlographlc findings Is a very nonspecific 
discovery and Includes a large number of normal Individual:' without ventricular hypertrophy. Based on 
prior experience at the USAF Central Electrocardiographic -.brary, the following criteria have been 
utilized for screening electrocardiograms: The sum of the S wave In or V, plus the R wave In or Vc 

greater than 55 mm In Individuals under age 35 and greater than V5 mm In Individuals age 35 or older. If 
a trained aviator exceeds these voltage criteria or meets standard voltage and secondary criteria for left 
ventricular hypertrophy, M-mode and two-dimensional echocardiography should be performed. If good quality 
studies are obtained and rule out the presence of left ventricular hypertrophy, then further evaluation 
and waiver consideration aire not necessary. If the echocardiograms show definite or suspected left ven¬ 
tricular hypertrophy, then the aviator Is disqualified for further flying duties pending a USAFSAM 
evaluation. If that evaluation reveals underl"lng hypertensive or cardiac disease as a cause for left 
ventricular hypertrophy, the aviator Is perman :ntly disqualified from all flying duties. Such secondary 
left ventricular hypertrophy Implies hemodynam c significance of Lne underlying disease process. If 
no underlying disease process Is found to explain the left ventricular hypertrophy, then the Individual 
Is considered to have either athletic heart sy :drome or a concentric type of hypertrophic cardiomyopathy. 
A history of the aviators exercise program becon."« extremely important at this point. Frequent, regular 
exercise, particularly Isometric exercise, may cause compensatory left ventricular hypertrophy. This Is 
considered a normal physiologic variant and regresses quickly with discontinuation of the exercise. An 
aviator with unexplained left ventricular hypertrophy and a reasonable exercise program Is therefore dis¬ 
qualified from flying duties and advised to discontinue or severely restrict his exercise. Repeat 
echocardiography Is performed his local base three months later and reviewed at USAFSAM. If it shows re¬ 

gression or resolution of the left ventricular hypertrophy, the aviator returns to USAFSAM. If followup 
studies at USAFSAM confirm resolution of his left ventricular hypertrophy, he Is considered to have an 
athletic heart syndrome and Is returned to unrestricted flying duties. He may also resume any exercise 
program that he desires. If the left ventricular hypertrophy does not resolve during this observation 
period, the aviator Is considered to have hypertrophic cardiomyopathy and Is permanently disqualified 
from all flying duties. 

If an applicant for flying training has a suspicion of left ventricular hypertrophy on his screening 
electrocardiogram, he must obtain a similar evaluation through civilian medical sources. In other words, 
the burden of proof Is upon the applicant to exclude left ventricular h’pertrophy and to demonstrate his 
medical acceptance for flying training. 

Right Ventricular Hypertrophy 

Right ventricular hypertrophy Is also an electrocardiographic diagnosis associated with a lack of 
specificity, especially If there are no repolarlzatlon changes. Aercmedlcal criteria are Identical to that 

of classic cardiology textbooks. Increased anterior forces are seen in right ventricular hypertrophy, 
posterior wall infarction, nonspecific conduction disturbances and as an unexplained phenomenon In the 
absence of apparent underlying disease. When right ventricular hypertrophy Is discovered as a serial 
change In a trained aviator, a clinical evaluation Including echocardiography Is necessary similar to that 
of left ventricular hypertrophy. If right ventricular hypertrophy Is found, It Is disqualifying for all 
flying duties and a complete evaluation Is warranted. The School of Aerospace Medicine has not encountered 
a case of right ventricular hypertrophy without an underlying cardiac or pulmonarv cause. 

Nonspecific ST Segment and T Wave Changes 

Hiss and Lamb^ reported that 1.2Í of Initial electrocardiograms In aviators demonstrated nonspecific T 
wave changes: they did not address the Incidence of nonspecific ST segment changes. After a normal Initial 
electrocardiogram, the prevalence of nonspecific ST and T wave changes In aviators Increases with age to 
32Í by age 50-5^ years-^. In an asymptomatic, healthy population serial nonspecific ST and T wave changes 

are the most significant and underscore the Importance of a central repository such as the USAF Central 
Electrocardiographic Library. Such serial changes double the predictive value of a screening treadmill 
exercise test for coronary artery disease^. If a routine resting electrocardiogram shows nonspecific ST 
segment or T wave changes, a repeat fasting supine electrocardiogram should be performed. Lamb’ reported 
on 226 individuals with nonspecific T wave changes and In one-half of the subjects the T waves became 
normal with a rep«. ^ fasting electrocardiogram. If a second repeat electrocardiogram was performed after 

loading with 100 grams of glucose, the nonspecific T wave changes reappeared. Nonspecific changes may 
occur with the nonfasting state, standing, respiratory variation, obesity, hyperventilation and anxletv. 
They have alsc been reported due to vagatonla10 and may therefore normalize with exercise or atropine. 
If repeat electrocardlograpny does not demonstrate lability of the ST segment/T wave changes, then a 
maximum treadmill stress test should be performed at the local base and the original tracings referred 
to the USAF Central Electrocardiographic Library. If the treadmill test Is normal, then the evaluation 
Is terminated and no further action taken. If the treadmill test Is abnormal In any way (usually border¬ 
line or abnormal ST segment response), then the aviator Is disqualified from flying duties and referred to 
USAFSAM 'or a complete evaluation to exclude the presence of coronary artery or other organic heart dis¬ 

ease. 

Q Waves 

Abnormal Q waves are 0.0¾ second or greater In duration with a depth equal to or greater than l/^th to 
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1/3rd of the height of the accompanying R wave DefinifPiv n ,., 
prior myocardial Infarction, particularly when'orcurrin» « ^ waves . uggest the presence of a 
to definitely exclude or irake^he diagnosis of myocarrt?fi ? r ne“ r,ndln«- anc require further evaluation 
disqualifying 'or all classes of flying duties h» r " arotlon‘ Myocardial Infarction is permanently 

demonstrate them to te a labile, respiratory event lio furtherP * lnsolratl:)n and expiration may 

ful^USAFSWi'evaluatlo^l^uarrantedf6 Q^s'r^oo^R^av “«^-^^^^«-P^^'lbrari'tíeñ a 

suggest possible anterior wall damage and require a reoeaWastInf6!31?" ^ a?6 anterlor Precor<1lal -eads 

Short PR Syndromes 

:tr::r;:;or *.;hr :■ Tr^ ^ ““ - 

==~H=E~S5™^=SSH=r 

walverable if there are no tachyarrhythmias or other dísquaníytnrcardurdefec^f^en^he^'^tt311" 
Is discovered In a fully trained aviator, oe ,1 B cardiac delects. When the WPW pattern 

individual demonstrating no ro le^“i^ Lh ^uTln thTnit^ ? °f eXPerlen0e Wlth thlS 
Physiologic studies are not performed on these îndm^L- it ^ n 8 envlddn“«. Therefore, electro- 

chang^the'recommendatioí^for^^walver^If th^tíatnef^1^-t 
aircraft, he must undergo a monitored centrifuge evaluatlon^rDart^f his Pattern flle!: high Performanoe 
evaluation Is performed at USAFSAM at two to threHear IStervaîs ad—aP ^AFSAM. Re- 

age.Hlncîudïng tater'ln'nffw^n^r^^^te^rdlsLT^ IVt ^ “ 3t any 
ring In an Individual with ansusoected snhoitnioai 00 Y S° 08 devel°Pin8. A tachyarrhythmia occur- 

fIbrlllatlon^and syncope3' ZITTZS^ZIT' 0-^™^eddnaP»e"^e“-^Leï¡rt^h^c^0d^aS:r^ 

^^t^ordiv^^p^rco'rra^rr^reä;« 7i1:iE:niV::î"""ltir”: ToTã 
the WPW electrocardiographic pattern might identify a^ubiet^f0 ^^“t® ln flyln8 tralrilng applicants with 
However, because of the above further considera oís tie wíw na^ T" ^ accePtable trainees, 
entry Into flying training. considerations, the WPW pattern continues to be disqualifying for 

’T:zr¿lzr¿:::“z;i ?» zi?ir:r, 4”»™”“".'";™:::. ”L™:'suc 
associated with tachyarrhythmias An evaluation is nm m ' herefc|'e the diagnosis Is only made when 

PR interval and normaTSSs Sux. ioÍívír “ iowt« pl iZZ Z ^ ^ Ju3t 3 3hort 
oresence of P waves of definite sinus ™A Í ldterval of le33 than 0-1° a«cond and the 

represent the presence of ai ÜdeK^ng byÜsí tí“Í In lZ T * r'°r“al/arUr't add “»r« UK.ly to 
probably be considered. ‘ 3UCh 3 ca3e> «waluation and surveillance should 

Summary 

cardiography performed upon entrv into fivtno , à ” th9 USAF' aviators have routine electro- 

of their routine flight physical examination Filing of^h eV8r^ other 1,ear (beginning at age 35) as part 
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NONINVASIVE METHODS FOR THE DETECTION OF CORONARY ARTERY DISEASE 
IN AVIATORS - A STRATIFIED BAYESIAN APPROACH 

Colonel James R. Hickman, Jr., USAF, MC, SFS 
Chief, Clinical Sciences Division 

United States Air Force School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235-5301 

The detection of asymptomatic coronary artery disease is a major goal 
of most aeromedical services, especially those which utilize high- 
performance aircraft. Unfortunately, the pursuit of silent coronary 
artery disease with contemporary noninvasive diagnostic methods hau 
been disappointing. This lecture will discuss the epidemiological 
principles which underlie this rather poor perfrnuance of contemporary 
diagnostic tools in a population where coronary arterydisease is of low 
prevalence. The underlying statistical problem is best explained by 
an analysis of Bayes' theorem, which applies conditional probability 
analysis to diagnostic tests which are not perfect. The predictive 
power of a positive diagnostic test is very heavily dependent upon 
the prevalence of the disease in the population being tested. 

Unlike sensitivity and specificity, which are independent of disease 
prevalence, predictive value is strongly influenced by stratification 
of the test population into subsets with a high pretest probability 
of disease. This lecture will discuss strategies to improve the poor 
performance of contemporary noninvasive tools in the testing of other¬ 
wise healthy individuals. The USAFSAM Risk Index will be offered as 
a theoretical, but unvalidated, stratification tool. 

, detecti°n of coronary artery disease in thi asymptomatic aircrew member is a 
difficult problem because contemporary diagnostic tools which were derived for a "sick" 

P0Pulatlon raust b« applied in a healthy population which has not been strati¬ 
fied by the presence of symptoms. As we shall demonstrate in this discussion, the 
performance of contemporary diagnostic tests in a population with a low prevalence of 
the disease in question is suboptimal. 

Before discussing methods for the detection of asymptomatic coronary artery disease 
it is important to ask this rhetorical question: "Is there a mandate to identify asymp- 
tcmatic anatomic coronary artery disease?" I ask this question because aeromedical 
services must be very clear as to whether they are dedicated to the pursuit of silent 
coronary dijease. This question must be pondered at some length before embarking on a 
program for the detection of asymptomatic coronary disease, because if one answers "yes 
an entire series of new questions unfolds later on. These later questions involve 
expenditure of medical resources, the use of diagnostic tools which are not completely 
risk free, and the necessity to decide where to set aeromedical thresholds for the 
disease process. If the answer to this question is “no," and there are some who feel 
that thi diagnosis of asymptomatic coronary artery disease is not a valid aeromedical 
goal, then one can await the disease process to declare itself by symptoms. Coronary 
artery disease may present as acute myocardial infarction, angina pectoris, ischemic 
arrhythmias and conduction disturbances, or may persist as silent ischemia. A great 
deal of epidemiológica', information revolves around the observation that angina pectoris 
may actually be a minority presentation of the disease, and that more than half of all 
cases of silent coronary artery disease will present with a catastrophe. Of course, 
ischemic arrhythmias or angina pectoris may be quite incapacitating, so there is really 
no desirable aeromedical presentation for silent coronary artery disease. If one feels 
that a mandate to pursue silent disease exists, we must now examine how we have pursued 
this disease in the past. One assumes that we have all been in pursuit of silent coro¬ 
nary artery disease, since we have been regularly doing electrocardiograms, occasional 
stress tests, and recurrent evaluation of other risk factors. In the United States Air 
Force, we believe that our prevalence of serious silent coronary artery disease is 
approximately 5%. In the U.S. Air Force, as in most healthy populations, the leading 
cause of death in our aviators is due to trauma. However, if a USAF aviator dies a 
medical death while on active duty, the cause will be coronary artery disease 70% of the 
time. The autopsy series of battle casualties from the Korean War and the Vietnam War 
have underscored the observation that coronary artery disease is not a disease of old 
men, but has its beginnings early in life, with significant numbers of young men in the 
second and third decades having hemo<ynamically significant lesions. The advent of the 
new generation of high-performance fighter aircraft, which are placing unprecedented 
stress on the cardiovascular system, has placed a major premium on the discovery of 
coronary artery disease while it is still in a mild to moderate pathologic state. In 
the U.S. Air Force, as in most other NATO air forces, the view has been taken that aero¬ 
space safety and the ethical imperatives of occupational medicine require the pursuit of 
asymptomatic coronary artery disease. 

Let us now turn to a listing of the contemporary tools available for the pursuit of 
asymptomatic coronary artery disease. As you can see from this listing in Figure 1, 
there is no category for "marked value." Why is this so? We are all aware that the 
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Essentially No Value 

History 

Limited Value 

I 

Physical examination 

Holter monitor 

Echocardiography 

Resting ECS 

Exercise electrocardiography 

Exercise myocaidial scintigraphy 

Exercise radionuclide ventriculography 

Cardiac fluoroscopy 

Figure 1. Contemporary tools available for the pursuit of 
asymptomatic coronary artery disease. 

treadmill in a 
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‘Predictive 

Treadmill 

Thallium 

MUGA 

Values for 50% Angiographic Coronary Lesions 

Clinical Population Aviators 

>0°* 35% 

80%-90% <50s 

>80% <25% 

‘Predictive value « True posi lives 
Total positives 

Figure 2. What happens to conventional diagnostic techniques 
when applied in a healthy population? 

P^edlctlve valve of a diagnostic test is the percentage of positive results 
which are true positives. The sensitivity of a diagnostic test is the pe-cent “f ^si- 
tive results in patients with the disease. Sensitivity is a measure o* a test's ability 

resets snonghthose1 who*"do no^e^dVse^^^ t. 
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Test 

Disease 

Yes No 

TP FP 

FN TN 

TP+FN FP+TN 

TP-*-FP 

FN+TN 

TP+FP+FN+TN 

Predictive value (risk) if test ponitive « TP/(TP+FP) 

Sen?itivity » TP/(TP+FN) 

Specificity » TN/(FP+TN) 

Predictive value - Percent of positive tests which are "true" positives 

Sensitivity - Percent of "true" positives among all subjects with disease 
How good is the test in identifying those with disease? 

Specificity « Percent of "true" negatives among all subjects free of disease 
How good is the test in identifying the "innocent?" 

TP » True Positive 
FP ■ False Positive 

TN ■ True Ne9ative 
FN » False Negative 

Figure 3. Measures related to a test's performance 
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Sensitivity and specificity are attributes of the diagnostic test and are inde¬ 
pendent of the prevalence of the disease in the population tested. However, the pre¬ 
dictive value of a diagnostic test is not an immutable property of the test, but is 
highly dependent upon the prevalence of the disease in the population tested. It is 
extremely important for those who are involved in the testing of apparently healthy 
subjects to understand this principle, because the major problems encountered in 
screening for silent coronary artery disease are due to this phenomenon. Let us examine 
the performance of a diagnostic test with a sensitivity of 60* and a specificity of 90* 
in a population of 10,000 subjects with a 50* disease prevalence (Fig. 4). A test 

Disease 

Test 

Yes 

+ 6,000 (TP) 

4,000 (FN) 

10,000 

No 

1,000 (FP) 

9,000 (TN) 

10,000 

Predictive value of positive test 
TP 

TP+FP 

7,000 

13,000 

20,000 

6,000 
- = 85.7* 
7,000 

Figure 4. Performance of a test with 60* sensitivity and 90* specificity 
in 20,000 people with 50» prevalence of disease 

sensitivity of 63» would correctly label 3,000 of the 5,000 with disease as true posi¬ 
tives, with 2 000 remaining as false negatives. A 90* specificity would correctly 
identify 4,500 of the true negatives, leaving 500 false positive^ Under these condi¬ 
tions, the predictive value of an abnormal test, the ratio of true positives to all 
positive tests, is 85.7*. One would consider this excellent performance of the diag¬ 
nostic test. Let us assume that we are referring to a treadmill test. If one now takes 
the ver-' same technicians, physicians, electronics and treadmill apparatus, and moves 
all this from the hospital to the flight surgeon's office, what happens tc the predic¬ 
tive value? Unlike the hospital population, the prevalence of disease in the aviator 
population is 5*. The performance of the diagnostic test under such circumstances is 
portrayed in Figure 5. A 60» sensitivity would correctly label 300 of the diseased 
subjects as true positives and 200 as false negatives. A 90» specificity would identify 
8,550 of the nondiseased as true negatives, leaving 950 false positives. Even though 
this diagnostic test has done a superb job of identifying those without disease, the 
total number of subjects without the disease is so large that the very modest false 
positive rate in the “innocent" grossly outnumbers the small number of tiue positives. 
Even though the false positive rate is quite modest, the enormous number of candidates 
to be false positives produces a very low predictive value of the diagnostic test. This 
is the essential problem in the pursuit of any disease in a healthy population. The 
Bayesian Theorem applies conditional probability analysis to diagnostic tests which ere 
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Disease 

Test 

Yes 

+ 600 (TP) 

400 (FN) 

1,000 

No 

1,900 (FP) 2,500 

17,100 (TN) 17,500 

19,000 20,000 

Predictive value of positive test 
TP 

TP+FP 

600 
- - 24» 
2,500 

Figure 5. Performance of a test with 60» sensitivity and 90» specificity 
in 20,000 people with 5» prevalence of disease 

not perfect. In practice, this means that the predictive value of a diagnostic test is 
very heavily dependent upon the prevalence of disease in the population tested. Let us 
now turn to a demonstration of the Bayesian problem in real life. Figure 6 demonstrates 
the U.S. Air Force's experience With attempts to detect coronary artery disease in the 
asymptomatic male. If one performs a treadmill test on an unselected male population 
who have normal electrocardiograms, and the i performs angiography upon those with 

i 
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ECG SCREENING STUDIES 

Normal ECG 

Treadmill (field) 

Abnormal ECG 
(Serial ST-T Changea) 

Treadmill (field) 

Abnormal ECG 
(Serial Conduction Changea 

and Arrhythmias) 
(Bundlea, SVT, VT) 

Normal Abnormal 

Cath 

Normal Abnormal 

Cath 

Cath 

154-20% CAD 

104 Predictive Value 
for CAD 

254 Predictive Value 
for CAD 

Figura 6. USAFSAM CAD* experience based on angiographie data (1969-1984) 
(*504 coronary lesions) 

abnormal tests, the resultant predictive value is only 104. If one performs tne tread¬ 
mill teat only on those with nonspecific ST and T wave serial changes on the annual 
electrocardiogram, the predictive value of the exercise test increases to 254. The 
predictive value of electrocardiographic changes which require angiography in and of 
themselves (left bundle branch block, ventricular tachycardia and some cases of supra¬ 
ventricular tachyiardia) ranges from 154 to 20%. Given these rather poor predictive 
values of commonly used diagnostic tools, how does one solve the poor predictive value 
of diagnostic tests in a low-prevalence population? One may view noninvasive tests, as 
well as coronary risk factors, in one of two ways, either to predict future events or to 
attempt, to predict the presence of silent disease today. One may use them as epidemio¬ 
logical tools to predict a future clinical end-point. Such prediction has utility, but 
in aerospace medicine, it is far more important to know who has angiographic disease 
today, rather than who will develop a cardiovascular end-point seven years from now. 

The other role of these tests is to attempt to apply them as angiographic predic¬ 
tors. The epidemiologic use of the treadmill is well founded. A major epidemiological 
study from the U.S. Air Force revealed that an abnormal treadmill test, when compared to 
a normal treadmill test, had a risk ratio of 14:1 for coronary events over the ensuing 
6.6 years (1). While the treadmill test has a poor predictive value for angiographic 
disease when applied in an unstratified fashion, the risk ratio of 14-fold cannot be 
ignored. For this reason, the U.S. Air Force, as well as many other air forces, requires 
angiography for an abnormal treadmill test. Thallium scintigraphy has a sensitivity and 
specificity of approximately 904 in a clinical population. However, sensitivity and 
specificity would need to exceed 954 in order to reach a 50% predictive value of a 
positive test in a population where the disease was 5% prevalent. In a similar fashion, 
multiple gated acquisition scans, using a combination of ejection fraction and wall 
motion information, reveal very similar limitations in predictive value in a healthy 
population (see Figure 7). 

•Predictive Values for 50% Angiographic Coronary Lesions 

Treadmill 

Thallium 

MUGA 

Clinica) Population 

>80% 

804-90% 

>80% 

Aviators 

35% 

<50% 

<25% 

•Predictive value ■ 
True positives 

Total positives 

Figure 7. Predictive values of common cardiovascular tools in 
clinical subjects and in aviators. 
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In the U.S. Air Force, one could sum up our previous efforts to identify asympto¬ 
matic coronary artery disease as follows: 

1. Only a relatively small amount of coronary disease has been identified in comparison 
to that which truly exists. This finding is largely because the resting electrocardio¬ 
gram is normal in most cases of asymptomatic coronary artery disease which we see. 

2. From a study of the Bayesian aspects of the problem, it becomes obvious that most of 
our diagnostic energies have been expended on those with little probability of having 
coronary artery disease. 

3. The end result of the above factors is that almost 75% of the cardiac catheteriza¬ 
tions have been in those without coronary artery disease. 

The U.S. Air Force has been performing angiography in air force aviators since 1968 
and we have never experienced a myocardial infarction, a cerebrovascular accident, a 
catheterization-related death, or a major vascular accident. The complication rate for 
cardiac catheterization in strong, vigorous, relatively young, healthy males is approxi¬ 
mately 0.05%. Cardiac catheterizations can be performed with great safety on aircrew 
members, but we must continually try to refine our indications for cardiac catheteriza¬ 
tions for occupational reasons. The nonspecificity of our noninvasive cardiovascular 
tests means that the great bulk of the diagnostic risk, radiation exposure, grounding 
from flying for a period of time, and the attendant emotional stress falls upon the 
shoulders of those free of coronary artery disease. A high rate of false positive tests 
also imposes a significant manpower and materiel burden on the aeromedical system. How¬ 
ever, one must always choose high sensitivity over high specificity. Unfortunately, any 
modification of our contemporary noninvasive tools which increases specificity is usually 
accompanied by a corresponding decrease in sensitivity. Sensitivity must always be 
favored over specificity in aerospace medicine. Still, we feel that we have learned a 
great deal about the pursuit of asymptomatic coronary artery disease, and we should be 
able to decrease the number of normal cardiac catheterizations considerably. In terms 
of cardiac catheterizations, the problem is not that of an unacceptable complication 
rate. The complications have been extremely low. The problem is that many of the 
cardiac catheterizations are being performed on the wrong subjects. While the many 
disadvantages of performing cardiac catheterizations on those without disease have been 
outlined above, it must also follow that one will be detecting very little real disease 
if most of one's time and effort ire expended on those who are free of the disease. 

STRATEGIES FOR THE DETECTION OF ASYMPTOMATIC CORONARY ARTERY DISEASE IN AVIATORS 

Briefly, the following strategies have yielded no useful information in the pursuit 
of asymptomatic disease: 1) echocardiography, both rest and exercise; however, we are 
continuing to study the potential of exercise echocardiography; 2) systolic time inter¬ 
vals; and 3) Holter monitoring (the occurrence of ST segment elevation, frequently 
reported in a clinical population as a manifestation of silent ischemia, has been 
extremely unconmon in our aviators with asymptomatic coronary artery disease. The coro¬ 
nary artery disease in the asymptomatic state is largely discovered by exertional testing 
which magnifies the supply/demand imbalance. Thus, it is not really surprising that 
Holter monitoring has not been very revealing). We have also tested a number of strat¬ 
egies in an attempt to improve the predictive value of our noninvasive cardiovascular 
tests. We have subjected the scalar electrocardiogram to intensive computer analysis. 
We have also looked at the treadmill with in-depth computer analysis. Neither of these 
strategies has significantly altered the basic problem. We have also attempted to look 
at combinations of all data available within the conventional treadmill test (2), but 
multi variant treadmill analysis has made little impact on the false positive problem. 
The predictive value of the ST response at varying degrees of maximal ST depression, the 
predictive value of the ST response at varying degrees of maximal ST depression during 
the first nine minutes of exercise, the predictive value of the ST response at times of 
onset of ischemi? and the predictive value of the ST response at varying peicentages of 
the maximal predicted heart rates have all been analyzed in depth in the treadmills of 
aviators who went to angiography. One can sum up the results of these treadmill strate¬ 
gies by stating that one has no difficulty in coming up with treadmill information which 
is highly specific, but the tradeoffs result in very unacceptable sensitivity. The same 
is true for any combinations of high sensitivity, producing lowered specificity. For 
example, we could change our criterion for abnormality of the treadmill test from 
0.1 millivolt of ST segment depression to 0.2 millivolts. This would result in an 
increased predictive value of the test and would certainly be more specific, but clearly 
less sensitive. Let us now review the tradeoffs between loss of specificity versus loss 
of sensitivity. 

LOSS OF SPECIFICITY 

1. Leads to further testing. 
2. Expensive and time-consuming. 
3. Imposes some risk on subjects free of disease. 

LOSS OF SENSITIVITY 

1. Disease goes undetected. 
2. Unacceptable in dangerous occupations. 
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not hat ™odlflcatlon of our contemporary diagnostic tools does 
not seem to be the solution to the Bayesian dilemma. Modification of the test does not 

rÜÎ'üt ° ‘T ri""7' SlnCe the teSt function* quite where disease density is 
into a hi^h hnt«J i°Ur problara' th8n- becomes one of changing a low-prevalence situation 
into a high-prevalence situation. The true answer to the Bayesian dilemma lie 

>le. 
the 

performing the test on the right.people and avoiding the testing ^f the wro^peop 
In those populations where the pretest probability of disease is high, we can make Ln 
Bayesian aspect of the problem work for us, rather than against us. How does one con¬ 
dense a very large population where the disease is quite sparse into a much smaller 
population where the disease is quite abundant? To pursue this problem, we must turn to 
classical coronary risk factors which have served us well in the prediction of future 
events. Can we use classical risk factors tc help us predict the presence of angio¬ 
graphic disease at this moment? Figure 8 reveals the Framingham Risk Equation. One can 

Risk 
1 t e •bx 

BX =■ B0 t B^ Age t Bj Age2 t B3 Age x Total Cholesterol + B4 Total Cholesterol + 

B5 SBP + B6 Smoke t a7 LVH on ECG t Bg DM 

Note: The_equation was derived prior to clinical availability of HDL determinations 

Figure 8. Framingham Risk Equation - predicts events 

instantly note that age enters into the equation three times, once as a squared function. 
ne also notes that cholesterol enters into the equation twice. Thus, the bulk of the 

risk information is contained in age and blood lipids. At USAFSAM, we used a modifica- 
lon of the Framingham equation to evaluate a large series of aviators who went to 

angiography, dividing them into 10 deciles of risk, the lowest risk for coronary disease 
residing in the first decile and the highest risks residing in the tenth decile. As one 
can see from Figure 9, we did 48 cardiac catheterizations in the first d«oile of risk to 
ind only one case of disease. The Framingham equation would have predicted five cases, 

but it must be borne in mind that the Framingham equation was derived to predict future 
liraitatlon °f the Framingham equation, one can see that, in 

the fifth decile of risk, we performed 48 cardiac catheterizations to find 11 cases of 

Decile 
of Risk 

No. of 
Caths 

Expected 
Cases* 

Observed 
Cases* 

1 48 

2 47 

3 48 

4 47 

5 48 

6 48 

7 47 

8 48 

9 <7 

10 48 

*for 50% lesions 

5 

7.4 

10.1 

12.4 

14.7 

16.7 

18.7 

23.1 

27.2 

33.3 

1 

4 

6 

10 

11 

16 

12 

19 

26 

35 

Figure 9. USAFSAM modification of Framingham Risk Equation 

(Modification derived prior to clinical availability of HDL determinations) 

disease, and in the tenth decile of risk, we performed 48 cardiac catheterizations ••o 
find 35 cases of disease. A summary of the results of the USAFSAM modified Framinghai.- 
Risk Equation is contained in Figure 10. In the first five deciles of risk, we per¬ 
formed 238 cardiac catheterizations, to find only 32 cases of disease. In the last five 
deciles of risk, we performed 238 catheterizations, to find 108 cases of disease. In 

* 
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Firot 5 deciles: 

Last 5 deciles: 

Highest decile: 

32 cases 

108 cases 

35 cases 

CAD/728 Caths 

CAD/233 Caths 

CAD/48 Caths (72%) 

Figure 10. Suiwary of USAFSAM modified Framingham Rish Equation 

the highest decile of risk, we found disease in 72% of the subjects. Thus, it should 
become quite clear that we can select a segment of the population in whom an abnormal, 
noninvasiv : test should have very high predictive value. One does not even have to use 
a sophisticated regression equation to gain significant stratification of coronary risk. 
Figure 11 demonstrates the rathe- impressive performance of a simple analysis of the 
number of cardinal risk factors present in an aviator with an abnormal treadmill test. 
In these 255 asymptomatic aviators, the ove all predictive value of the e.-.^rcise test 
was only 25%. However, it can be readily seen from this ^able that 25% predictive value 
defines the population rather poorly, since there is clearly a hierarchy of predictive 

N » 255 asymptomatic aviators cathed for abnormal treadmills 

Overall predictive value * 25% (65/255) for >50% lesions 

Predictive value of treadmill 

9% 

20% 

27% 

39% 

64% 

Risks analyzed 

Cholesterol ^240 mg% 

Abnormal GTT 

Smoking (^20 cigarettes per day) 

Hypertension 

Positive family history (first-degree relative <65 years) 

Number of risk factors 

0 

1 

2 

3 

>4 

Figure 11. USAFSAM use of cardinal risk factors to predict angiographic CAD 

values among all of these essentially identical subjects. For those with no risk 
factors, the predictive value of the treadmill was only 9%. However, for those with 
four or more risk factors, the predictive value of the exercise test was 64». Thus, it 
becomes clear that, by simply using the ordinal number of risk factors, one should be 
able to identify a population of aviators ’n whom a positive exercise test is much more 
likely to represent a true positive. One may also c elude from these data that it is 
probably incorrect to state that any test has a given predictive value for an asympto¬ 
matic population, since there are individuals within the croup of such widely varying 
risk for the disease. This is rather unlike a clinical pooula.ion, wherein symptoms of 
angina tend to produce a population at catheterization which is very homogeneous in 
terms of risk factors, thereby producing a group of ratner high uniform pretest proba¬ 
bility of disease. Thus, a single predictive value of a diagnostic test in a high- 
prevalence population is far more scientifically accurate than the same statement 
applied to a group of healthy individuals. In order to look furthe. at these cardinal 
risk factors, we shall introduce a new ep. demio1ogica1 tsrm, the ulke 1ihood Ratio. 

The Likelihood Ratio is the ratio of the true positive to the false positive rate. 
The Likelihood Ratio defines the effectiveness of a single diagnostic test criterion 
when isolated from other observations. A ratio of <1 indicates no association between 
the tested variaole and the disease state. A ratio of >1 indicates a predictor which 
makes an independent contribution to the diagnosis of the disease state. Figure 12 
indicates a series of Likelihood Ratios for individual risk factors in aviators who went 
to cardiac catheterization, defining a case of coronary disease as one 50% lesion in a 
major vessel. As expected, the highest Likelihood Ratio for angiographic disease was in 

those aviators with three or more cardinal risk factors. 

É 
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Cholesterol >240 mg% 

Smoker 

Family history 

Glucose intolerance 

Hyperter sien 

>2 risk factors 

>3 risk factors 

1.75 

1.30 

’ . 20 

2.70 

1.50 

3.65 

5.66 

Figure 12. 
Likelihood Ratios for cardinal r sk factors in aviators 
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USEFULNESS OF HDL CHOLESTEROL IN THE PREDICTION OF ASVMPT0M5TIC CORONARY DISEASE 
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THE USAFSAM RISK INDEX 
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Figure 13. The USAFSAM Risk Index 
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was derived retrospectively, based upon tr.giographic data from USAF aviators. It is 
based upon easily verified risk factor information and has the advantage of using 
continuous, rather than noncontinuous, information. This index is currently being 
prospectively validated, whereby we are actually choosing aviators for treadmill exer¬ 
cise testing based upon their coronary risk as assessed by the USAFSAM Risk Index. This 
index has not yet been put into operational use in the U.S. Air Force and we would 
advise our colleagues to withhold arty application of this index until we have finished a 
validation of several years. This index was specifically derived from a population aged 
40+5 years, who have a largely North American diet and lifestyle, and who are USAF 
pilots. In addition to these special conditions, the index was specifically derived 
only to aid in the identification of asymptomatic coronary artery disease. The USAFSAM 
Risk Index may not be applicable to other populations. It is also disturbing te sonie 
eeromedical specialists to note that the index contains only age, cholesterol and HDL 
cholesterol. We were also somewhat surprised at this finding, but the addition of 
hypertension, glucose intolerance, family history, and cigarette smoking did not add 
statistically significant information to the Risk Index. There are plausible explana¬ 
tions for this result. In the U.S. Air Force, we have almost no untreated hypertension 
because of intensive disease survsillance. Thus, the population curve for hypertensive 
morbidity is truncated in our aviators well before the morbidity and mortality curve 
st?rts to rise. USAF aviators with hypertension who do not respond to thiazide diuretics 
are removed from flying status. Thus, the derivation of the USAFSAM Risk Index did not 
include hypertensives who were either uncontrolled or had experienced end-organ damage, 
since they do not remain on flying status. We have very few pilots with chemical dia¬ 
betes on active duty in ths U.S. Air Force. Family history would have been of greater 
benefit in this equation if the population of subjects had been older. A premature 
family history of coronary artery disease (a coronary event in a first-degree relative 
under age 65) may not have yet occurred in an aviator age 40 whose parents are still in 
their early sixties. Family history is also notoriously inaccurate and also suffers 
from the disadvantage of entering the equation as a dichotomous (noncontinuous) variable. 
The incorrect recording of family history, which enters any regression equation as a 
"yes'' or "no" answer, causes a major perturbation in the equation when misassigned. The 
effect of smoking tends to be mediated by the potentiation of lipid risks, since HDL 
cholesterol is lowered by smoking. Further, the period of exposure is also a function 
of age. In summary, greater than 90% of the risk information for angiographic disease 
was contained in the three factors of age, cholesterol and HDL cholesterol. Figure 14 
represents retrospective information regarding the performance of the USAFSAM Risk Index 
in those with abnormal exercise tests. For those at very low coronary risk (index 
<5,000), the predictive value of the e cercise test was only 5.7%. Hov/ever, the predic¬ 
tive value of the exercise test climbed steadily with increasing index until a predic¬ 
tive value of 75% was reached in those with an inda,, serial to or greater than 12,000. 
It must be emphasized that the predictive value of 75% s the predictive value of an 
abnormal exercise test in a population <'ith an index of at least 12,000. It does not 
mean that, if one has an index of one has a 75% chance of having coronary artery 

SIGNIRCANT* CORONARY DISEASE IN RATEO OFRCERS 
WITH A POSITIVE (TM) STRESS TEST BY RISK INDEX 

* AT LEAST 50% OBSTRUCTION OF ONE MAIOR ARTERY 
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Figure 14. Significant* coronary disease in rated officers 

with a positive treadmill stress test by risk index 
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disease. Figure 15 represents the evaluation protocol currently being used bv 
the U.S. Air Force to validate our Risk Index. For those with indices less than 5,000 
no actions are contemplated. For those with indices between 5,000 and 7,000, risk- 
reduction counseling will be given. For those with indices from 7,000 to 10,000, the 

wCai eiectrocardlo9ram* when compared at USAFSAM with all previous tracings, will be 
the determining factor. Serial changes on the annual electrocardiogram for those in 

risk group will result in a .treadmill test. Those with abnormal treadmill tests 

refere^ to USAFSAM for further evaluation. For those with indices of 10,000 to 
12,000, a treadmill ‘est will be performed at the local base. Abnormal treadmill tests 
will be referred to USAFSAM. For those with indices of greater than 12,000, a direct 
USAFSAM evaluation will result. We feel that a direct USAFSAM referral for an index 
of .2,000 or greater is necessary because treadmill false negative rates have their 
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Figure 15. Evaluation protocol by risk index 

greatest aeromedical impact when high-grade disease is missed. False negatives may 
occur due to collateralized high-grade obs ructions, or high-grade "balanced“ disease 
may yield a falsely negative thallium scan. Just as false positive tests are a problem 
where the disease is very sparsely populated, false negative tests become the problem at 
the other end of the spectrum, where there are indeed a great many candidates to be 
false negatives. For this reason, those with indices of over 12,000 will receive tread¬ 
mill exercise testing, a thallium scintigram, a gated blood pool study, and cardiac 
fluoroscopy. Only 1% of our USAF aviators have risk indices of 12,000 or greater; 1.3% 
of our aviators are between 10,000 and 12,000, and only 8.1% are between 7,000 and 
10,000. Approximately 90% of all USAF aviators have risk indices of under 7,000. In 
the U.S. Air Force, we anticipate that the index will prove to have great utility in 
solving the Bayesian dilemma. We anticipate that more angiographic disease will be 

and that cases of ominous anatomy will be represented in those who are 
identified. We anticipate that our resources will be focused on the higher-risk popula¬ 
tions, thereby eliminating the large number of nonproductive evaluations in the large 
low-risk population. We also anticipate that, over time, disease d'scovery will shift 
to more mild to moderate cases, as it becomes more difficult for aviators with unfavor¬ 
able lipids to escape detection until the fifth decade. We fully expect that the 
thresholds for various types of testing will need to be changed once we have more expe¬ 
rience following the validation. The USAFSAM Risk Index represente the culmination of a 
number of goals in risk stratification for the U.S. Air Force. We wish to enhance 
predictive value of our noninvasive tests by increasing the pretest probability of 
disease. We wish to avoid second-order tests in aviators with no risks for the disease. 
We wish to minimize grounding for workups which are ultimately unrevea. . We also 
wish to increase the ratio of significant high-grade'disease case^ whir,, are discovered. 
Ultimately, once the cases of serious high-grade anatomy are markedly decreased by risk 
8tratific®tion, we hope that the majority of disease which we discover will be in the 
mild to moderate range. In reality, the aeromedical mission is not being performed well 
if most of the disease which we discover is high-grade disease, because aviators with 
serious coronary obstructions will have been involved in operational flying. Our goal 
is to discover the disease early, when it exists in a mild obstructive state, well 
before the aeromedical risk becomes gre* t 
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VALVULAR AND CONGENITAL HEART DISEASE IN THE AVIATOR 

William B. Kruyer, Lt Col, USAF, MC, FS 
Robert S. Schwanz, Maj, USAF, MC, FS 

United States Air Force School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235-5301 

Many valvular and congen-cal heart lesions can have major impact in 
the aviation environment. In the flying population, such lesions are 
typically asymptomatic and may be subtle enough that their presence 
can be detected only by very careful physical or laboratory 
examination. Thus, valvular or congenital cardiac disease is often 
found in a flier in whom there is a great deal of time, effort, and 
monetary investment. The loss of such an individual from flying 
status should thus be avoided if at ail possible. As in all 
aerc.iedical djcisions, these considerations must be weighed against 
the likelihood of significant impairment whi1. ' performing aviation 
duties resulting either directly or indirectly from the cardiac lesion 
of concern. With these conflicting considerations in mind, the 
following is a discussion of regulations and medical aspects of 
specific valvular and congenital problems as approached by the USAF 
School of Aerospace Medicine. 

Bacterial Endocarditis 

Bacterial endocarditis is considered first since this disease is of great medical 

tôdbrc:;::^d3î^;;cance- This probiem 13 a ^ 0f lesions 

Although endocarditis has a low incidence, this 
structural heart disease should be 

catastrophic complication of 
, ,. assiduously avoided. In the clinical setting, 

endocarditis is a subendothelial infection with inflammation of the endocardial surfaces, 
and most nften affects one or more of the cardiac valves. Vegetations which result from 
intense inflammation typically consist of fibrin and platelet deposits which form 
microthrombi. These thrombi often contain cluster of bacteria located either on or near 
the endouaidial surface. Intense microscopic inflammatory changes 
consist jf monocytes, lymphocytes, and histiocytes with 
leukocytes. The lesions are destructive to the valv 
immune and inflammatory response. 

are common, and 
tare polymorphonuclear 

e surface, probably from the massive 

In a clinical context, endocarditis is classified as acute or subacute depending on 
the organism causing the infection. The illness is acute when infection is caused by 
Staphylococcus aureus. Neisseria species (gonorrhea or meningitidis), Hemophilus 
influenza, and the Streptococci pneumonia and pyogenes. Conversely, subacute bacterial 
endocarditis results from infection by Streptococcus viridans or Staphylococcus 
epidermidis. This difrerentiation is more important than name alone, because clinical 
course, complications, and prognosis are related to the acute versus subacute 
ait rerentiation. 

Endocarditis most frequently results from transient bacteremias. It is worthwhile 
recalling that in bacteremia, organisms are present, but not actively replicating , while 
in septicemia the reproduction of organisms is actively ongoing. Bacteremias most often 
result from mechanical disturbances in body areas harboring organisms naturally such as 
the upper and lower gastrointestinal tract (mouth, large and small bowel), upper airway, 
skin, and external genital areas. For example, alpha streptococcal bacteremia resulting 
from tooth extraction occurs in up to 85 percent of all procedures performed. The actual 
time during which organisms can be cultured trom the blood stream is snort, averaging 
five to fifteen minutes after the procedure. However this short time can result in 
endocardial infection in susceptible individuals. Dental cleaning, tooth brushing, the 
use of dental floss, chewing hard objects, and the use of fluid oral irrigation devices 
have all been documented to result in transient bacteremias. Non-oral upper airway 
manipulations which can result in bacteremia include bronchoscopy and nasal surgery. 
Normal intestinal flora have been detected in the bloodstream following barium enema, 
colonoscopy, proctoscopy, and gastroscopy. Normal urinary flora bacteremia nas resulted 
from cystoscopy even when the urine cultured from such a procedure was sterile. Finally, 
mild externa] infections of the skin as occur in acne can also result in bacteremia and 
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endocarditis. 

Individuals with flow abnormalities within the heart are clearly at a higher risk of 

endocarditis. Lesions most frequently resulting in endocarditis are insufficient and 

stenotic valves, hypertrophic :ardiomyopathy (IHSS), mitral valve prolapse, and the 

Marfan syndrome (rarely) even without mitral valve prolapse Congenital cardiac defects 

associated with a higher risk of endocarditis are ventricular septal defects, patent 

ductus arteriosus and the Tetralogy of Fallot syndrome. Secundum atrial septal defects 

do not represent a significant risk of disease, and endocarditis prophylaxis is not 

currently recommended. As a general rule, lesions which result in a high pressure blood 

jet, or ate a communication between a high and low pressure chamber put a patient at risk 

of endocarditis. 

The signs, symptoms, and findings in endocarditis vary widely. Symptoms are 

generally non-specific, with generalized lassitude predominating. Fever is seen most 

frequently in endocarditis. Associated with fever are cardiac murmurs (but not always), 

anemia, and pallor of the mucous membranes. There are five classical findings in 

endocarditis. Petechiae and subungual "splinter" hemorrhages probably represent visible 

microemboli to dermal tissue. Osier nodes are tender, small, raised, red lesions and are 

found on the pads of the fingers and toes, and on the soles of the feet. Janeway lesions 

are painless, small red lesions which are irregular and flat, and occur on the palms and 

soles in subacute infective endocarditis. Clubbing of the fingers and/or toes also 

occurs. Roth spots are whitish "cotton wool" exudates seen in the eye grounds, finally, 

splenomegaly is a frequent physical finding. 

The laboratory examination in endocarditis is typified by an elevated erythrocyte 

sedimentation rate and anemia in the early stages. The leukocyte count in most cases is 

normal but usually exhibits a distinct leftward shift. The urine is usually normal, 

although proteinuria can be an early indication of endocarditis. If hematuria is seen, 

it usually occurs later and suggests secondary glomerulonephritis, interstitial 

nephritis, or renal infarction. Blood cultures should be drawn if thttj is any suspicion 

of endocarditis, especially in an individual who is known to be at risk of disease and 

has unexplained but definite laboratory abnormalities. Echocardiography should also be 

performed if endocarditis is suspected. The échocardiographie signs of endocarditis 

consist of valvular vegetations and endocardial thickening. The absence of these 

échocardiographie signs by no means implies that endocarditis is not present, because the 

sensitivity of echocardiography for detecting endocarditis is estimated at roughly 55». 

The management of endocarditis is best left to the specialist. Currently, duration 

of antibiotic therapy is controversial, but is generally two to six weeks of parenteral 

antibiotics. Valve replacement is sometimes required, usually due to refractory 

congestive heart failure, emboli, unresponsiveness to antibiotics, and relapse within 3 

months^of therapy. Overall prognosis is good in these days of potent antibiotics, but 

mortality still occurs. The overall five year survival ranges from 45 to 90 percent 

depending on the individual. Younger individuals have a better prognosis. 

Important for the flight surgeon is the issue of prevention through antibiotic 

prophylaxis. The most recent (December 1984) guidelines for the prevention of bacterial 

endocarditis by the American Heart Association recommend the following. 

Endocarditis Prophylaxis is recommended for: 

- Mitral Valve Prolapse 

- "Most" congenital malformations 

- Prosthetic heart valves 
- Rheumatic and other acquired valvular dysfunction 

- Hypertrophic Cardiomyopathy (IHSS) 

- History of Bacterial Endocarditis 

Endocarditis Prophylaxis is not recommended for: 

- Isolated secundum atrial septal defect 
- Secundum atrial septal defect repaired without a 

patch six or more months earlier 
- Patent ductus arteriosus ligated and divided six or 

more months earlier 
- postoperative coronary bypass surgery 

Procedures for which endocarditis prophylaxis is indicated: 

- All dental procedures likely to induce gingival bleeding 
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- Tonsillectomy and/ot adenoidectomy 
- surgical procedures or biopsy involving respiratory mucosa 
- bronchoscopy 

- Incision a.:d drainage of infected tissue 

- Genitourinary and gastrointestinal procedures 

US Air Force Regulations 

Valvular and Congenital Heart Disease 

U.S. Air Forca Regulation 160-43 (para 4-18 and 5-20) states that for enlistment 

and commissioning purposes all organic disorders of the heart are disqualifying, 

including those improved by surgery. For U.S. Air Force entrance into flying training, 

a history of cardiac surgery or any significant congenital anomaly is disqualifying. 

Specific lesions will now be discussed with regard to diagnosis, prognosis, and waiver 
recommendation policy. 

Specific Regulations 

Valvular and congenital heart disease are of concern to the flight surgeon because 

of the potential for and association with arrhythmias, myocardial ischemia, heart 

failure, abnormal hemodynamics, embolic phenomena, and endocarditis. Aeromedical 

evaluation in the individual suspected of having a valvular or congenital lesion should 

at minimum undergo physical examination by an experienced cardiac specialist and have a 

complete échocardiographie examination including M-Mode, Two dimensional, and Doppler 

studies where possible. Other studies which may be indicated include exercise stress 

testing, 24 hour electrocardiographic monitoring, Thallium-201 scintigraphy, gated 

radionuclide blood studies, cardiac catheterization and centrifuge stress testing. These 

examinations are for both diagnostic and functional evaluation. 

In general, waivers in the U.S. Air Force are restricted to rated individuals. 

While some valvular and congenital anomalies are waiverable, most lesions requiring 

cardiac surgery are permanently disqualifying. Those lesions which are waiverable must 

fulfill the criteria of having no hemodynamic significance, having no significant 

arrthymias (Supraventricular/Ventricular tachycardias), having no additional conditions 

such as coronary artery disease, and requiring no medication for the condition aside from 

endocarditis prophylaxis. Table I lists waiverable lesions and Table II lists non- 

waiverable lesions. 

Some congenital heart defects may be waivered, but this is contingent upon the 

nature and severity of the lesion and how the lesion was corrected. It also depends on 

the natural course of the lesion, its associated symptoms, arrhythmias, and integrity of 

the conduction system. Those congenital lesions waiverable by the U.S. Air Force are 
listed in Table III. 

SPECIFIC CONDITIONS 

Mitral Valve Stenosis 

Aeromedical : Mitral Stenosis is permanently disqualifying, even in mild cases. 

This is due in part to the potential for pulmonary hypertension, the potential for 

hypoxia-induced pulmonary vasoconstriction, and the propensity for arrhythmias and 
emboli . 

Etiology: Mitral stenosis most frequently results from Rheumatic fever, but may 

more rarely be congenital. Frequently there is coexistent mitral valve insufficiency. 

Isolated rheumatic mitral valve disease is virtually nonexistent, i.e. if the diagnosis 

of rheumatic mitral valve disease is made, the aortic valve is almost certainly affected 

as well. It is rarely associated with Atrial Septal Defect (Lutembacher's syndrome). 

Left Atrial myxoma can sometimes mimic mitral stenosis. 
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Clinical: Clinical manifestations are usually present when the disease has 

significant hemodynamic effects. Symptoms include dyspnea, fatigue, hemoptysis, and 

anginal chest pain (in about 15* of patients). Some cases present with embolic events. 

Atrial fibrillation is a common finding in advanced cases. 

Physical findings : In advanced cases there are prominent "a" waves of the jugular 

venous pulse, a palpable right ventricular heave along the left sternal border, and 

sometimes a characteristic ruborous or flushed facial appearance. Auscultation 

demonstrates a loud SI (if the leaflets are still pliable), a narrowly split S2, and an 

opening snap which follows S2. The opening snap is Ute and should not be confused with 

the splitting of S2. The longer the delay between S2 and the opening snap, the less 

severe the stenosis is likely to be. The classical murmur is a low pitched, blowing 

diastolic "rumble" which usually has a pre-systolic accentuation. 

Laboratory: Echocardiography is the best way to noninvasively assess mitral 

sis. Severity can be assessed with doppler echocardiography. 

Mitral Valve Insufficiency 

Aeromedical: This condition is waiverable. However the patient should 

1) be asymptomatic with normal exercise tolerance 

2) have disease of no other valve 

3) have no dilation of the left ventricle or atrium 

4) have no left ventricular dysfunction 

5) have no significant arrhythmias 

The valvular insufficiency must not be due to ruptured chordae tendineae. This, 

most patients with mitral insufficiency are those with mitral valve prolapse. A 

centrifuge stress test may be helpful for assessing the potential for arrhythmias. 

Yearly examination is indicated, with periodic subspecialty followup every 2-3 years. 

Endocarditis prophylaxis is essential. 

Etiology: As noted above, most aeromedical mitral insufficency results from mitral 

valve prolapse. Marfan's syndrome has rarely caused isolated mitral insufficiency. Most 

other causes of isolated insufficiency such as mitral ring dilation or calcification, an 

left ventricular dilation are disqualifying for other reasons. Ischemic papillary muscle 

dysfunction causes mitral insufficiency, but coronary artery disease severe enough to 

cause this dysfunction would almost certainly result in disqualification. 

Clinical : 

and exhaustion 

advanced cases. 

Mild mitral insufficiency is generally asymptomatic. Dyspnea, fatigue, 

are related to low cardiac output. Atrial fibrillation is present in 

Chest pain is rare, but not necessarily due to coronary artery disease. 

Physical findings: These may be separated into those which identify mltral 

insufficiency and those which quantify its severity. The identifying features are a so^ 

first sound, and a blowing, pansystolic murmur heard best at the apex and which 

transmitted to the axilla. Those signs which quantitate the severity ot mitral stenosi 

as more severe are a third heart sound, wide splitting of S2, and an increase in 

pulmonic component of S2. If an S3 is heard, the left ventricle can fill rapidly, thus 

significant mitral stenosis may effectively be ruled out. 

Laboratory: Echocardiography detects the presence and estimates the 

insufficiency, especially with doppler examination where the spatial 

insufficient jet can be mapped. Cardiac Catheterization can also determine 

severity of 

extent of the 

the severity. 

Aortic Valve Stenosis 

I É 



3-5 

Aeromedica 1 : Mild Aoctic stenosis is waiverable if certain conditions are 

fulfilled. Cardiac catheterization for aeromedical purposes is frequently necessary to 

adequately evaluate the hemodyanmic significance of disease. A centrifuge stress test 

will determine the potential for arrhythmias. In addition, for waiver to be recommended 

the following must be true. The aviator should 

1) have no more than 20 mmHg peak valve gradient 

2) be asymptomatic 

3) have no associated or additional cardiac problems 

4) have no evidence of left ventricular hypertrophy or cardiac dysfunction. 

Patients with aortic stenosis should have frequent followup and receive SBE 

prophylaxis. The advent of dcppler echocardiography allows noninvasive detei mir.ation of 

the aortic valve gradient so that progression may be followed. 

Etiology : In the military flying population, aortic stenosis typically results from 

congenital defects, most commonly bicuspid aortic valves which spontaneously stenose. 

Bicuspid aortic valve occurs in roughly 1% - 2% of the general population. Unicuspid 

aortic valve also occurs and causes eventual stenosis. Calcific aortic stenosis in young 

adulthood is typically rheumatic, although congenital valve defects may occasionally 
calcify at rapid rates. 

Clinical : Aortic stenosis is most commonly recognized in the young patient by 

murmur, or following a syncopal episode. Syncope can bo due tc arrhythmia (bradycardia 

or tachycardia), can occur with exertion, and can be fatal. Rarely, congestive heart 

failure is the presenting complaint. Angina pectoris can also be the presenting 

complaint and does not necessarily imply significant coronary artery disease. Angina 

pectoris syncope, or cardiac failure ate ominous prognostic signs in the aortic stenosis 

patient, and the individual should be promptly referred for surgical consideration. 

Physical findings: In moderate and seve 

upstroke, and is delayed. Frequently the le 

can be easily palpated. The classical murmur 

both upper sternal borders, and is transm 

still pliable, an ejection sound (an ejection 

in bicuspid valves. These ejection sounds 

with heavy pressure of the stethoscope diaphr 

diaphragm into a higher frequency filter 

differentiate a fov;in heart sound (S4) from 

re stenosis, the arterial pulse has a slow 

ft ventricle is hyperdynamic at the apex and 

has a harsh ejection quality, is heard at 

itted to the neck and head. If the valve is 

"click") is heard following SI, especially 

are high frequency, and remain present even 

agm against the chest, which makes the 

. This simple maneuver can be used to 

an ejection click. 

Laboratory : Echocardiography provides excellent evaluation of aortic stenosis with 

the valve easily visualized in most cases. Determination of the number of cusps is 

usually possible. Doppler echocardiography, when properly performed, gives accurate 

estimation of transvalvular gradient and cardiac output. Cardiac catheterizatior may be 

needed if there is a question of coronary artery disease, or if the échocardiographie 

study is indeterminate. 

Aortic Valve Insufficiency 

Aeromedical : Aortic insufficiency is a categorically waiverable condition (the 

aviator is limited to flying tanker, transport, or bomber aircraft) if the disease is not 

severe. High performance aircraft and the associated high G environment leads to greatly 

increased afterload on the heart. This increased diastolic pressure might accelerate the 

leaking valve's detrimental effects on the ventricle. For waiver recommendation, the 

patient should 

1) be asymptomatic 

2) have a left ventricular end diastolic pressure less than 14 mmHg 

3) have angiographic insufficiency less than 2+ 
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4) Have a regurgitant fraction less than 25» 

5) have no associated aortic root disease or other cardiac disease 

6) have no significant arrhythmias 

These patients should have close followup and receive SBE prophylaxis as well. 

Etiology : As in the case of aortic stenosis, the most frequent 

insufficiency in the flying population is the bicuspid aortic valve, 

causes can be the Marfan's syndrome, bacterial endocarditis, collagen 
and ruptured cusps. 

cause of aortic 

Other less common 

vascular disease. 

Clinical; Aortic Insufficiency is most commonly 

when a diastolic murmur is heard. Mild disease is ra 

remains silent for many years. It eventually becomes 

enlarged, with correspondingly large regurgitant f 

fatigue. Once heart failure has occurred, the prognos 

which are detrimental in other valvular heart d 

hemodynamics in aortic insufficiency since the diastol 
there is thus less time for leakage to occur. 

recognized in the flying population 

rely symptomatic, and the condition 

symptomatic when the heart is 

ractions. Symptoms are dyspnea and 

is is not as good. Tachycardias 

isease may actually improve the 

ic period of filling is shorter; 

Physical findings^ Severity of disease can be judged clinically with the blood 

pressure cuff. Severe disease leads to lowering of the diastolic pressure, and if the 

diastolic pressure is 75 mmHg or more, the disease cannot be severe. The lowest 

diastolic pressures typically achieved are in the 30 to 40 mmHg range because the left 

ventricular pressure rises to this level in severe disease. The finding of diastolic 

pressures in the 50 mmHg range suggests severe aortic insufficiency. The venous 

pulsations of the neck are normal, and in significant disease there are visible capillary 

pulsations in the fingernails. The arterial pulse collapses with a sudden deceleration 

perceived with the fingers (the "waterhammer’ pulse), and the ventricle is hyperdynamic. 

The murmur of aortic insufficiency is high-pitched, blowing, and diastolic. It is 

usually heard best along the left sternal border. Sometimes the murmur is heard along 

the right sternal border, and in either case if the patient is told to empty his lungs as 

completely as possible and then lean far forward. the murmur can be better heard. 

Careful listening may also detect the so-callec Austin-Flint murmur which is soft, 

diastolic, and heard at the apex. It mimics the murmur of mitral stenosis except that no 

opening snap is heard and there is no accentuation of the first heart sound. This murmur 

comes from the jet of insufficient aortic blood partially closing the mitral valve in 
diastole yielding turbulence of the inflowing mitral blood. 

Laborjator^ Echocardiography is the mainstay of noninvasive evaluation, and 

frequently detects a bicuspid aortic valve. Doppler echocardiography reliably 

establishes the presence of aortic insufficiency. Quantitation of insufficiency is more 
difficult, but can be done with color flow doppler technology. 

Tricuspid Valve Disease (stenosis/insufficiency) 

Aeromedical : Tricuspid valve disease, whether 

disqualifying without waiver. In the ..viation 

vasoconstriction and resulting pulmonary hypertension 

hemodynamics of tricuspid insufficiency. 

insufficiency or stenosis, is 

environment, hypoxic pulmonary 

will aggrevate the detrimental 

Et io logy : Tricuspid valve disease may be functional or organic. For example, 

functional tricuspid insufficiency may result from atrial arrhythmias or in association 

with conditions causing pulmonary hypertension (pulmonary artery pressures above 45/20 

mmHg). Organic, structural tricuspid valve disease occurs as a result of rheumatic 

fever, and myxoma of the right atrium, Ebstein's anomaly and in tricuspid valve prolapse. 

Tricuspid valve prolapse occurs in roughly 20 » of patients with mitral valve prolapse. 

Tricuspid stenosis is always organic, and rare. It is usually seen in conjunction 

with the carcinoid syndrome and in rheumatic heart disease. When it occurs as a result 

of rheumatic heart disease, the mitral valve is virtually always involved. 
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Clinical : The effect of tricuspid valve disease is usually to unload the lungs of 

blood, at the cost of overloading the venous system with that blood. There is thus 

little dyspnea, and significant edema peripherally in severe disease. Blunt chest trauma 

can rupture a tricuspid papillary muscle, and years later result in clinical problems. 

Taking a history of previous trauma is thus essential. 

Physical findings: In tricuspid stenosis, the venous pulsations in the neck have a 

slow descent. There is a low pitched rumbling diastolic murmur heard usually at the 

lower left sternal border which increases with inspiration. Most right heart murmurs 

increase with inspiration because right heart blood flow increases when a breath is taken 

due to the lowering of intra- thoracic pressure. In tricuspid insufficiency, the "v" 

waves of the neck vein pulsation are increased. In severe cases, the liver may pulsate. 

There is also a pansystolic murmur which increases with inspiration heard at the lower 

left sternal border. 

Laboratory: Echocardiography and doppler studies can usually document and quantify 

the degree of tricuspid valve disease. This newer technology has found clinically silent 

tricuspid valve insufficiency in a majority of healthy young individuals. Observation of 

hepatic vein flow is useful for quantifying the severity of the insufficiency and in the 

"normal" aviation population this is usually mild. 

Pulmonary Valve Disease 

Aeromedica 1 : Pulmonary Valve Insufficiency is disqualifying without waiver. 

Pulmonary Valve stenosis is waiverable if the aviator 

1) is asymptomatic 

2) has normal cardiac function 

3) has no significant associated arrhythmias 

4) has normal cardiac conduction 

5) has no other cardiac abnormalities 

6) has a pulmonary valve gradient of less than 20 mmHg 

Careful followup, and SBE prophylaxis is highly recommended. 

Etiology: Pulmonary valve stenosis is usually congenital. Unlike the aortic valve, 

the pulmonary valve is rarely bicuspid. Stenosis most often is from hypoplasia of the 

valve ring itself. 

Pulmonary valve insufficiency is commonly functional 

hypertension. Marfan's syndrome and bacterial endocarditis are 

secondary to 

other causes. 

pulmonary 

Clinical : Pulmonic stenosis is not progressive as is aortic stenosis. Mild 

pulmonic stenosis carries a low risk of hemodynamic difficulty, and a normal, 

asymptomatic life is the rule. Pulmonic stenosis can be part of the congenital Tetralogy 

of Fallot syndrome (pulmonic stenosis, ventricular septal defect, right ventricular 

hypertrophy, and overriding aorta), or it may be isolated. 

Pulmonary valve insufficiency can also be tolerated chronically, except that it is 

usually secondary to pulmonary hypertension which is frequently progressive. 

Physical findings: In pulmonic stenosis there is an increased "a" wave in the neck 

vein pulsations. There is a palpable right ventricular lift, an ejection click, and P2 

is late and diminished. The typical pulmonic stenosis murmur is ejection in nature, 

harsh, louder with inspiration and heard best at the left second or third interspaces 

near the sternum. The murmur of pulmonic insufficiency is sometimes called the 

Graham-Steeli murmur (usually secondary to pulmonary hypertension). This murmur is 

.iigh-pitched, blowing, decrescendo in nature and begins immediately following P2. It is 

heard best in the left parasternal area of the second to fourth intercostal spaces. It 

resembles the murmur of aortic insufficiency, but may be differentiated by association 

with an accentuated P2 or a fused S2. It usually increases with inspiration, changes 



little after amyl nitrite administration, and is diminished with Valsalva maneuver. 

Laboratory: Echocardiography is both sensitive and specific for detection of 
pulmonic valve disease when the doppler examination is included. 

Hypertrophic Cardiomyopathy (HCM, HOCH, IHSS) 

Aeromedical: This interesting cardiac condition is permanently disqualifying for 
all classes of flying duty. The reason is the association with syncope and sudden death 
in affected individuals. Syncope may be either hemodynamic or arrhythmic. Roughly 22% 
of all afflicted patients are asymptomatic, and over half have no functional limitation 

to everyday life. 

Etiology : The etiology is unknown. The disease has had a vast array of names, but 
most seem to reflect the disproportionate septal thickening seen in the commonest form. 
It is hereditary as autosomal dominant, so diagnosis mandates prompt examination of 
family members. The left ventricle of an affected patient is hyperdynamic. The mitral 
valve sometimes exhibits a characteristic systolic anterior motion which is usually 
associated with an intraventricular pressure gradient. Controversy has raged over the 
significance of the intraventricular gradient, and whether this represents an obstruction 
to outflow by the septum and mitral valve or is a result of rapid, forceful ventricular 

contraction. 

Clinical : This condition is most commonly a disease of young adults (average age at 
presentation is 26 years). Dyspnea is the most frequent complaint of those individuals 
who are symptomatic. Other symptoms are angina pectoris, fatigue, and loss of 
consciousness, especially with exertion. In the aeromedical population, the disease is 
most often found by n utine electrocardiography because of the characteristic 
electrocardiogram. In other patients there is evidence only of left ventricular 
hypertrophy. The flight surgeon who is caring for a patient with left ventricular 
hypertrophy presumed secondary to hypertension should also consider this disease entity 
(or a variant) if the hypertrophy does not respond to adequate blood pressure management. 

Physical findings: A rapid "a* wave is sometimes seen in the neck vein contour. 
The arterial pulse has a characteristic rapid rise (in contrast to aortic stenosis where 
the rise is slow), and is frequently bifid in nature. Classically, the murmur is harsh 
with an ejection quality and is heard best low on the précordium. The murmur is 
increased by Valsalva maneuver since the left ventricular volume is docreased and the 
gradient increases. If the examiner is fortunate enough to hear a ventricular 
extrasystolic beat, the sinus beat following this one greatly exaggerates the murmur. 
Amyl nitrate also exaggerates the murmur since the ventricular volume is smaller (more 
venous pooling). Mitral insufficiency is commonly associated with this condition, and 

this murmur can fraquently be heard. 

Laboratory: Echocardiography has probably become the definitive diagnostic method 
for this entity. A ratio of septal thickness: poster lor wall thickness of 1.3 or greater 
with enhanced ventricular contraction and appropriate physical findings is considered 
diagnostic. Systolic anterior motion of the mitral valve can usually be easily 

demonstrated when present. 

Atrial Septal Defect 

Aeromedical: Secundum atrial septal defect, if repaired, it a waiverable condition 
after a mandatory six month waiting period postoperat ively. It is frequently recommended 
that cardiac catheterization be repeated in the postoperative period to insure 
effectiveness of surgery and proper intracardiac pressures. There are two other less 
common types of atrial septal defect, primum defects (low, near the atrioventricular 
junction) and sinus venosus defects (high, near the entrance of the pulmonary veins). 
These defects are not waiverable because of associated anomalies. 

Etiology: 
noted above. 

The etiology of this defect is uniformly congenital. The variants are as 

Clinical: Typica 
associated with sigm 
by age 40, and present 

lly small lesions are silent in 
ficant symptoms. In larger defects, 
as dyspnea on exertion, congestive 

to early 
symptoms 

heart fa 

adulthood and not 
will usually develop 
ilure, and symptoms 



related to supraventricular arrhythmias (tachycardia, atrial fibrillation) which are 
associated. It is important to detect and correct this problem early so that permanent 
damage to the lung vasculature does not result from the chronic right heart volume 
overload state. Pulmonary hypertension can result, but rarely occurs before age 20 in 
individuals at sea level. This problem can occur earlier in people living at higher 

altitudes. 

Physical findings: The typical patierit with atrial septal defect is usually gracile 
and sometimes has a prominent left chest since the right ventricle presses the left chest 
wall outward. The venous pressure is normal in the asymptomatic patient. The right 
heart is palpable on the précordium. There is sometimes a systolic murmur in the 
pulmonic area, soft, and due to increased right heart flow. If there is a large left to 
right heart flow, there is a diastolic flow murmur originating from flow through the 
tricuspid valve (not from flow through the defect). The second heart sound has a wide 
and fixed split, because the right heart has a larger volume to expel with each heartbeat 

and thus takes longer. 

Laboratory: Echocardiography when combined with doppler methods can demonstrate 
most defects of clinical significance. Electrocardiography sometimes shows complete or 
incomplete right bundle branch block, and/or an rSr1 pattern in precordial lead VI. The 
chest X-Ray shows right atrial and right ventricular enlargement in proportion to the 
increased stroke volume. The central pulmonary arteries are enlarged proportionately to 
flow through them and the degree of pulmonary hypertension, if present. The degree of 
vascularity on X-ray is inversely proportional to the degree of pulmonary vascular 

disease . 

Ventricular Septal Defect (VSD) 

Aeromedical: Ventricular septal defect is analogous in many ways to atrial septal 
defect in regard to aeromedical status and disposition. Repair of the small VSD is 
required for waiver, and a mandatory waiting period of six months postoperatively should 
be observed. During this period, cardiac catheterization or careful 
echocardiograpnic/doppler examination should be performed. Endocarditis prophylaxis is 

mandatory. 

Etiology: Etiology is virtually always congenital in the aviator, and other causes 
such as ischemic necrosis are obviously disqualifying for other reasons. 

Clinical : The physiology of VSD is quite different from that of ASD, since the 
communication is between a high pressure (left ventricle) and lower pressure (right 
ventricle) chamber. Clinically, sizes may be seen from only a few millimeters to 
patients in which virtually the entire septum is absent. The symptomatology is related 
to defect size, and most of the aeromedical patients will be asymptomatic. The natural 
history is related to the state of the pulmonary vasculature, and whether damage is done 
because of high pressure and volume overload. Operation for medical reasons should 
definitely precede development of this dreadful complication. Aeromedically, most 
patients will be discovered because of the murmur, and operation can be undertaken 

without problem. 

Physical findings: Large defects at buth result in poor development, so that such 
a situation is unlikely to appear in the aviator. Chest deformities are common with 
large defects in the form of a bulging sternum. Either or both ventricles may be felt on 
palpation. If there is left to right flow through the defect as should be the case in 
the aeromedical context), auscultation reveals a harsh pansystolic murmur loudest in the 
lower left sternal area with radiation over the entire précordium. The murmur is louder 
in smaller defects, because a jet is formed, and these are the so-called "maladie de 

Roger* lesions. 

Laboratory: Echocardiography can visualize larger defects, and doppler techniques 
can detect both large and small defects with high sensitivity and specificity. The x-ray 
is usually normal, especially with small defects. 
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Helpful Auscultatory Hints 

Organic murmurs are: 

* Diastolic, pansystolic, or continous 

* Loud 
* Associated with other cardiac abnormalities 

Innocent Murmurs are: 

« NOT associated with abnormal S2 splitting 

* NOT diastolic 

* NOT pansystolic 

* NOT loudest in the aortic area 

* NOT loud 
* NOT found to radiate widelv 

Completely Innocent: 

Types of Innocent murmurs• 

* Cervical venous hum 

* Supraclavicular arterial bruit 

* Mammary souffle 

* Still's vibratory murmur 

* Pulmonary systolic ejection murmur 

Relatively Innocent: 

* Early systolic murmurs 
* Pulmonary flow murmurs with high output 
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Table I 

Cardiac Leslonr waiverable in tne U.S. Air 

Minimal Aortic Valve Stenosis 

Mild Aortic Valve Insurficiency 

Isolated Mitral Valve Insufficiency 

Mild Congenital Pulmonic Valve Stenosis 

Table I_I 
Cardiac Lesions whicb are not waiverable under any 

Mitral Valve Stenosis. 

Mitral Vaj.ve Insufficiency secondary 

to ruptured chordal apparatus, or 

ischemic papillary muscle dysfunction. 

Significant Tricuspid Valve Disease 

Pulmonary valve insufficiency secondary 

to pulmonary hypertension 

Table III 

Waiverable congen i tal heart lesions 

Disc.ete Subvalvular/Supravalvular Aortic Stenosis 
Ostium Secundum Atrial Septal Defect 

Coarctation of tne ,.orta ■ nld) 
Pate.t Ductus Arteriosus 

Ventricular Septal Defect (small) 

For r-e 

circumstance 
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Aortic Stenosis 

Aortic Insufficiency 

Mitral Insufficiency 

Hypertrophic Cardiomyopathy 
Valsalva 

Ventricular Septal Defect 
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AEROMEDICAL ASPECTS OP MITRAL VALVE iPC„APSE 

Colonel James R. Hickman, Jr., USAF, MC, SES 
Chief, Clinical Sciences Division 

United States Air Sorce School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235-5301 

Mitral valve prolapse (MVP) continues to be a major aeromedical 
problem. Current issues revolve around diagnostic criteria, aeromedical 
thresholds for disqualification and the lack of definitive natural 
history studies upon wiich to base aeromedical decisions. Currently, 
there are no existing natural history studies of incidentally dis¬ 
covered mitral valve prolapse in the asymptomatic male. USAFSAM is 
currently following over 300 mitral valve prolapse subjects on a 
recurrent basis in order to determine this natural history. The 
comparison of this natural history group with age-matched controls 
should be completed in approximately 1988. Preliminary data offered 
in this report enumerate the most common grounding causes of mitral 
valve prolapse in the first 202 aviators with prolapse in the study. 
A suggested scheme for clinical evaluation, aeromedical disposition 
of MVP and suggested aeromedical diagnostic criteria are offered. 

Prevalence of Mitral Valve Prolapse 
Mitral valvo prolapse in the general population ranges from a prevalence of 4.6% to 

21%, dependino upon the study quoted. Figure 1 lists the sources of these estimates (1, 
2, 3, 4, 5, 6). This rather wide range is explained by population selection factors and 
variance in diagnostic criteria. The most widely quoted prevalence figure is 6-7%, 
using combined auscultatory and échocardiographie criteria in a mixed male/female prpu- 
lation. Among the last 14,128 aviqtors evaluated at USAFSAM, the prevalence of mitral 
valve prolapse was 2.3%. This lower-than-expected prevalence of mitral valve prolapse 
in military aviators may be explained in part by: 1) there are practically no women in 
the denominator, and MVP is more common in females; 2) some auscultatory screening had 
been performed before entry into flying training, and subjects diagnosed with MVP do not 
usually enter flying training; 3) some USAFSAM subjects who received highly specified 
evaluations (e.g., ophthalmology) may not have been studied with echocardiography. Also, 
echocardiography was not generally available until 1971-72; and 4) the prevalence figure 
for mitral valve prolapse in a referral population such as USAFSAM includes a signifi¬ 
cant number of mitral valve prolapse subjects referred because of that diagnosis, which 
would tend to push prevalence higher ratner than lower. However, because mitral valve 
prolapse was diagnosed with relative infrequency prior to the early 1970s, overall prev¬ 
alence figures are severely affected by increasing diagnostic sensitivity after 1972. 
Without an échocardiographie surv .y of appl icants for undergraduate pilot training, 
rather than selectees, it is imprssible to know the true prevalence of mitral valve 
prolapse in a training population. The prevalence of mitral valve prolapse in under 
graduate pilot training selectees, who have already received an auscultatory examination 
is also unknown in the US Air Force. Dr Gray will later present some échocardiographie 
screening statistics for the Canadian Air Force. 

Devereux, rc al., Circ 1976 6% 
Brown, et al-, Circ 1975 4.6% 
Progacci, e' al., NEJM 1976 6.3% 
Warth, et al., Circ 1983 13% 
Sasaki, et al., Jap. Cardiography 1982 11% 
Leatham, A., et al., AHJ 1980 21% 

Figure 1 - Reported MVP Prevalence from 
the Medical Literature 

Diagnostic Criteria 
The issue of prevalence bears upon diagnostic criteria. The major issue is whether 

or not some degree of mitral valve prolapse (some degree of mitral valve protrusion into 
the left atrium during systole) mighi. not be "normal." One does not readily accept the 
idea of collapse of the mitral valve under "normal" hemodynamic conditions, or that 
failure of the mitral leaflets to coapt with even minimal retrograde regurgitation is 
"normal." Unfortunately, the relative infrequency of such findings in "healthy persons" 
has been a barrier to effec ive échocardiographie diaonostic criteria. Quantitative 
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criteria for mitral valve prolapse from angiography have teen published, with the only 

asymptomatic series coming from USAFSAM (7). The criteria were quite specific, but less 

sensitive. A 20% prevalence of acoustically silent mitral valve prolapse (detected 

angiographically) places a strong reliance on echocardiography, even in the face of 

somewhat nebulous échocardiographie diagnostic criteria. This diagnostic dilemma was 

highlighted in one published series by Abassi (8), who reported diagnostic sensitivities 

for combined M-mode, two-dimensional echocardiogram and Doppler from a low of 50% alone 

with M-mode to a high of 93% using all three modalities, with the midsystolic click 

serving as the "gold standard." These f'.ata are displayed in Figure 2. It must be 

recognized that no metter which diagnos;ic criteria one employs, there will be gray zone 

cases. A suggested list of criteria whicn may be useful in the aeromedical setting are 

those designed at USAFSAM. The USAFSAM diagnostic criteria (Figure 3), published from 

USAFSAM in 1980 (9), require anatomic confirmation, either by echocardiogram or angio¬ 

graphy, or confirmation of a midsystolic click by two competent auscultators (n order to 

label a case as definite MVP, rather than possible or probable MVP. This differentia¬ 

tion is important since findings which may be associated with mitral valve prolapse such 

as supraventricular tachycardia ano ventricular tachycardia (which are waiverable for 

some categories of flying in and of -hemselves) may become the drivers for angiography 

since they are not considered waiverable in the face o. mitral valve prolapse. If there 

are no disqualifying mitral valve prolapse subsets, it is not essential that the dis¬ 

tinction between possible and probable prolapse be made, since the aeromedical disposi¬ 

tion and follow-up are unaffected. 

Auscultatory MVP 

M-Mode MVP 

2D - Echo 

Dopp1er 

M and 2D 

M and D 

M, 2D and D 

125 

62 (50%) 

85 (68%) 

90 (72%) 

96 (77%) 

111 (89%) 

116 (93%) 

Legend: 2D « two-dimensional 

D - Doppler 

M * M-Mode Echo 

From Abassi, et al., JACC, Dec 83 

Figure 2 - Performance of Echo/Doppler 

Studies in Auscultatory MVP 

Definite 

Probab1e 

Possible 

Left Ventricular 

Cineangiogram 

Posterior mitral 

leaflet herniation 

> 10 mm into left OR 

atrium 

M-Mode 

Echocardiogram 

Mid-late jystolic 

posterior "buckling" 

> 2 mm from C-D line OR 

Holosystolic 

posterior AND 

mitral motion 

Ho 1osystolie 

posterior OR 

mitral motion 

Modified from Engel 

Auscultation 

Midsystolic cl’'ck 

documented by 

2 observers 

Non-ejection click 

and/or late systolic 

murmur 

Isolated non- 

ejaction click 

and Hickman, 1980 

Figure 3 Recommended USAFSAM Aeromedical Diagnostic 

Criteria for MVP in Aviators 

At USAFSAM, we still recommend bacterial endocarditis prophylaxis for those with 

possible or probable mitral valve prolapse. Mid to late systolic buckling is the most 

specific M-mode finding for MVP, while holosystolic motion or flattening is suggestive 

of MVP but not diagnostic. The two-dimensional echocardiogram has provided even better 
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anatomic definition, and good quality two-dimensional echocacdiograms detect many pat¬ 

terns of mitral motion behind the annular plane. Specific criteria for the additional 

information supplied by Doppler have not been established at USAFSAM, but this diagnos¬ 

tic tool may provide a very sensitive method of detecting the minimal mitral regurgita¬ 

tion often associated with the prolapsing mitral valve. At USAFSAM, we resort only to 

angiography in mitral valve prolapse when the diagnosis is equivocal and arrhythmias are 

present which are permanently disqualifying in the face of mitral valve prolapse. Under 

these conditions, we recommend left anterior oblique and right anterior oblique ven¬ 

triculograms. In most cases of mitral valve prolapse in aviators, there are no disqual¬ 

ifying subsets of MVP, and the differentiation between definite, possible, and probable 

mitral valve prolapse is nr. critical. Only when the diagnosis is absolutely critical 
to the aeromedical disposition is angiography necessary. 

Aeromedical Concerns in Mitral Valve Prolapse 

Many associated phenomena have been reported to occur with mitral valve prolapse 

which are not compatible with flying. The major aeromedical concerns are outlined in 

Figure 4. Figure 5 outlines a composite estimate of the complication rate for mitral 

valve prolapse patients in a clinical population. It should be noted that the overall 

complication rate is an estimated 12-15». However, these studies were performed on pa¬ 

tients who reported to physicians because of complaints. The true prevalence of mitral 

valve pro 1 a ose complications in asymptomatic individuals will not be known until a large 

cohort of n\ lators with incidentally discovered asymptomatic mitral valve prolapse are 

f o X lowed in a long-term epidemiological study. Currently, at USAFSAM, a natural history 

1. Incapacitating chest pain 

2. Significant ventricular and atrial arrhythmias 
3. Significant mitral regurgitation 
4. Endocarditis 

5. Embolic phenomena 

A. Retinal 

B. Cere!ral hemispheres 
C. Brai istem 

6. Sudden de¿th 

A. Arrhythmic 

B. Conduction disturbances 

Figure 4 - Aeromedical Conc.-rns in MVP 

Ventricular Arrhythmias 50% 
Atrial Arrhythmias ¢0% 
Endocarditis 3% 
Ruptured Chordae Unknown 

Sudden Death unknown 

Overall Complication Rate 12-15% 

Figure 5 - Estimated MVP Risks (Composite Average) 

from Multiple Clinical Series 

study has been underway for a number of years. in 202 consecutive cases of mitral valve 
prolapse evaluated serially with a full noninvasive and clinical evaluation, 75 aviators 
were disqualified because of findings associated with mitral valve prolapse. Of these 

75 disqualifications, 11 occurred in those who were undergoing aviation training, 51 oc¬ 

curred in actively flying pilots or navigators, and 13 occurred in aircrew other than 

pilots and navigators. The causes for disqualification of these aviators with mitral 

valve prolapse a e enumerated in Figure 6. As one can see, the overwhelming majority of 

these disquaiitications were due to arrhythmias. Figure 7 reveals the distribution of 

the disqualifying arrhythmias. There were actually 32 disqualifying arrhythmias in 31 

A 
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MVP with arrhythmias 31 

MVP with other medical 21 

MVP and associated cardiac disease 7 

MVP with conduction defects 6 

MVP with coronary disease 5 

' MVP with chest pain 2 

MVP only (flying training subsets) 2 

Other (non-medical) 1 

N » 75 

Figure 6 - Causes for MVP Disqualification 

in 75 Cases at USAFSAM (202 MVPs) 

Ventricular Ectopy (Holter) 9 

Stress Arrhythmias (TM) 6 

Ventricular Tachycardia 6 

Supraventricular Tachycardia 11 

N * 32 

Figure 7 - Distribution of MVP Disqualifications 

for Arrhythmias at USAFSAM 

aviators, since one aviator had both complex ventricular and atrial arrhythmias. Figure 

8 describes the 11 disqualifying supraventricular tachycardias. Reentrant supraventric¬ 

ular tachycardias were the most common. Figure 9 lists the six associated conduction 

disturbances. Figure 10 enumerates the seven cases of mitral valve prolapse associated 

with other cardiac diseases. One aviator was disqualified for significant mitral regur¬ 

gitation with progressive left atrial enlargement. Two others were disqualified for 

disease of the aortic root, one of which was associated with significant aortic insuffi¬ 

ciency. Two other cases of valvular aortic insufficiency were associated with myxoma¬ 

tosis degeneration of the aortic valve. One case of clear-cut Marfan's syndrome was 

noted. In summary, 37% of our mitral valve prolapse subjects were disqualified at a 

mean follow-up period of approximately five years. While this disqualification rate is 

quite high, the disqualifications were largely based upon our concept of what should be 

disqualifying, such as asymptomatic significant rhythm disturbances, rather than sympto¬ 

matic or incapacitating events. However, one must set aeromedical thresholds for dis¬ 

qualification which are dependent upon recurrent testing rather than clinical sympto¬ 

matic endpoints. These 202 cases dealt solely with abnormalities which were discovered 

during recurrent clinical examinations at USAFSAM. Three other subjects were disquali¬ 

fied because of symptomatic histories, all three of which were related to the central 

nervous system. One aviator suffered a major hemispheric stroke because of a cerebral 

embolus, another suffered a retinal embolus, and a third experienced a retinal embolus, 

but acephalgic migraine could not be totally ruled out in the latter case. Prior to the 

advent of the long-term mitral valve prolapse study group, one aviator with mitral valve 

Reentrant SVT 7 

Multifocal Atrial Tachycardia 1 

Atrial Fibrillation 3 

N * 11 

Figure 8 - Distribution of MVP Disqualifications for 

Supraventricular Tachycardia at USAFSAM 

1. Right Bundle Branch Block and Left Anterior Hemiblock 

2. Incomplete Right Bundle Branch Block and Left Anterior Hemiblock 

3. Mobitz I AV Block 

4. Mobitz II AV Block 

5. Wolff-Parkinson-White EKG Finding 

6. Marked Sinus Bradycardia 

Figure 9 Conduction Disturbances in MVP 

I 
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1. Significant Mitral Regurgitation 

2. Aortic Root Disease/AI 

3. Marfan's Syndrome 

4. Aortic Insufficiency 

5. Rheumatic ueart Disease 

6. Aortic Root Disease/No AI 

(1) 

(1) 

(1) 

(2) 

(1) 

(1) 

AI » Aortic insufficiency 
N ■= 7 

Figure 10 - Other Disqualifying Cardiac 

Conditions in MVP Subjects 

prolapse and a previous episode of exercise-induced ventricular tachycardia died sud¬ 

denly during follow-up. The issue of the prevalence of central nervous system events in 

mitral valve prolapse, such as stroke, may be pursued in two ways. One may study a 

population of mitral valve prolapse subjects and evaluate the prospective incidence of 

cerebral events (which is the method currently being employed at USAFSAM) or alterna¬ 

tively one may study in retrospect the frequency of central nervous system events in a 

young popuxation to determine if mitral valve prolapse is overrepresented. The Mayo 

Clinic Study (10) is a prospective study of 1,138 patients with mitral valve prolapse, 

of whom 40 suffered subsequent cerebrovascular accidents. Twenty-six of these 40 had no 

identifiable cause for their strokes. Ten of the 26 had definite evidence of an embolic 

phenomenon. Two-thirds of these patients were women and one-third were men. They were 

all greater than 20 years of age with a mean age of 48 years. The prevalence of stroke 

in the 22-44 year age group was 3%. Despite the female predominance of mitral valve 

prolapse subjects, the complication of stroke was more prevalent in males. Overall, the 

prevalence rate for cerebral infarction was 4-5 times greater than the expected popula¬ 

tion rate, other studies have approached the problem by looking at the prevalence of 

nitral valve prolapse in groups of young patients with unexplained cerebral events. As 

can be seen from Figure 11, mitral valve prolapse is grossly overrepresented in a popu¬ 

lation of young people with unexplained cerebral ischemic events (11, 12, 13, 14, 15). 

STUDY 

% 
MEAN MVP MVP 

AGE PTS. CONTROLS 

BARNETT 

BENSAID 

HART 

DEBONO 

SCHARF 

36 
20 
15 

40 

47 

< 45 61% 

< 40 20% 

< 40 47% 

58 15% 

< 45 28% 

7% (P < .001) 

4% 

8.4% 

Figure 11 - unexplained Cerebral Ischemic Events in Younger Subjects 

(Extracted partially from Hart, R. and Easton, D., 

Mitral Valve Prolapse and Cerebral Infarction, Stroke 

July-August, 1982, 13: 429-430 [Editorial]) 

Obviously, strokes are so uncommon in the aviator population that the construction of an 

adequate comparison group is difficult. However, we can make some estimate based on 

young adults in North America. The prevalence of cerebrovascular accidents in young 

adults under age 40 is only 3 per 100,000 subjects per year, or 1 stroke per 33,0000 

persons per year. If one considers that one-third of the strokes in young people in 

North America are secondary to mitral valve prolapse, the risk of cerebrovascular acci¬ 

dent in mitral valve prolapse i? approximately 1 in 6,000 per year. Mitral valve pro¬ 

lapse precipitating a stroke is rare, but prolapse has emerged as the leading cause of 

strokes in young people in North America. The rather gross excess prevalence of asymp¬ 

tomatic cardiac arrhythmias in an aviator population, which spans the age group in which 
prolapsa is the most common cause of stroke, is rather worrisome. 

Aercmedical Evaluation of the Aviator with Mitral Valve Prolapse 

Figure 12 lists the suggested workup of mitral valve prolapse. The treadmill test 

is recommended largely to detect exercise-induced arrhythmias. A significant num'er of 

abnormal ST segment responses will be detected if one performs a treadmill exerr.se 

tolerance test on asymptomatic mitral valve prolapse subjects. At USAFSAM, only 7% of 

our aviators have an abnormal treadmill test when subjected to exercise testing in an 

unselected fashion. However, 28% of all mitral valve prolapse aviator subjects will 

have an abnormal ST segment response (16). We also noted that the mitral valve prolapse 

I 

A 
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subjects revealed vasotequ1atory changes with standing and hyperventilation far more 

often than non-MVP aviators. In fact, a rather characteristic pattern of the abnormal 

exercise test emerged in the MVP subjects. There were usually postural changes during 

pre-exercise, ST segment depression usually less than 2 mm occurred during early to mid 

exercise, and the ST segment response frequently normalized during peak exercise and 

recovery. The ST'abnorma1ities may reappear during late exercise. This particular 

pattern was noted to ocr\r in 58% of our prolapse subjects with abnormal treadmill 

tests, and in only 2% or other subjects with coronary disease or "false-positive" tread¬ 

mill tests. Mitral valve prolapse should be suspected in aviators with abnormal stress 

1. Thorough Clinical History & physical 

2. M-Mode and 2-0 Echocardiogram 

3. Dopp1er/Echocardiogram if Available 

4. Treadmill Test for Arrhythmia Detection 

5. 24-hour Holter Monitor 

6. Centrifuge For Fighter Pilots 
7. Catheterization in Cases with Equivocal Noninvasive Findings 

and Serious Arrhythmias 

8. Periodic Re-examination at 1- to 3-year Intervals 

Figure 12 - Suggested Aeromedical Evaluation 

of MVP Subjects 

tests and vasoregulatory abnormalities. Because of the frequency of the abnormal exer¬ 

cise tests in aviators, we recommend that those aviators 35 years of age and under be 

exempted from cardiac catheterization to elucidate the abnormal ST segment response if 

they have no significant risk factors for coronary artery disease. A thallium scinti¬ 

gram may not be of much assistance in resolving the etiology of the abnormal ST segment 

response in mitral valve prolapse subjects, since abnormal thallium scintigrams are also 

quite common in mitral .alve prolapse. Aviators who are flying high-performance air¬ 

craft should at some point undergo centrifuge testing in order to evaluate the response 

of this entity to +GZ acceleration. Cardiac catheterization will only be required in 

those cases in which the diagnosis is equivocal, and other disqualifying features man¬ 

date a definitive diagnosis of mitral valve prolapse. We also strongly urge a periodic 

noninvasive evaluation until the natural history data regarding asymptomatic MVP sub¬ 

jects becomes available in the future. Currently at USAFSAM, the mitral valve prolapse 

disqualifications seem to be distributed rather equally between the first, second, third 

and fourth evaluations. This is somewhat disconcerting, since it implies that the aero¬ 

medical prognosis cannot be assumed from a single initially normal evaluation. Figure 

13 enumerates the disposition of aviators with mitral valve prolapse. In the USAF, as 

in many air forces throughout the world, mitral valve prolapse is not acceptable for 

flying training. However, aviators who are found to have mitral valve prolapse after 

1. Not Qualified to Enter Aviation Training 

2. Wwiverable in Rated Aviators if: 

- No Significant Chest Pain 

- No Prolonged QT Interval 

- No History of Endocarditis 

- No Significant Mitral Regurgitation 

- No Aortic Root or Aortic Valve Disease 

- No Other Associated Cardiac Abnormality 

- No Conduction Disturbance Except RBBB and First-Degree AV Block 

(Which Normalizes with Exercise) 

- No Left Atrial or Left Ventricular Enlargement 

- No Complex Arrhythmias 

- Supraventricular Tachycardia 

- Ventricular Tachycardia 

- Multifocal Atrial Tachycardia 

- Ventricular Pairing on Holter (Acceptable on Exercise Testing) 

Figure 13 - Aeromedical Disposition of Mitral Valve Prolapse 

they are trained to fly may be waived for flying under certain guidelines. Obviously, 

many aviators with mitral valve prolapse enter flying training with the prolapsing valve 

undetected on routine clinical examination. This raises the issue of whether or not 

applicants for aviation training should receive echocardiography. This subject was 

discussed at considerable length at a recent AGARD symposium (17, 18). Dr Gray of the 

Canadian Air Force will next present some preliminary data regarding échocardiographie 
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screening of aviation applicants. There appears to be emerging a general consensus that 

echocardiography is needed for aviation applicants, both for the discovery of subclini- 

cal disorders such as mitral valve prolapse, as well as to serve as a baseline study of 

resting cardiac function and structure. Such a baseline study may become invaluable 

later in the aviator's career to serially assess possible acquired cardiac abnormalities 
(19). 
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CASE D.H. 

James R. Hickman, Jr., Col, USAF, MC, SES 

Chief, Clinical Sciences Division 

United States Air Force School of Aerospace Medicine 

Brooks Air Force Base, Texas 78235-5301 

D.H. is a 42-year-old colonel, fighter pilot, who was admitted to the hospital for 

an episode of chest pain which was strongly suggestive of angina pectoris. His risk for 

coronary artery disease included a cholesterol of 229 mg% and an HDL cholesterol of 34 

mg% (ratio of 6.7). His father sustained a myocardial infarction at age 55 and under¬ 

went coronary artery bypass surgery. Evaluation revealed an abnormal treadmill test 

with 4 mm of ST segment depression in the precordial leads, associated with chest pain 

in late exercise. A thallium scintiqram revealed significant perfusion defects in the 

anterior wall. Coronary angiography revealed a 90% proximal left anterior descending 

lesion, a 90% lesion of the first diagonal and a 70% lesion of the proximal right coro¬ 

nary artery. The left anterior descending coronary artery filled retrograde from a 

right ventricular branch which was itself narrowed by 90%.' 

D.H. was initially managed medically following beta blockade with resting heart 

rates in the range of 50 beats/min. A treadmill test with a heart rate of 135 beats/min 

revealed 5 mm of ST segment depression. He ultimately underwent coronary artery bypass 

surgery with a sequential graft placed side-to-side to the left anterior descending and 

end-to-side to the first diagonal. A second graft was placed to the miu right coronary 

artery. He made an excellent recovery and was asymptomatic thereafter. 

1. What is your aeromedical disposition? 

2. If you choose to place this aviator back on flying status, what follow-up studies 
would you perform, and at what intervals? 

3. If you choose to place this aviator back on flying status, what is your threshold 

for subsequent disqualification? For repeat angiography? 

This aviator received an excellent result from coronary artery bypass surgery with 

no recurrence of angina at age 49, almost seven years after the initial onset of angina. 

His maximal treadmill exercise test and thallium scintigram are currently normal 

Discussion : 

Although this aviator received excellent clinical results from coronary artery 

bypass surgery, he was not certified for any category of flying in the USAF. Coronary 

artery bypass grafting precludes a return to flying in the military environment, re¬ 

gardless of the clinical or anatomical results. In the United States, the Federal 

Aviation Administration was directed by the National Transportation Safety Board to 

medically certify civilian pilots after bypass surgery in a number of instances between 

1978-1982. In May 1982, the federal aviation regulations were amended to more closely 

restrict certification for coronary artery disease which either had been clinically 

significant, symptomatic or had required treatment. Most specialists in aerospace medi¬ 

cine consider coronary artery bypass surgery to be a palliative procedure. Bypass 

grafting does not solve the problem of the underlying disease, since the disease sub¬ 

strate remains unchanged. The disease may progress to involve the distal native circu¬ 

lation, the insertion of the graft at the native vessel or the graft itself. The annua) 

graft occlusion rate is approximately 3% per graft, meaning that an individual with two 

grafts has a 6% per annum occlusion rate, and one with three grafts would have approxi¬ 

mately a 9% per annum occlusion rate. Coronary artery disease is a very capricious and 

unpredictable disease, and it is difficult to formulate a satisfying aeromedical policy 

for close surveillance of aviators who have been bypassed. If sich precise estimates of 

needed surveillance could be brought to bear on coronary artery bypass patients, clini¬ 

cians would certainly utilize such strategies in the general population, since coronary 

artery bypass patients are subject to a continuing array of coronary artery disease 

complications. If cardiologists were able to deploy their diagnostic tools with the 

predictive accuracy which is desired, we would certainly do so for all of our patients, 

not just aviators. In this regard, technological prowess, intended to preclude suddenly 

incapacitating events, has been perhaps overstated. Our bypass patients, with regular 

and careful follow-up, still experience complications such as graft occlusion with con¬ 

siderable regularity. Is it reasonable to believe that we can accomplish for our avia¬ 

tors what we cannot accomplish for our other patients? In the view of many aviation 

cardiologists, coronary artery disease of more than minimal degree remains incompatible 
with aviation safety. 
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CASE REPORT JP 

by 

William B. Kruyer, Lt Col, USAF, MC, PS 

USAF Scbool of Aerospace Medicine 

Brooks Air Force Base, Texas 78235-5301 

HISTORY: 

JP was a 42 year old KC-135 command pilot with 3600 total flying hours. When he was 37 years old, a 

mid systolic click was first auscultated during a routine annual flight physical examination and a followup 

local echocardiogram demonstrated mitral valve prolapse. A USAF School of Aerospace Medicine (USAFSAM) 

evaluation was performed in September 1981. At that time he was completely asymptomatic, specifically 

denying chest discomfort, palpitations, dizziness or syncope. Family history was negative for history of 

heart murmur, history of sudden death, cardiac disease, diabetes mellitus and hypertension. He smoked 5 or 

less cigars per day for 17 years. Alcohol Intake consisted of 4-5 beers, 2-3 glasses of wine and 1 mixed 

drink per week. Previously he had drunk 5-10 cups of caffelnated coffee per day, but decreased to 1 cup 

per day when his mitral valve prolapse was diagnosed. He did not follow any regular exercise program or 

any particular diet. Physical examination at that time demonstrated multiple mid systolic to late systolic 

clicks but no murmur. Routine resting electrocardiogram was normal. M-mode and two-ulmenslonal echocar¬ 

diography demonstrated a redundant anterior mitral valve leaflet which clearly prolapsed. He underwent 

treadmill stress testing with a good exercise time and double product with normal ST segment response and 

rare uniform premature ventricular and rare premature atrial beats. Seventeen hours of ambulatory electro¬ 

cardiographic monitoring demonstrated 5-'0 per hour uniform premature ventricular beats. Thallium scinti¬ 

graphy, routine urinalysis and routine sc-eening blood work were normal. In the absence of symptoms, 

evidence of complicating factors of mitral valve prolapse, or other disqualifying defects, a waiver for 

unrestricted flying duties was recommended and later granted. Réévaluation In two years at USAFSAM was 

originally requested. However, his case was reviewed two years later and his waiver extended for three 

more years. He then returned to USAFSAM for his first réévaluation five years after his original diag¬ 

nosis. He was again completely asymptomatic. Since his original evaluation he had discontinued use of all 

tobacco products and eliminated alcohol Intake. However, he had Increased his caffeine Ingestion to six 

cups of coffee per day. He had also begun an exercise program. Jogging 2.5 kilometers per day, two days 

per week. 

PHYSICAL EXAMINATION: 

Height 189 cm, weight 86 Kg, blood pressure 102/60 mmHg right arm sitting, and 104/60 mmHg left arm 

sitting, pulse 60 beats per minute and regular. There was no thyromegaly or adenopathy. Lungs were clear 

to auscultation and percussion. Carotid and peripheral pulses were normal without bruits. Jugular venous 

pulsations were normal and there was no Jugular venous distention. Chest palpation was normal without 

thrills or lifts. Apical Impulse was of normal quality and non-dlsplaced. S1 and Sj were normal. There 

were two mid systolic clicks and a grade 1-2/6 late systolic murmur at the left lower sternal border and 

apex. The clicks and murmur moved closer to S, with Valsalva, sitting and standing and moved further from 

S, in the supine position. 

LABORATORY EVALUATION: 

Routine urinalysis and screening bi.ood work were normal. Total cholesterol was 218 mgi and HDL choles¬ 

terol was 68 mg%, yielding a ratio of 3.2. This was minimally Improved from his Initial evaluation. Chest 

and KUB radiographs were normal and coronary artery fluoroscopy was negative for calcification In the 

coronary arteries. Seventeen hours of ambulatory electrocardiographic monitoring demonstrated occasional 

uniform premature ventricular beats and rare premature atrial beats. M-mode and two-dimensional echo¬ 

cardiography demonstrated a redundant, prolapsing anterior mitral valve leaflet and were otherwise normal. 

Routine electrocardiogram was normal and unchanged from his prior tracing. He performed 15 minutes of a 

modified Balke treadmill protocol with a good exercise effort and good double product. ST segment response 

was again normal. During exercise he had rare Isolated premature atrial beats and rare Isolated uniform 

premature ventricular beats. At approximately two and minute of recovery he had 13 beats of supra¬ 

ventricular tachycardia at a rate over 200 beats per minute; this was Initiated by a premature atrial beat. 

He was asymptomatic during the short run of tachyarrhythmia. Thallium rest and exercise scintigraphy were 

again normal. 

DISPOSITION: 

JP was disqualified for flying duties because of mitral valve prolapse complicated by supraventricular 

tachycardia. Because of this combination, waiver for flying duties was not recommended. 

QUESTIONS: 

1. What Is your aeromedlcal disposition of this case? 

2. If you recommend waiver for flying duties, would you recommend unlimited aircraft or restricted 

to tankers-transports-bombers? 

3. What followup surveillance would you recommend - what studies and at what Irtervals? 

4. What would be your threshold for disqualification In the future If you decide to waiver this Indi¬ 

vidual for flying status now? 
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5. Do you recommend any therapy for the supraventricular tachycardia? 

6-. What are the aeromedlcal concerns In mitral valve prolapse? 

DISCUSSION: 

The aeromedlcal Implications of mitral valve prolapse have been discussed earlier In the course booklet 

and In a didactic presentation. Items of aeromedlcal concern are Incapacitating chest discomfort, signifi¬ 

cant supraventricular and ventricular arrhythmias, development of significant mitral regurgitation 

infective endocarditis, embolic phenomena, and sudden death. Because of all these considerations mitral 

valve prolapse Is disqualifying for entry Into flying training In the United States Air Force without 

waiver recommendation. A trained aviator with newly diagnosed mitral vaive prolapse may be granted a 

waiver for unlimited flying duties in the absence of any of these complicating factors or any other dis¬ 

qualifying cardiac or noncardiac defects. United States Air Force standards and policies regarding mitral 

valve prolapse, particularly for flying training applicants, are currently undergoing intensiv’ study and 

consideration. Transient visual field defects, loss of consciousness, significant stress arrhythmias, 

ventricular tachycardia and ventricular premature beat pairing are significantly over-represented in the 

mitral valve prolapse population followed at USA^SAM. Mitral valve prolapse with any of these comp¬ 

licating factors is disqualifying for ail flying duties without waiver recommendation. 

Wlth v3lve ProlaP3e “Do receive a waiver for continued flying duties are reevaluated at 
USAFSAM at two to three year Intervals for the development or appearance of any of the above complicating 

factors. Continued surveillance throughout their active flying career is necessary, as any of these comp¬ 

licating factors may occur at any time during their life. This is well-illustrated by the case of JP who 

rfct0^s on hls lnltlal evaluation, but demonstrated supraventricular tachycardia during 
dmlll stress testing five years later. A complete nonlnvaslve cardiovascular evaluation is performed 

to screen for these complicating factors of mitral valve prolapse and to also evaluate the aviator for the 

s!r!e?i”!nc-°Ln fv C?rdl3C particularly coronary artery disease. The most Important studies for 
surveillance for mitral valve prolapse Include history, physical examination, ambulatory electrcardlo- 
graphlc recording, echocardiography, and treadmill stress testing. 

Medical therapy for hls supraventricular tachycardia was not recommended because It was an isolated 

a?^hnïa h asymptomatic event. He was advised to avoid possible arrhythmogenlc substances, such as 
alcohol, obacco,caffeine, chocolate and over-the-counter cold medications. 

REFERENCES: 

u . S.: Heart Disease: A Textbook of Cardiovascular Medicine, 2nd Edit.on. Philadelphia, 
W.B. Saunders Company, 198^, 1089-1095. h»**. 

2. Rubinstein, E.: Scientific American Medicine. New York, Scientific American Inc., 1986, XI:7. 

UKH-üÍt DeHart’ R': fundamentals of Aerospace Medicine, 1st Edition. Philadelphia. Lea and 'ebiger, 1985, 
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CASE PRESENTATION 

(CASE SR) 

.SUPRAVENTRICULAR TACHYCARDIA 

Dr. G.W. Gray 

i Col SR la a 41 year old tactical fighter pilot on active flying du^- *ft'r 

that hia pulae waa rapid and Irregularly Irregular. An electrocardiogram confrned the 
„ . P r »♦■niai fibrillation with a ventricular reaponse averaging about 110 beata per 
minute Therfwert changea at that time. He waa admitted to hoapltal and 

within a couple of houra, prior to any pharmacologic or other Intervention, e ever 
normal slnua rhythym. He waa aware of hla palpitations suddenly disappearing, and 

llghtheadedneas at that time. 

For the few days prior to the episode of atrial fibrillation, he had felt somewhat 

=.■ rjn[r;K r:::;, L:“i" 
custom. 

On examination following reversion to sinus rhythm, he appeared healthy »nd apart from 

mild nasal and pharyngeal congestion and a slight conjunctivitis. His t,,,r‘Peratu" W“r^;5 
Celsius, and his puls. TO and regular. The arterial pulse volume an, ^ 

¿ rsrr r, 
", (o.er Uft ^.rnal Mr«r ,t t». -U» Ut«l, r.al.tl,,. Ih, lan,, -.r, =1,.,. *1. 

peripheral pulses were palpable and strong. 

He was kept in hospital under observation for nine days. Routine screening for 

myocardial Infraction Including dally electrocardiograms and =*rd1*“ 
The resting electrocardiograms were quite normal in all respec 

During the first few days in hospital he continued to have symptoms of mild =°rTza- 
After nfë dë5s he was discharged home, feeling quite healthy. The following day. he returned 

to see the Flight Surgeon about returning to flying duties. 

Do vou think LCol RS can be safely returned to flying duties? What further 
ln.„tlSïlôr,.“î do you r,.l Indicated or „dulr.dd 1 Please list ru„h„ t.st, 

you think he should have before reading on). 

Suoraventrlcular tachycardia may cause sudden incapacitation, and even In healthy 
Individuals^*rapld^tachycardias may cause a fall in cardiac output and prasyncop.l symptoms 

structural cardiac abnormalities, endocrine and metabolic predisposing causes for SVT, 
:,St^íl= "iros" .,“,, dl.).. predisposition tou.rd, «. .rr»,t».i. recurren,,. 

An H-aode end 21) .=ko=.rdlo,r» were don. -nlch sno.ed nor.sl ..ntrlcul^u.U notion. 

r.r~r.ritr.‘",rrrn; .r. ?"ru“:u.nr,.r^ srr«' r.::!-™!,, 
.0,..1 

1::::::1:.^::,-:::::00.0, ,:.01.0, St rest o, 55. „„..»d to 70. .11, ,..,=1... 
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A 24 hour ambulatory electrocardiogram showed normal sinus rhythm throughout, 
occasional ventricular and atrial extrasystole. Hematologic and biochemical 

were normal. His thyroid function was normal. Serum electrolytes were norma 

titers showed a mildly elevated titer to a Cpxs*cK.'e virus B. 

with only a very 
screening tests 

1. Acute viral 

With this further Information, what Is your aeromedlcal disposition? When can he return 

to full flying duties as a tactical fighter pilot? Do you think that yet additional studies 

should be performed? If so, please list them below. 

Other possible studies that might be contemplated Include coronary angiography and left 

ventriculography to fully exclude coronary artery disease, and electrophysiologlc studies to 
rule out concealed bypass tracts, to detect abnormal refractory period, and to document unstable 

hemodynamics If the arrhythmia is Induced during the study. Centrifuge exposure to plus Gz 

with ECC monitoring might also be considered. 

LCol RS had a centrifuge study and had a normal relaxed and straining G tolerance with 

only rare atrial extrasystoles during the recovery phas ;. He was In fact grounded .nltla y 

while Investigations were being carried out and then (al out 2 months after t.e «Piso « ’“!!*. 
returned to dual flying only for a further 6 months of observation. He had no further symptoms, 

and It was assumed that the episode may have been related to a minor degree of myo-or 
pericarditis associated with a Coxsackie Infection. He was subsequently returned to full 

flying duties. 

Reference 

1. Hickman, JR. Disposition of Electrocardiographic Abnormalities In Aviators. AGARD Report 

681:11-1 to 11-13, 1980. 

4 L 
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CASE 

James R. Hickman, Jr., Col, USAF, MC, SFS 

Chief, Clinical Sciences Division 

United States Air Force School of Aerospace Medicine 

Brooks Xir Force Base, Texas 7823Í-5301 

R.S. is a 35-year-old aviator whose annual electrocardiogram revealed a newly ac¬ 

quired complete left bundle branch block. He was tota' ly asymptomatic from a cardio¬ 

vascular standpoint. He had experienced no episodes of weakness, syncope or near syn¬ 

cope. He w*s a lifelong nonsmoker and jogged 25 miles per week. There was a strong 

family history of adult-onset diabetes mellitus. His father died of a cerebrovascular 

accidtnt at age 44. His mother was diabetic at age 70, and his maternal grandfather 

died of a riyocardial infarction at age 55. The physical examination was within normal 

limits except for a paradoxical second heart sound. Routine screening laboratory data 

revealed normal blood sugars, a cholesterol of 196 mg% and an HDL cnolesterol of 52 mg%. 

The electrocardiogram revealed a complete left bundle branch block. Echocardiography 

revealed only a septal paradox. Exercise testing revealed no arrhythmias and normal 

exercise tolerance. The ST segment was uninterpretab 1e because of the left bundle 

branch block. A 17-hour Holter monitor revealed no evidence rf AV block or arrhythmia. 

A thallium scintigram was abnormal with septal reperfusion. 

2. 

3. 

What is your aeromedical disposition? 

What is known of acquired left bundle branch b'ock 

What studies do you feel are needed to make a final 

this case? 

in asymptomatic males? 

aeromedical disposition m 

This aviator underwent coronary arteriography and left ventriculography, both of 

which were normal. An e1ectrophysiojog ic study was likewise normal with an H/ interval 

of 52 msec and an HQ of 65 msec. The HV interval ringed from 55-65 msec during atrial 

pacing. The HV was also normal during programmed atrial stimulation. This aviator was 
returned to unlimited flying status. 

Discussion of Case R.S. 

Left bundle branch block occurs in approximately 2 aviators per 1,000 under the age 

of 50. Right bundle branch block occurs in approximately 6 aviators per 1,000 below age 

50. USAFSAM now has a lengthy experience with acquired asymptomatic left bundle branch 

block in otherwise healthy males. Seventy-three percent of all asymptomatic acquired 

left bundles in USAF aviators have had no evidence of underlying organic heart disease 

on initial evaluation and during extensive follow-up. Twenty-two percent were found to 

have coronary artery disease, and 5% were disqualified due to other causes. Orly one 

aviator in over 300 subjects followed long-term developed complete heart block. The 

abnormal thallium scintigram, especially septal reperfusion, is quite common in indivi¬ 

duals with left bundle branch block, even in the absence of coronary artery disease. 

The presence of abnormal thallium scintigrams in aviators with left bum’le branch block 

and normal coronary arteriograms suggests that the basic defect in such asymptomatic 

subjects may be a p ocess that is not confined to the conduction system tut may stem 

from a common ptocers ffecting both myocardium and specialized conductiii tissue. All 

available data indicate that aviators with left bundle branch block, in the absence of 

organic heart disease, may be returned safely to flying status. 
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RIGHT ^BUNDLE BRANCH BLOCK 

Dr. G.W. Gray 

Captain RB is a 37 year old Air Force aviator who has always enjoyed excellent health. His electro¬ 

cardiogram done at the time of initial aircrew selection at the age of 17 showed an incomplete form of right 

bundle branch block, and this has been a consistent finding on his aircrew ECG’s throughout his career. The 

PR interval over this 20 year span has also been consistent at 0.16 seconds. 

This year his aircrew electrocardiogram is changed, now showing a complete right bundle branch block 

with a PR interval of .16 seonds, and a QRS duration of 0.12 seconds. 

He has had no symptoms of a cardiovascular disturbance. Specifically, he has had no symptoms of 

syncope or presyncope, and his tolerance to G has not noticeably changed. He has had no rhest discomfort 

even with extreme exertion, and no claudicai ion. He keeps himself fit by jogging in the summer, and in 

the winter by playing ice hockey. 

He is a non-smoker, and has not had documented high blood pressure in the past. Total cholesterol 

levels have been normal. He has had several episodes of gout and is currently taking 300 mg per day of 

allopunnol. There is no family history of heart disease except in later life (8th decade). 

On examination, he is moderately overweight at 90 kg for his height of 180 cm. His w’ood pressure 

is 120/70 mraHg. His resting pulse is 70 beats per minute and is regular, and the arterial pulse volume 

arid contour are normal. The fundi appear normal. The venous waves in tre neck are normal. The apex 

beat is normally situated, and is of normal contour. Tnere are no clicls, extra heart sounds, or mvrmurs 

on lusculation. The second heart sound is widely split but closes with expiration. All peripheral pulses 

are normal. The lungs are clear on percussion and auscultation. 

What are your recommendations regarding additional investigations for this aviator with newly acquired 

right bundle branch block? (please list) Can he continue to fly with this change in his electrocardiogram? 

An exercise stress test is carried out to maximum perceived exertion. He has a high estimated 

maximum oxygen uptake. He achieves a maximum heart rate of 180 beats per minute. The i’R interval remains 

constant, as does the conduction pattern. There are no ST nor T wave changes, and no arrhythmias develop. 

An exercise thallium study is also carried out, and there is no evidence of a fixed or reversible per¬ 

fusion defect. A 24 hour ambulatory electrocardiogram shows no arrhythmias or ectopic activity. 

With this additional information, can he now be returned to full flying duties? If not, what 

add'tional information do you require? 

Acquired right bundle branch block in otherwise healthy individuals develops at a distol site in the 

right bundle and is not of itself a harbinger of more serious types of conduction disturbance nor of coron¬ 

ary artery disease. Given a normal non-invasive cardiovascular evaluation such as Captain RB has had, 

aviators with acquired RBBB as the sole abnormality can safely be returned to unrestricted flying duties. 

In the presence of other type of conduction disturbance e.g. first or seond degree AV block, additional 

investigations such as electrophysiologic studies will be required. 

REFERENCES 

1. Rotman, M. , and Triebwasser, J.H. A clinical and follow-up study of rijht and left bundle branch block. 

Circulation 51: 477, 1975. 

2. Lancaster, M.C., Schecter, E. and Massing, G.K. Acquired complete right bundle branch block without 

overt cardiac disease: Clinical and hemodynamic study of 37 patihnts. Am. J. Cardiol. 30: 32, 1972. 
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CASE N.S. 

James R. Hickman, Jr., Coi, USAF, MC, SES 

Chief, Clinical Sciences Division 

United States Air Force School of Aerospace Medicine 

Brooks Aij: Force Base, Texas 78235-5301 

N.S. is a 42-year-old fighter pilot, evaluated because of nonspecific serial ST-T 

wave changes on the annual electrocardiogram. A treadmill test performed in follow-up 

of these changes was abnormal due to 1 mm of ST segment depression during the ninth to 

eleventh minutes of exercise. He remained entirely asymptomatic, and there was no his¬ 

tory of chest pain, shortness of breath, orthopnea, palpitations, syncope or edema. All 

other noninvasive studies, including an echocardiogram, Holter monitor, chest x-ray, 

apexcardiogcam and phonocardiogram were within normal limits. An exercise thallium 

study was within normal limits. The exercise tracing, performed in conjunction with 

this second stress test, revealed 2 mm of ST segment depression in the precordial leads. 

Cardiac catheterization was undertaken for aeromedical indications, revealing a discrete 

75% proximal left anterior descending coronary artery lesion, as well as a mildly hypo¬ 

kinetic anterior wall. A MUGA study revealed an appropriate rise in the ejection frac¬ 

tion with very mild wall motion abnormalities of the anterior wall. 

What is your aeromedical disoosition of th.s significant coronary lesion? 

Are there any therapeutic interventions which could conceivably return this aviator to 

flying status, in your opinion? 

This aviator underwent a second cardiac catheterization, in anticipation of per¬ 

forming a balloon angioplasty on the 75% lesion. Upon crossing the left anterior 

descending stenosis, only a 20 urn gradient was found. A 4 mm balloon was inflated to a 

maximal pressure of 6 atmospheres. The resulting stenosis was 30% with a translesion 

gradient of 6 mm. Repeat coronary arteriograms performed six months after the coronary 

angioplasty revealed that the lesion had remained at 30%. The aviator had been main¬ 

tained on Verapamil, 360 rag per day, and aspirin during the six months following the 

angioplasty, in order to prevent coronary artery spasm at the site of the angioplasty. 

On a trial basis, this aviator, along with two other aviators, received waivers for 

nonhigh-performance flying following coronary angioplasty of a discrete, asymptomatic 

les ion. 

What concerns do you have about the granting of a waiver for flying fo.1 lowing coronary 

angioplasty? 

Would you have qualified this aviator with only a 6 mm gradient across the lesion for 

high-performance flying? 

Discussion : 
Between 1980 and 1982, the USAF granted nonhigh-performance flying waivers for 

especially selected cases of single-vesse1 coronary artery disease which had been suc¬ 

cessfully dilated with angioplasty. Following six months of observation, and a repeat 

cardiac catheterization confirming the patency of the angioplasty, such cases were 

suitable for flying waivers as cases of minimal coronary artery disease. Prior to 1976, 

no cases of coronary artery disease of any degree had been returned to flying status by 

the USAF Surgeon General. Since 1976, we have returned cases of asymptomatic minimal 

coronary artery disease to nonhigh-performance flying if the subjects were asymptomatic, 

no lesion was greater than 30% and the sum of lesions was not greater than 50%. Under 

this category of minimal coronary artery disease, successful angioplasty was included 

for aeromedical purposes. 

In the USAF, we discontinued waivers for coronar- balloon angioplastv in 1982. The 

three individuals who were returned to flying remained well and had no recurrence of the 

lesion. The discontinuation of coronary angioplasty for aviators with mild to moderate 

disease was based upon: 1) the relatively high recurrence rate of 30% in six months, 

although recurrence was not observed in our three aviators. The performance of coronary 

angioplasty in an asymptomatic individual for solely occupational reasons must weigh the 

risks of the procedure against recurrence of the lesion, or worsening of the lesion; and 

2) observations in several clinical centers, including those of Dr Andreas Gruntzig, 

inventor of coronary angioplasty, revealed that recurrence of stenosis in lesions which 

were 50% or less prior to angioplasty often resulted in stenoses which were worse than 

the original lesion. These observations have lead many cardiologists to refrain from 

performing balloon angioplasty on mild to moderate lesions. 
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The ÜSAF is closely observing advances in coronary 

angioplasty. Perhaps a combination of these clrrently, civil avratxon 

T:tZTtTesVirePTsTill IVrTtl cases lQf balloon dilatatron functional testing 

(treadmill and thallium) are normal. 

A 



5-10 

CASE R.C. 

James R. Hickman, Jr., Col, USAF, MC, SES 
Chief, Clinical Sciences Division 

United States Air Force School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235-5301 

r C isa fighter pi lot who underwent a treadmi 1 1 test at age 40 at his local base 

0f^tr:;d:itlC^ei"li-«S::s: was'a^rmar-ith l-2e[^of ST -qn-ent 
6‘7 7’0 ' y and CM5 A thallium perfusion scan was normal as were all other 
depression in leads X and C”5; performed with a thallium scintigram was 
nomnvasive tests. A second treadmi 1 1 te P m leslon 0f the proximal left 
also abnormal. Coronary angiography r«Vealed narroJinq of the first circumflex marginal 

branch- ^--^-er without a history of 

hypertension. There was no family history of premature coronary events. 

1. what is yoir aeromedical disposition? 

2 if you wished to consider a special flying waiver, what conditions do you wish to 

attach to this aviator's certification to fly? 

3. ,„w a. yau ...» «- .»oUicc o, ,. «..»iU «o, .»V 
noninvasive test) in an aviator with minimal coronary artery d.sease 

considered for continued flying status? 

4. if you choose to return this aviator to fly, what specific tests and at what speci¬ 

fic intervals do you require? 

5. When would you perform repeat angiography for aeromedical purposes? 

6. What would be your threshold for removal of this aviator from flying status in the 

future? 

This aviator underwent repeat cardiac catheterization at age 43 with no significant 

angiographic progression a£^ tn^lniUa l^^V^ -d tU’e years* after 

Se'second catheterization, the thallium perfusion scan remained normal and th« ^read- 

mill test revealed 2.5 mm of ST segment depression the ^ox- 

cardiac catheterization 0Ttwo'add i tlonTl P1 es^ ons of 30% and 40% in 

waÍ ^al^ow^"3to'*'* 1 y ifn^he 
the discovery of minimal coronary artery disease. He was disqua11f led from all cate 
gories of flying following the third cardiac catheterization at age 46. 

DlSClTr^ë Performs noninvasive studies on significant numbers of ¡L, 

aviators to flying status with no single angiographic lesion greater than 30%andno 

.r,r.r,r 
annual noninvasive evaluation at U3AFSAM and a repeat cardiac catheterizat 
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fied intervals. Aviators were excluded from the Minimal Coronary Artery Disease Study 

Group if any lesion was greater than 30% or the sum of lecions was greater than 50% or 

if there was any left main coronary artery disease, symptoms suggestive of ischemia, 

suspected myocardial damage, any significant arrhythmia, valvular heart disease includ¬ 

ing mitral valve prolapse, any evidence of left ventricular dysfunction, diabetes melli¬ 

tus, hypertension unresponsive to dret or thiazide therapy, significant conduction de¬ 

fects or recent left anterior or posterior hemiblock or preexcitation. The entry cri¬ 

teria were also contingent upon a willingness to undergo serial follow-up catheteri¬ 

zations. A repeat cardiac catheterization was mandatory within three years of the ini¬ 

tial diagnosis. A decision to perform a repeat catheterization at less than three years 

was dependent upon deterioration of noninvasive testing. Aviators initially selected 

for flying under these conditions could be subsequently disqualified, after entry, if 

any of the conditions which were disqualifying for initial entry occurred or because of 

refusal to undergo annual cardiac catheterization or failure to attempt risk factor 

modification. In the first 326 aviators with gradeable angiographic disease at USAFSAM 

(any lesion greater than 10% narrowing), 90 aviators had minimal coronary artery disease, 

31 had intermediate coronary disease with lesions between 30-50% and 205 had significant 

coronary disease with at least one lesion narrowed by 50% or more. Of the 90 aviators 

who had minimal coronary artery disease at angiography, 61 met the study group criteria 

and 29 were determined ineligible. Of the 61 eligibles, 48 remained on flying status 

with 32 currently flying. Sixteen retired while still on flying status; thirteen were 

subsequently disqualified for flying duties. Eighteen aviators underwent repeat cardiac 

catheterizations; thirteen of these were study group members still on flying status, of 

whom ten aviators continued to meet the angiographic criteria for minimal coronary 

disease. Three of the thirteen progressed to significant coronary artery disease. 

One hundred percent follow-up was obtained on the total 90 aviators with angio¬ 

graphic minimal coronary artery disease. Only 6 of the 90 aviators with minimal disease 

had coronary events (angina, infarction or sudden death'. In the six aviators with 

events, the average time from the initial cardiac catheterization to the coronary event 

was 7.7 years. The earliest event was 5.8 years. The expected event rate, based upon 

the Framingham formula, was not different from age-matched controls. It is the opinion 

at USAFSAM, based on our follow-up experience of individuals with minimal disease, that 

such individuals may be returned to nonhigh-performance flying status without an in¬ 

creased risk of sudden incapacitation or death. If stringent annual noninvasive exami¬ 

nations are performed and cardiac catheterization is performed at a minimum of three- 

year intervals, a strong case can be made for the maintenance of categorical flying for 

minimal coronary artery disease subjects. 
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PULMONARY PHYSIOLOGY AND PULMONARY FUNCTION TESTING IN AEROSPACE MEDICINE 

G .W. “Gray , M .D . ,Ph.D. ,FRCP(C) 

Surgeon General's Consultant in Aviation Medicine 

Defence and Civil Institute of Environmental Medicine 

1133 Sheppard Ave. W. 

P.0. Box 2000, Downsview, Ontario 

M3M 3B9 

Respiratory diseases may have serious consequences in the aviation environment, ranging from life 

threatening incapacitation (e.g. tension pneumothorax), through to aggravation of hypoxia, acceleration 

atelectasis and perhaps lowered G tolerance in individuals with relatively minor degrees of pulmonary 

dysfunction caused by subtle degrees of small airways disease. 

This presentation will review some concepts of respiratory physiology which are of particular 

relevance in the aviction environment, and discuss current methods of pulmonary function testing which 

can be applied to detect asymptomatic disease in screening aircrew- 

Aviation__Medica 1 Probl_ems_ Caused or Aggravated by Pulmonary Disease 

Pneumothorax 

Hypoxia 

Acceleration Atelectasis 

Aeroembolism 

HYPOXIA CAUSED BY AVIATION - INDUCED PULMONARY DYSFUNCTION 

Respiratory disease and dysfunction aggravate aviation-related hypoxic hypoxia, mainly by interfering 

with gas exchange through ventilation/perfusion mismatch. Oxygen delivery to the tissues is a function of 

three variables, namely cardiac output (or-regional blood flow), hemoglobin concentration, and hemoglobin 

saturation with oxygen. Advanced respiratory disease may interfere with cardiac output, hut in aircriw, pul¬ 

monary dysfunction compromises oxygen delivery by interfering with gas exchange and hence hemoglobin saturation. 

It might be helpful to briefly review the "oxygen cascade", following oxygen tensions from atmosphere 

through to tissue, to clarify the mechanisms by which respiratory diseases contribute to hypoxia. 

Figure I is a diagrammatic representation of oxygen tensions at each step in the "cascade" from 

atmosphere to tissues. Pulmonary dysfunction can act at two stages to decrease arterial and hence tissue 

oxygen tensions, first, by reducing alveolar ventilation, and secondly, by interfering with gas exchange. 

Although global alveolar hypoventilation resulting from a variety of neurologic and neuromuscular disease 

states may cause hypoxia in a clinical setting, this is a rare and unusual cause of hypoxia in aviators. 

Distortion of chest wall/diaphragm mechanics by influences such as respiratory straining manoevers, positive 

pressure breathing, positive pressure breathing jerkins and abdominal bladders in anti-G garments, and 

abdominal and chest wall distortion during HSG potentially could cause alveolar hypoventilation, but this has 

not been documented. Aviation stressors cause hypoxia primarily by interfering with ventilation and 

perfusion matching. 

PBAR ^.02 

FIGURE l 



6-2 

VENTILATION-PERFUSION MATCHING AND GAS JXÇHAJH&AVIATION 

While right to left shunts and diffusion limitation can affect gas exchange and reduce arterial oxygen 

saturation, in aviation these two factors rarely play a significant role in causing hypoxia. Ventilation- 

perfusion matching on the other hand is markedly sensitive to gravitational forces and to pressure breathing 

and hence is frequently subject to distortion in the military aviation environment. Minor degrees of airway 

dysfunction which may be of no consequence in a normal clinical setting may become significant when combined 

with acceleration forces and positive pressure breathing. Glaister has extensively studied the effects of 

acceleration on pulmonary function, and has written excellent reviews on the subject (1,8). 

Figure 2 shows the normal distribution of ventilation and perfusion in the upright lung in a one G 

environment, and the resulting ventilation-perfusion ratios. There is a gradient for both ventilation and 

for perfusion from top to bottom of the lung, with the bases being both better ventilated and better per¬ 

fused than the apices. Both these gradients are a result of the effect of gravity. Ideal matching of 

ventilation and perfusion occurs in only a small region of the lung. Above this, ventilation exceeds per¬ 

fusion, and the excess ventilation contributes to alveolar dead space. Below the ideally matched region, 

perfusion exceeds ventilation, and contributes to venous admixture and hence arterial hypoxia. 

Dis tribution of V enti lation 

In the case of ventilation, the weight of the lung within the thorax creates a gradient for pleural 

pressure, with the pleural pressure being significantly more negative (about 10 cm H^O) at the lung apex 

than at the base. The effect of this pleural pressure gradient is that different parts of the lung operate 

on different parts of the pressure-volume curve, as indicated in Figure 3, with the bases undergoing a 

significantly greater volume change for a given pressure change, under normal tidal breathing conditions. 

Pleural 
pressura (FRO Pleural 

pressure 

FIGURE 3 (from West) FIGURE 4 (from West) 
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At low lung volumes, with higher transpulmonary pressures, the lung bases operate on the bottom of the 

pressure-volume curve, and in fact the most dependent airways are closed. Breathing with small tidal volumes 

at low lung volumes (near residual volume) results in inspired gas going almost exclusively to lung apices 

as indicated in Figure 4. Increased "+Gz" forces may cause a similar circumstance by altering the pleural' 

pressure gradient, and as shown in Figure 5, at higher levels of G, ventilation is mainly distributed to the 
hilar areas with the lun&. bases being very^poorly ventilated. 

T ranspulmon ,r\ prcssuresai four within j »O-cm tall lung of specific gravnv 

0 :< arc indicated on the lung n pressare volume curve for an acceleration ol * H, The regional 

volume change* u Af i which would follow a uniform increase in transpulmonarv pressure of 

5 cm H ,() arc indicated and plotted on Ihc inset diagram 

FIGURE 5 (from Glaister) 

Distribution of Perfusion 

In the pulmonary circulation, because cf its low pressures (compared with systemic), a similar gravi- 

iahn°u!!rP^8ir! gradce!it lS created- Wlth the base o£ the heiog much better perfused than the apex. 
“ " ’ escribed a model which relates alveolar pressure, pulmonary arterial pressure, and pulmonary 

venous pressure in four distinct zones' from lung apex to base. Since this model has some lelevance when 

innsomerdetaiI6(Figure b)6“““ ^ 8raVltatl°nal f°rCeS Ulth Positive Pressure breathing, let’s examine it 

FIGURE 6 

(from West) 

zone I, at the apex, alveolar pressure exceeds both pulmonary venous and pulmonary arterial pre 

is very little blood flow. In zone II, moving down the lung towards the hilum, gravitational f 

arterial pressure which now is greater than alveolar pressure, although this is still higher tha 
VPnniicnvcaceiivn Cl_ _ 1.-.-..- ., . .. ° 

ssure, 

forces 

than 

In zone I 

and there 

increase art 

pulmonary venous pressure. In zone II, flow is determined by the gradient between arterial and âîveôur'pres- 

sures, ( as in a Starling resistor) and hence flow increases rapidly dowr. the zone as arterial pressure in- 
creases. In zone III, both pulmonary arterial and venous pressures exceed alveolar 

determined by the normal arterial-venous pressure difference. 
pressure , 

pressure m- 

and flow is 

In the most dependent lung zones, a region of decreated flow is often seen, known as zone IV. The de¬ 
creased flow in this region can not be explained solely on the basis of arterial, alveolar and arterial 

pressures. It is postulated that the decreased flow is due to an increase in the vascular resistance of 
extra-alveolar vessels. 

Consider the potential impact of increased gravitational forces, and of positive pressure breathing 

on the distribution of blood flow as predicted by this model. Increasing "+Cz,, forces reduce pulmonary 

arterial pressure through zone I and II, and hence flow in these areas decreases and is redirected through 

zone III Figure 7 (from Glaister) shows the effect of +Gz acceleration on the distribution of perfusion 
down the lung. r 
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FIGURE 7 (from GlaisterJ 

Whinnerv (4) has beautifully demonstrated the effects of acceleration on pulmonary blood flow in 

miniature swine at levels of G varying from -4Ca to +8GZ confirming the extending previous observations 

by Glaister (5) and Bryan (,6). 

Positive pressure breathing, which increases alveolar pressure, has a similar effect on blood flow, 

pushing zones I and II further down the lung, and redirecting blood flow to lung bases. 

The Effect of Increased Gravitational Forces on Gas Exchange 

Since with increasing gravitational forces blood flow is redirected increasingly to lung bases, 

while at the same time ventilation is directed away from lung bases, ventilation and perfusion become 

increasinglv mismatched, «s shown in Figure 8. Increasing amounts of venous admixture develop in lung 

bases, where V/Q ratios drop to exceedingly low values as -Klz increases, and this produces increasing 

levels of arterial desaturation. The contribution to reduced G tolerance of this hypoxia caused by 

pulmonary dysfunction has not been precisely documented, but clearly this mechanism may play a significant 

role. 

Vcniutl di\ifihuimo ul relative veniilaiion-perluaion ratio» at dilterinf level» ol 

* <i at celer a lion The prediction lor »ci*hilc»»ne»» »a» obtained bv ciirapolaiinf Wood How 

per unit >olumc and ventilation fxrr unit volume data hncfc to «to t. iFrom GLmter l**?» I 

FIGURE 8 (from Glaister) 

ACCELERATION ATELECTASIS 

Acceleration atelectasis occurs in aviators who breathe high inspired -xvgen concentrations while 

exposed to high sustained G. Because of the increase in transpulmonary pressure caused by the increased 

+Gz airway closure occurs in dependent lung zones. If the gas trapped peripheral to the closed airways 

has'a high oxygen concentration, rapid absorption occurs and atelectasis develops. Inspired oxygen con 

centrations greater than 70* can result in aeroatelectasis (7). Symptoms include chest pain, coughing 

episodes that are difficult to suppress, and difficulty taking a deep breath. 

Understanding the pnysiology of acceleration atelectasis involves a grasp of why 

remain closed at HSG. Airway closure can be measured by means of a sinfle-breath inert 

as Che nitrogen washout curve (Figure 9). 

airways close and 

gas washout, such 
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In this test, expired nitrogen concentration is monitored along with volume as the subject breathes out 

after a vital capacity inspiration of pure oxygen. Near the end of the expiration, there is a sudden sharp 

rise in nitrogen concentration as the airways in the dependent parts of the lung close. The remaining gas 

expired after the dependent airways close comes from upper lung zones which are more rich in nitrogen, be¬ 

cause m this region which is less well ventilated than lower zones, the residual nitrogen is less diluted by 

the inspired pure oxygen. The volume under the terminal nitrogen rise is called the "closing volume". 

Glaister (8) has measured closing volumes in subjects exposed to acceleration on the centrifuge, and 

has demonstrated that closing volume increases with increasing +Gz, so that above +3Gz, closing volume’ 

exceeds functional residual capacity and eventually inspiratory reserve volume. In this situation, depen¬ 

dent airways remain closed throughout the tidal breathing range and atelectasis can develop within a few 
seconds in subjects breathing pure oxygen. 

Acceleration atelectasis is a potentially serious problem in the high sustained G environment, causing 

symptoms that are at the very least distracting while also causing a further perturbation to an already badly 

distorted gas exchange system, contributing further to hypoxia, desaturation, and impaired G tolerance. 

Closing volume increases with age, in smokers, and in other persons with small airways disease, and 

such individuals must be at increased risk of acceleration atelectasis. Screening for small airways disease 
is discussed in the next section. 

PULMONARY FUNCTION SCREENING IN AIRCREW 

Ideal gas exchange occurs only in alveoli where ventilation and perfusion are appropriately matched. 

Even in the normal lung under basal conditions such circumstances occur only in a very limited region. We 

have had some discussion as to how the stresses of acceleration can greatly interfere with ventilation and 

perfusion distribution and hence with gas exchange, and can produce hypoxia which can reduce tolerance to G. 

Perturbations of lung function caused by disease, even if asymptomatic, can further complicate the 

situation. Individuals with small airway dysfunction from whatever the cause will, potentially at least, be 

more hypoxic for any given G exposure and hence have a lower G tolerance, will be more susceptible to acce¬ 

leration atelectasis and its associated problems, and even in those flying environments where acceleration 

is not a consideration, will tend to be more hypoxic in a situation of reduced inspired oxygen tension. 

With these considerations in mind, it makes a good deal of sense to screen potential military aircrew 

candidates, especially those slated for fighter operations, for asymptomatic small airways disease. The 

problem lies in identifying which tests of airway function, if any, have sufficient sensitivity and specifi¬ 

city to be applied to detect airflow limitation, either persistent or variable, in an asymptomatic population 

Pulmonary Function Tests for _SmaH _Ai_ruavs^_Disease 

1. Measurement of total airways resistance. 

2. Forces expiratory curves 

a. Volume-time curves , 

b. Flow-volume curves 

3. Single-breath nitrogen washout curves. (SENT) 

4. Measurement of lung volumes. 

Stimulation tests of airway reactivity. 5. 
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Total Airvays Resistance 

This measured as the ratio of the pressure drop between mouth and alveoli divrded by the £|°“rate' 

It is generally measured usrng a body plethysmograph, and a two-stage Pan“"8 technique wi h a f o 

■nterruptor The advantage of the method is that it measures resistance at normal flow rates, and 

ihe tidal volume range. The main drawback is that the method measures the total airways resistanc , 

Err -- sä.» ää: «EEEHr 
early, asymptomatic small airways disease. 

Forced Expiratory Curves 

Forced expirations may be analysed either as changes in volume versus time (volume-time curves), or as a 

plot of flow rate against volume (flow-volume curves), as illustrated in Figure 10. 

VOlUMC 

FIGURE 10 

Forced expirations may themselves affect bronchial muscle tone, and so these manoevers may induce 

changes in the very parameters they are trying to measure. However, they are widely u8ed ind 

are relatively easy to perform. Common parameters derived from the volume-time curve include the FEVj, 

or forced Expiratory volume in one second, the MMFR, or maximum mid-expiratory flow rate and the ratio 

of FEV to the totH forced vital capacity or FVC. Conmonly derived measurements from the tlow-volume 

curve Ice the peak expiratory flow (PEF), the flow rate when 50Ï of the forced vital capa^ 38 ^ 

expired (Vmax ) , or when three quarters of the volume has been expired (termed Vmax^, because .5¾ 

the FVC remainr to be expired). 

A modification of the flow-volume curve has been to compare maximum flows when breathing air or an 

with normal airways, in whom most of total airways resistance is central have considerable increased 

expiratory flow rates with heliox, when compared with air. An increase of at least 201 in the Vmax^ occurs 

in normals. 

FICU.E 11 
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SinRie-breath Nittogen Waahout Test_ (SENT) 

FiBU„^|S “9t.ha* already been brlefly described in the discussion on acceptation atelectasis (see 
show^ f! ' . n‘tro*en concentration measured after a vital capacity inspiration of 100X oxygen 
shows four distinct phases. In Phase I. which is very small, nitrogen concentration is- almost tero re¬ 
presenting pure oxygen coming from large central conducting airways (dead-space). In Phase 11 there is 

alveolarer ln,nUr0gen C°nc'ntratl»n as ^eolar gas mixes with dead space gas. Phase III represents 
alveolar gas and in normal subjects has a slight upward slope. As residual volume is approached the 
airways in dependent lung zones close, and the final expired volume comes from upper lung zones rel¬ 
atively rich in nitrogen, with a consequent rapid rise in nitrogen concentration. The volume of this 
final expirate is called Phase IV, or the "closing volume". Total lung capacity and residual volume can 
be derived from this curve by measuring the area under the curve and applying the alveolar dilution 
principle. The sum of residual volume and closing volume is termed "closing capacity". 

The test is simple, easy to perform, and is widely used as a test of early small airways disease. 

Measurement of__S_tatl£_Lung__Vo 1 umes 

rha„„ a1"1* V°lum^,can be raeasured fairly easily with a variety of techniques and do indeed show 
changes in advanced small airwavs disease, the problem is that the measurement of lung volumes is not 
a sufficiently sensitive technique to detect early small airways disease. 

F^re_<^uencv_ Dependence of Compliance 

nf yhist«8C -casures lung compliance at different breathing frequencies, and is a sensitive measure 

ballooi ralrV,ayS l9eaSe accurate measurement requires the subject to pass an esophageal 
balloon to accurately measure intrathoracic pressures, so while the method is applicable in a research 
setting. It can not be applied in the widespread screening of aircrew. «search 

Tests of Airway Sens!tivitv 

,., sensitivity can be measured by means of inhalation provocation tests, in which the subject 
cTä ll" graduaUy/ncreaa-* doses a xnown respiratory irritant such as histamine or methLnoUnÍ 
but the rJ,sr ° ' “Z" Speclflc aUe,-8ens or occupational irritants in specific applications, 
but the most commonly used and standardized tests are the methacholine and histamine challenge tests 

tZhisZ a"d Sta"dardS for these tests have deen published (9). Methacholine is somewhat preferable 
to hlstaœlne in that the side-effects are less pronounced, but in general, both tests are safe reproducible 

crew cand H l ^ P-“-1“1* helpful in the assessment of airway sensÍtwitZ" air¬ 
crew candidates by providing an objective measurement in applicants who have a history oi asthma or sieni- 
icant atopy in childhood, and who may tend to downplay recent symptomatology. ® 

cholineIndeliveredrthrnthhCh0liK*1Challeng! the 3UbjeCt breathe' increasing concentrations of metha- 
minutes Ind rh h t nebulizer with a known fixed output. Each concentration is breathed for 2 
rZnons’ then pertorms an FEV This is compared with baseline values, and a positive 

C°in2 - —b°-ne required 

sitivity, and below 8.0 mg/ml are suggestive. 
Values below 4.0 mg/mi indicate increased airway sen- 

Assessment of Tests ^l__Sma_U__Aiay Function 

mimh.rTh! «"sitivity and specificity of various tests of small airway function have been addressed in a 

results Ind foind'thatZh ^ ^ bist°Pathologic findings at lung bios.y with pulmonary function 
results and found that the comparison of flows from air and heliox flow volume curves provided the most sen¬ 
sitive means of detecting small airways disease based on flow volume mai-oevers. MMFR. FEV /FVC ratios nd 

""“50 be^a ab"ormal as “«e severe grades of small airways disease were noted hist^athilogicluy The 
gle breath nitrogen test was found to be comparable in sensitivity to the air,heliox flow Volume curves. 

Berend et al (11) studied the reproducibility of histopathologic measurements of small airways disease 
and compared antooic findings with functional tests. Air/heliox flow volume curves were not assessed. They 

he bestir d > Z ^ COrrelated best ulth their Total Pathologic Score, but that the SENT was 
between the SBN^nd rh r7atl°n' hÍgheSt correlation between structure and function was 
sZZno and the inflammation scores. Abnormalities in the SENT have been shown to reverse after 

bronchiolitis “lght be exPUlned by a reversibility of tobacco-induced inflammation and 

Dosman (13) used the FEV /FVC ratio as tc establish a reference diagnosis, and studied the specificity 

“ »r-in 

..-Ä-Är.; nt:;.“:,-:::,,1,stä; :::1::,:-11 
reversible. None of these tests combine a high degree of specificity and sensitivity and it seems best at 

hlliox to d*r abatt:ary °f te8ts including the SENT, and maximum expiratory flow-volume curves on air and 
heliox, to detect early asymptomatic small airways disease. 
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AEROMEDICAL DISPOSITION OF PULMONARY SARCOIDOSIS, 
CHRONIC OBSTRUCTIVE LUNG DISEASE, 

REACTIVE AIRWAY DISEASE AND SPONTANEOUS PNEUMOTHORAX 

Group Captain David H Hull, RAF 
Consultam Adviser in Medicine 

Central Medical Establishment, Royal Air Force, 
Kelvin House, Cleveland Street, London W1P 6AU 

SUMMARY 

Four respiratory diseases are described in relation to aviation medicine. 
Each is discussed in the context of flying safety, operational eificiency, 
and problems of treatment. Guidelines are offered for decisions on manage¬ 
ment and disposal of aircrew candidates and of trained aircrew w o 
history of one of these diseases or who develop the disease during their fly- 

ing career. 

INTRODUCTION 

The four diseases of the title are all important causes of restrictions or disquali¬ 
fication amongst aviators. None are as common as the acute bacterial and viral respira¬ 
tory infections such as bronchitis and pneumonia, but none of the four are rare. Th^h 
diagnosis, treatment, follow-up and appropriate aeromedlcal disposition are importan 
the flight surgeon and other specialists cone ,-ned with aircrew health. 

The significance of these four diseases for aviation medicine will be dealt with 
under three headings. The first is sudden or insidious incapacitation, which would 
directly threaten flight safety by impairment of the aircrewman s mental or physical ^ 
efficiency. The second is operational efficiency, which covers all^aspects^of^the^a^ 

surgery) which requires continued co-operation by the patient, administration by appro- 
príate specialists, and constant monitoring for unwanted effects which are like y themse veS 
to be hazards to flight safety. The effects of some drug treatments preclude flying duties 
during their administration; even with drugs considered sale for aviators, a period oí 
grounding during their initial administration, in case of unforseen or idiosyncratic advers 
reactions, is almost always advisable. 

The standards described will in general be appropriate for single-seat operations in 
high-performance aircraft. Some relaxation may be possible for pilots of transport or 
tan'ter aircraft, or for navigators, engineers and other flight-deck crew. Waiver policy 
will be more liberal with cabin crew. In almost every instance, somewhat .ess s .nngent 
standards will apply to civil aircrew than to their military counterparts. 

SARCOIDOSIS 

Sarcoidosis is a chronic granulomatous disease of unknown aetiology. Many systems 
may be involved, but the commonest form appears to affect the respiratory system alone 
Often this form is symptomless and is detected by a routine chest xray showing^bilateral 

This type of pulmonary sarcoidosis has a good prognosis: at least 80% of those 
affected show complete and sustained resolution of all features of the disorder within two 
t0 five years It is the only form of the disease commonly seen in aircrew; amongst 
healthy young ren, the prospects of spontaneous permanent cure may be even better than that 
indicated above, particularly if "there is no pulmonarv parenchymal shadowing. 

sarco*dosisC° •'^T^In^post'-mort em~ studies of patients with known cardiac sarcoidosis, sudden 
death has occurred in up to two thirds 1. ? and congestive cardiac faiiure has been present 
in a further quarter. Sudden death may be the presenting feature of sarcoid heart disease . 
Electrocardiographic abnormalities include bundle-branch blocks, various degress o 
dissociation, types of ectopic activity and paroxysmal arrhythmias These features 
may appear many years after the initial illness. Post-mortems, even on those no 
cardiac symptoms, may disclose granulomata of the cardiac conduction system . Extensive 
granulomatous disease, causing a dilated heart with cardiac failure, is less common. 

The potential risk to flying safety of cardiac sarcoidosis is 
episodes of paroxysmal tachyarrhythmias, complete heart 
or cardiac arrest would he likely to lead to disaster, 
arise from gradual cardiac decompensation. 

obvious^®. In-flight 
block with Stokes-Adams attacks 
More insidious incapacity would 
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For these reasons any aircrewman with suspected sarcoidosis, whether asymptomatic 
or not, should be grounded immediately pending specialist evaluation H. 
can usually be confidently made as a result of a typical clinical picture 
of ncn-caseating granulomata on tissue histology (eg bronchial or lymph-node biopsy) or 
a positive Kveim test. Appropriate tests should exclude other granulomatous diseases. 

A diagnosis 
the presence 

Most such .ircrew will have»disease apparently confined to the hilar and para- 
tracheal nodes. All, however, will require detailed Investigation to exclude disease of 
other systems, notably the cardiovascular system. This further investigation wiil often 
be delayed until there is marked improvement or ;omplete resolution of the intra-thoracic 
lymphadenopath>. The cardiac work-up will include echocardiography, 24-,-our ECG tape 
monitoring, a maximal exercise test, and radio isotope cardiac imaging, usuall/ a thal¬ 
lium 5 and a M jA scan. All these investigations must be normal before the patient is 
prot u ird free c* cardiac sarcoidosis. A few patients will require invasive study •.■'ith 
physiolog jal testing of the A-V conduction system. Unfortunately, because of the patchy 
distribution of the sarcoid, cardiac biopsy is quite often unhelpful 

Aeromedicn D isposition 

a. Because of the risk of silent cardiac involvement, applicants for flying training 
who give a history of sarcoidosis should be rejected. To avoid injustice, every effort 
must be made to aetermine tha' the diagnosis was established beyond doubt. Candidates for 
training as aircrew other chan pilots might be licensed provided the disease was 
exclusively pulmonary and had remitted completely several years before. Even so, an 
employer might have reservations about such a candidate. 

b. Trained aircrew who develop sarcoidosis should be grounded and investigated as 
indicated above. Uncomplicated pulmonary sarcoidosis which remits completely according 
to clinical, radiological, pulmonary function and haematological criteria, and in whom 
cardiac sarcoidosis has been excluded, are considered for return to flying duties, 
usually not less than a year after the onset of their illness. Restrictions (eg as or 
with co-pilot) are customary for a year, and after that, specialist follow-up for several 
years is usual, though flying may be unrestricted. 

Disease of -ther systems (neurological, ocular, dermatological, bone) generally has 
a less good prognosis and often requires drug treatment (v.i). Such individuals will 
rarely regain an unrestricted flying category, and may face permanent grounding. 

Treafment with systemic cor<-icosteroids is reserved for those with more severe, or 
progressive, or complicated sarcoidosis. The benefits of steroid treatment are unfor¬ 
tunately doubtful. Steroids involve hazards (peptic ulceration, diabetes mellitus, 
hypertension and neuropsychiatrie sequelae) particularly important for aviation safety. 
For all these reasons, an aviator who requires steroid treatment for sarcoidosis will 
rarely be granted a waiver for return to flying duties. 

Multi-crew operations, particularly in civil airline or commercial operations, may 
allow a more liberal disposition, eg for asymptomatic chronic sarcoid lymphadenopathy, 
or with stable minor pulmonary shadowing or skin sarcoidosis. A private pilot's licence 
may be renewed under similar circumstances, evidence of cardiac sarcoidosis should, however, 
preclude return to any form of flying where incapacity might prejudice aircraft safety. 

CHRONIC OBSTRUCTIVE LUNG DISEASE (C.O.L.D) 

Chronic bronchitis and emphysema are included in this rubric. Chronic bronchitis 
causes a persistent cough due to over-production of mucoid sputum; if present on most days 
for at least three months during two or more consecutive years, the diagnosis is estab¬ 
lished. Many factors may contribute to the development of chronic bronchitis, but in 
western society the most important factor by far is cigarette smoking 13. Chronic 
bronchitics are prone to recurrent respiratory infection. Ventilatorv function deteri¬ 
orates more rapidly than the normal secular decline, and the deficit is usually "fixed"; 
stopping smoking, especially in the early stages, may delay the functional deterioration. 
Effort dyspnoea, abnormal blood gases and secondary cardiac damage are late features of 
the disease. 

Emphysema is a pathological diagnosis meaning an increase in the size of the air 
spaces distal to the terminal b-onchioles -^. However, its existence may be strongly 
suspected from clinical features such as increasing effort dyspnoea (cough, if present, 
is usually non-productive), a fixed barrel-shaped chest with generalised decrease in air 
entry and absent hepatic and cardiac dullness to percussion, with a chest xray showing 
generalised increase in pulmonary trans-radiancy with flattened diaphragms and narrowed 
mediastinum. Spirometry shows a combined restrictive-obstructive pattern, little affected 
by bronchodilators. Emphysema, like bronchitis, is strongly associated with cigarette 
smoking. Individuals with the inherited biochemical defect of alplia-one-antitrypsin 
deficiency are strongly predisposed to emphysema. ámokers with this deficiency do 
particularly badly. 

Aircrew with C.O.L.D 
result of routine ventilac 
excluded oy the fixed natu 
gas or gas transfer Studie 
on stopping all smoking fo 
and general health measure 

may present with symptoms but more 
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Disposition of aircrew with C.O.L.D should be along the ftllowing lines. 

Applicants for flying training with an established diagnosis of C.O.L.D should be 
refused. The same is probably true of asymptomatic individuals who are known to.have 
alpha-one-antitrypsin deficiency. In the author's view, cigarette smokers should not be 
recruited for flying duties, certainly not for military flying. However,.no licensing 
authority is known to have adopted this restriction, although some airlines will not 
recruit cigarette smokers. 

Trained aircrew with C.O.L.D, often asymptomatic or with minimal symptoms, require 
assessment and long-term follow-up but may usually be safely returned to flying duties. 
Stopping smoking much i.r,proves their chances of completing a full career. Hypoxia will 
rarely be an increased risk. However, cockpit fumes or smoke may precipitate disabling 
symptoms, and a few patients with C.O.L.D have paroxysmal cough, sometimes proceeding to 
cough syncope, even with apparently mild disease. Evidence of deterioration, clinical or 
laboratory, and particularly development of blood gas abnormalities, either at rest or 
easily provoked by exercise, are likely to require restrictions or even grounding. 

A few patients with emphysema may have one or more bullae, evident as pulmonary 
translucencies with hair-line circular margins on chest xray, 1 cm or more in diameter. 
These commonly do not connect with an airway and therefore expand and may rupture during 
ascent to altitude, causing pneumothorax, surgical emphysema or even air embolism. 
Presence of bullae ir. usually a bar to unrestricted military flying; for any kind of fly¬ 
ing, a test chamber ride to the anticipated maximum cabin altitude is the minimum pre¬ 
requisite to flying. A single bulla may be excised surgically to improve prospects of 
return to full flying duties H . 

Treatment of C.O.L.D, apart from cessation of smoking, is rather ineffectual and 
involves drugs (beta-adrenergic receptor stimulants, methyIxanthines, steroids) which may 
pose threats to flying safety. Aircrew who recuire long-term drug treatment for C.O.L D 
are unlikely to receive a waiver for flying duties; occasionally a civil licence mignt be 
granted, eg a private pilot’s licence for fairly mild C.O.L.D treated with a salbutamol 
inhaler. Intercurrent infections require grounding for appropriate (eg antibiotic) treat¬ 
ment but have long-term implications only if frequent or severe. 

REACTIVE AIRWAY DTSFASE 

Asthma and bronchospasm are terms used almost synonymously. Asthma is defined as a 
disorder characterised by obstruction of the intrapulmonary airways, such obstruction 
varying widely in short periods of time. At times, in mild asthmatics, airflow may be 
repeatedly normal, and even exceptional methods (eg exercise in cold atmospheres) may fail 
to induce detectable obstruction during a remission. The condition is a syndrome rather 
than a disease, being a condition of bronchial hyper-reactivi^y to a wide variety of 
stimuli. It is common - the prevalence is 2-5% in the USA and the UK. Most asthma in 
children and young adults is "atopic" - based on a familial alteration in immune respon¬ 
siveness anc characterised by development of bronchial hyper-reactivity to a variety of 
external agents 15. Recognition of the true nature of wheezing attacks ("recurrent 
bronchitis") in babies and young children is often delayed or missed completely. Thus 
some cases of "adult onset asthma" are in fact cases of missed atopic bronchospasm. Other 
cases of adult onset asthma ("intrinsic asthma”) have no demonstrable allergic basis and 
carry a worse prognosis than atopic asthma. Allergy to a single agent, as in some indus¬ 
trial asthma cases, is rather unusual; their recognition is important as they are some of 
the few cases where removal of the provoking agent may produce a "cure". 

The prognosis of childhood asthma is now known to be less good than was generally 
believed. 40% have continued fairly mild attacks, and 10% have more severe disease 
throughout life. About 50% appear to remit completely, usually during adolescence, but 
about half of these relapse in later life, and such relapsers are then much moie prone 
to recurrent or persistent bronchospasm. Thus, in all, nearly three quarters of childhood 
asthmatics can expect to suffer attacks of bronchospasm during adult life. Sometimes a 
relapse may be abrupt and severe. 

The disorder has important aeromedical implications. Its course and severity are 
unpredictable; an acute attack may be suddenly disabling sind even fatal. It is affected 
by many of the stresses of the aviation environment; thermal stress, fumes and smoke, 
pressure breathing, emotional stress, exertion and probably G-forces. 

A history of asthma in an applicant tor flying training should for these reasons 
result in rejection for military flying. Applicants for civil flying with a remote history 
of mild wheezing in childhood may be accepted, especially for a private pilot's licence, 
but are at increased risk of disability. few will be acceptable for professional flying. 

Development of wheezing in a trained pilot requires^de tailed evaluation 16. Those 
with highly reactive airways demonstrated by exercise or histamine challenge are at high 
risk of disabling symptoms and should usually be grounded. Less severe disease, easily 
controlled by permissible medications (v.i) may be acceptable for return •-o '‘■ying duties 
but will be restricted from fast jet flying and will usually fly only "as cr with co¬ 
pilot". They require indefinite specialist follow-up. Other flight deck aircrew may 
receive waivers on a similar basis. However mild the disease may apparently be, acute 
severe attacks are possible; immersion, cold climate operations, fumes and smoke, escape 
and evasion are all likely to be more hazardous in asthmatics. 
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Treatment of asthma in aircrew is restricted to inhaled cromoglycate ("Intal") and 
inhaled corticosteroids 3. Oral beta-2 agonist stimulants (eg salbutamol, terbutaline) 
have metabolic and cardiac effects which make them hazardous for aviators. Inhaled, these 
drugs may still cause muscle tremor, and should not be used within four hours of flying. 
Indeed, an- aviator with symptoms sufficiently marked to need such treatment should probably 
not fly. The methylxanthines (eg theophylline) have a high incidence of side-effects; 
toxicity is likely because of their critical therapeutic ratio. They should not be pres¬ 
cribed for aircrew. 

Aircrew whose disorder appears perfectly controlled by permissible medication over a 
prolonged period may be considered for a return to single-seat operations. Such a decision 
calls for expert advice. Where the remission appears dependant on continued treatment, 
the difficulty in ensuring life-long compliance in asymptomatic aircrew should not be 
under-estimated. 

SPONTANEOUS PNEUMOTHORAX 

Spontaneous pneumothorax occurs when there is escape of air from the lung into the 
pleural space, with consequent partial or complete collapse of the lung. Usually no 
precipitating cause is evident. Simultaneous bilateral pneumothoraces may occur and are 
particularly dangerous. In any case, a person who has suffered a spontaneous pneumothorax 
on one side is more liable than a normal individual to have a spontaneous pneumothorax on 
the other side. Spontaneous pneumothorax is very prone to recurrence; at least 30% will 
recur after an initial episode, 50% after a second, and 80% after a third I?. Recurrence 
is usually early, within 12 months of the last episode. 

A tension pneumothorax occurs when the leak of air into the pleural space is progres¬ 
sive, a "one way flow" being caused by a flap-valve action of the visceral pleural breach. 
As positive pressure develops in the pleural space, the mediastinum is displaced with 
compression of the other lung; acute cardio-respiratory embarrassment develops, with 
potentially fatal consequences. Other complications of spontaneous pneumothorax include 
chronicity (broncho-pleural fistula), pleural haemorrhage (haemothorax) which may be 
persistent and exsanguinating, and serous effusion. 

The cause is usually a sub-pleural apical bleb or bulla which ruptures through the 
visceral pleura. For some reason this is commonest in young men, usually with a tall lean 
body build. Other, more serious underlying lung pathology, such as pulmonary tuberculosis 
or tumour, is very uncommon. 

Spontaneous pneumothorax may rarely be asymptomatic; a small leak may be detected on 
a routine chest xray. More often the diagnosis is missed because the significance of the 
symptoms is not appreciated and physical signs are subtle or absent. Most patients suffer 
pain, which may be incapacitating, and dyspnoea in proportion to the size of the leak. 
Complications listed above are likely to be prostrating. 

The aeromedical implications of spontaneous pneumothorax are very important and have 
recently been exhaustively reviewed 18, Recruits with a history of spontaneous pneumo¬ 
thorax should in general be rejected, for fear of relapse. However, a remote history of 
a single episode (more than two years before) might be acceptable as by that stage, 
recurrence is much less likely. A history of satisfactory surgical treatment (parietal 
pleurectomy) with normal subsequent respiratory function is acceptable. 

A trained aviator who develops a spontaneous pneumothorax should be grounded pending 
assessment and surgical treatment. This is because of the special aeromedical hazards 
of the disorder; even where the leak seals spontaneously, the pleural air-space will 
expand with altitude. Pain and dyspnoea may be incapacitating. Although one might expect 
the conditions of high performance flying (high C--forces, rapidly varying cabin pressure, 
pressure breathing) to predispose to spontaneous pneumothorax, its development in the air 
seems in fact to be rarely recorded 17> 20; occurrence during rapid decompression in 
an altitude chamber may be commoner 18. However, the potential hazards are so great that 
the risk of early return to flying duties following a spontaneous pneumothorax is 
unacceptably high. 

Following investigation, most aviators will be suitably treated by surgery 
(thoracotomy, oversewing of apical pleural blebs, and parietal pleurectomy 21). This 
apparently severe procedure causes surprisingly little immediate upset and no long-term 
decrement in respiratory function. Where pleural blebs are known to be present on the 
oppc ,ite side, surgery may have to be bilateral; indeed, some authorities 18 propose this 
as the minimal procedure. However, most air forces accept the unilateral operation where 
the opposite lung appears normal on xray. Following convalescence and rehabilitation the 
aviator may resume full flying duties, usually 3 months post-operatively. The apparently 
lesser procedure of "medical" pleurodesis ciuses as much if not more morbidity as 
pleurectomy and is followed by a high recurrence ratj 22. por this reason pleurodesis 
is no longer an acceptable form of treatment. 
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CASE D.L. (by Dr Hull) Air Force Navigator Age 28 years 

Painful heels 
Swollen ankles 
Tender red lumps both snins 
Poor appetite, weight loss 
of 3 Kg 

3 weeks 
2 weeks 
1 week 

2 weeks 

Non-smoker. Systems enquiry - no other complaints. 

Physical examination: 

Afebrile 
Bruising of heels 
Tender red lumps both shins - lesions up to 4 cms wide 
Bilateral ankle oedema 
Passive ankle movement - painful at extremes 
General examination - normal 

01 What is the condition affecting his lower limbs? 

02 What further investigations do you require? 

The condition of the lower limbs is ervthema nodosum. D.L. probably has mild 
arthritis of the large Joints related to the rash. 

Pulmonary tuberculosis is now a rare cause of E.nodosum in the West, but streptococcal 
infections, drug reactions and inflammatory bowel disease are quite likely. D.L. showed 
no such cause, but a chest xray showed hilar lymphadenopathy. 

Sarcoidosis is much the likeliest diagnosis, though pulmonary tuberculosis could 
present in this fashion. 

Intradermal tuberculin test - negative 
Sputa - no AAFB seen 
Tomography - confirmed hilar node enlargement 
Xrays of bones and joints normal 
Hb 11.5G, ESR 75 mm in 1 h. TWBC 5,600. N.diff. Haematocrit 36.7, MCH 27.4, MCV 87 
Film: RBC's normocytic, normochromic 
Blood biochemistry including liver function tests - normal (alpha-2 globulins slightly 
increased) 

Vital capacity 4.4L; FEV1 3.9L = 88% = normal 
Scalene node biopsy - no evidence of sarcoidosis 
Kveim test - positive. 

03 Has the diagnosis of sarcoidosis been established? 

04 What further tests should be done? 

05 All symptoms and signs had disappeared by the time his Kveim test was ready, 
6 weeks after injection. 

What is your decision on his return to flying duties? 

4 

(Further questions regarding Case D.L. on next page.) 
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3 months after his inicial illness he comleted the following tests. 

Full clinical examination 
Resting 12-lead ECG 
Cross-sectional (2-D) echocardlograph 
Maximal treadmill test 
MUGA study 
Thallium study 

All were normal. 

6 months after his initial illness he was reviewed; clinical examination, 
FBC, ESR 
Blood biochemistry 
Pulmonary function tests 
Chest xray 
Resting and exercise ECG's 

were all normal. 

06 a. May he now return to flying duties? 

b. Should flying be restricted to any type of aircraft? 

0? What follow-up should be arranged? 

18 Do you consider the prognosis to be 

very good^ 
fair? 
rather poor, with relapse likely within 5 years? 
other^* 
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CHRONIC '>BSTRUCTIVE_JLUNG_^DISEASE 

Dr. G.W. Cr?.y 

Major CPD ia a 40 year old fighter pilot who is reported to have a 4 centimeter bulla in his left 

lower lobe on a routine chest x-ray done as part of his annual aircrew medical examination. 

12 years previously, he developed chest discomfort and dyspnea while flying ACM in a Saber. On 

return to base he was noted to have some abnormal densities in his left lower lobe on chest x-ray, and 

was told ae had a collapsed lung. He was felt at the time to have a viral pneumonitis. The x-ray 

changes resolved over a few days, and he was returned to flying duties. 3 years later, he suffered a 

traumatic left hemothorax in motor vehicle accident, with fractures of his 3rd through 7th left ribs. 

500 milliliters of bloody fluid were drained by thoracentesis. 

In the intervening years, he felt quite well, and continued to fly. He started smoking cig¬ 

arettes as a teenager, and continues to smoke about 40 cigarettes per day. He has a mild morning 

cough on most days, with a small amount of whitish phlegm. There is no family history of lung disease. 

He has a reasonable exercise tolerance on annual testing, although he does not do any regular exercise 

He does admit to feeling unexpectedly short of breath if he has to do strenuous physical activity, especially 

outside in cold air, although he does not describe any frank wheezing. 

On physical examination, he is a tall, lanky man. His blood pressure is 120/75 am Hg with about 

5 HD Hg of pulsus paradoxis. There is no clubbing, and no cyanosis. The trachea is midline, and the 

external chest configuration appears normal. There is 3 inches of chest expansion. There is good air 

entry in all lung zones on auscultation, with only a few fine crackles in the left lower lung posteriorly. 

The heatt sounds are normal, with no murmurs. The liver and spleen are not palpable. 

Based on the information available to you at this point, what further investigations would you request? 

Major CPD s repeat chest x-ray with magnification views of the left lower lobe, and tomograms show 

some post-inflanDatory changes at the left base with one margin resembling a bulla, but there is no clear 

bulla observed, and no vascular displacement to suggest an air containing cyst. 

His hemoblobin level is 176 g/L with a hematocrit of 49Z. His alpha-1 antitrypsin levels are 
normal. 

Pulmonary function tests shoe the following results: 

Result 

FVC (L) 5.8 

FEV (L/S) 3.9 
FEVj/FVC (ï) 68* 

MMFR (L/S) 2 5 

V5Q (L/S) 2.3 

K, (L/S) 0.9 

OC (L) 7.37 

PRC (L) 3.90 

RV (L) 2.1 

DLC0(ml/min/moiHg) 16.6 

A methacholine challenge test was done, and Major CPD reacted with a 20* fall in his FEV at a 

concentration of 4.0 mg/ml (this result indicates a borderline or slightly increased airway sensitivity). 

... . ** Pour of these tests? What are the aeromedical implications? Are there any 
additional studies you would recommend? 

Percent Predicted Post-Bronchodilator 

120 
101 
76 

64 

46 

38 

105 
101 
90 

85 

5.8 

4.1 

70* 

2.6 
2 3 

1.1 
7.52 

3.92 

2.2 

: 

I É É 
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Major CPD then underwent a low oxygen study, in which arterial blood gases were monitored while 

breathing room air, and then while breathing a gas mixture containing 13.bX oxygen, remainder oxygen, 

equivalent to breathing ambient air at 10,000 feet. 

The results were interpreted as indicating an excessive ventilation/perfusion imbalance on room 

air, because <~£ the high alveolar to arterial oxygen gradient (24 nxnHg) , and an abnormally reduced 

arterial oxygen tension while breathing*the hypoxic gas mixture (his arterial oxygen tension fell to 

37 mmHg;. 

What are your recommendations to Major CPD? What are your recommendations regarding aeromedical 

disposition? 

Major CPD is grounded, and takes your advice pnd stops smoking. At the same time, he begins a 

regular exercise program, with daily 30 minute jogs and some isometric exercises. After two years, he 

feels much better, and no longer notices any unusual dyspnea, even when exercising strenuously in cool 

weather. He requests a review of his flying status. 

On clinical examination, he appears fit and healthy. Clinical examination of the chest is quite 

normal. 

A repeat chest x-ray continues to show the patchy scarring in the left base, but otherwise is normal. 

Repeat pulmonary function tests are done, with the following results: 

PR£BR0NCH0DILATOR POSTBRONCHODILATOR 

Predicted Observed Z Pred Observed ZPrebronch 

TLC (L) 

FRC (L) 

VC (L) 

RV (L) 

RV/TLC t 

FVC (L/S) 

FEV (L) 

FEV?/FVC Z 

V50l(L/S) 

V25 (L/S) 

DCO 

(ml/min/imiHg) 

6.3 
3.8 

4.6 

2.2 
32.6 

4.6 

3.5 

76 

4.6 

2.3 

38.2 

7.9 

3.6 

5.8 

2.1 
27 .0 

5.8 

4.0 

69 

3.4 

1.1 

33.3 

116 

95 

126 

95 

83 

126 

114 

90 

74 

48 

87 

7.7 97 

3.5 97 

5.8 100 

1.9 90 

25.1 93 

5.3 100 

4.1 103 

71 103 

3.4 100 

1.1 100 

He is exposed to simulated altitude in an altitude chamber, with non-invasive monitoring of his 

oxygen saturation with an ear oximeter. The results are: 

Altitude Saturation 

Ground 97Z 

5,000 feet 9&Z 

10,000 feet 94Z 

12,000 feet 90Z 

15,000 feet 81Z 

A repeat methacholine challenge test shows a PO^q of 12 rag/ml, suggesting less airway reactivity 

than on his previous test, and now essentially normal. A SENT shows a normal closing volume and closing 

capacity for his age, and tie slope of the alveolar plateau is normal. 

What are your aeromedical recommendations at this time? 

Small airways disease with airflow limitation can interfere with aircrew performance in a number of 

ways. Because of impaired gas exchange, a mild reduction in inspired oxygen tension may result in significant 

hypoxia. Early airway closure (as indicated by a SBNT) may predispose to acceleration atelectasis. Venti¬ 

lation-perfusion mismatching by increased G forces may be significantly aggravated by small airways disease, 

and lead to a reduced C tolerance. 

Fortunate 

till, reversible 

sibility is felt 

ly at least some of the functional changes induced by cigarette smoking are at least par- 

including flow limitation and airway sensitivity, as Major CPD demonstrates. This rever 

’to be due to a resolution of the inflammatory bronchoiolitis caused by cigarette smoke. 
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Tuo years after stopping smoking, with the demonstration of relatively normal pulmonary function, 

Major CPD was returned to full flying duties. 

Explanation of Abbreviations: 

FVC Forced Vital Capacity (liters) 

TLC Total Lung Capacity (liters) 

FRC Functional Residual Capacity (liters) 

RV Residual Volume (liters) 

FEV Forced Expiratory Volume in 1 second (liters) 

MMF¿1 Maximum mid-expiratory flow rate (liters per second) 

V50 Flow rate at 50Z of a torced Vital Capacity (liters per second) 

V75 Flow rate when 7531 of an FVC has been expired (liters per second) 
d“q Single-breath diffusing capacity for carbon monoxide (milliliters per minute per millimter of mercury) 

REFERENTE 

1. McCarthy, D.S., Craig, D.B., and Cherniak, 

Am. Rev. Resp. Dis. 14: 103-113, 197b. 

R.M. Effect of modification of smoking habit on lung function. 

» É 
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CASE L.H. (by Dr Hull) 

Helicopter ptioc (search and rescue) 

Complaint: .Recurrent summer upper respiratory and chest symptoms for 3 years. 

Past health: No illness. Nothing similar. No eczema. 

Family health: A sister has hay fever. 

3 years ago, in July, acute onset of clear nasal discharge, n asal irritation and itching 
eyes . 

After 3 days, cough, wheeze and scanty yellow sputum. 
Not severely affected - able to continue his flying duties. 
All symptoms remitted completely after 3 weeks, but recurred each July. 

On exan.inat ion : (January). Completely normal. 

Chest xray - normal 
ECG - normal 
Hb 14.5 G, TWBC 5.4, total eosinophils 0.2 (= 4%) 
Skin testing - sensitive to B2 grasses only; negative to aspergillus fumigatus. 
Spirometry: FVC 5.5L; FEV1 4.5 = 82% 

but FEV1 5.0 = 91% after bronchodilator 
PFR 600 L/min with no diurnal variation 

Exercise test - No alteration in peak flow, vital capacity or FEV1. 

01 What is your diagnosis? 

02 How would you manage him? 

He was returned to flying duties with instructions to take topical c romoglycate for his 
ocular, nasal and respiratory symptoms, at the first sign of any recurrence of symptoms. 

In July he became aware of a recurrence which however was fully controlled by Rynr rom, 
Opticrom, and Intal inhaler. 

A diagnosis was made of mild hay fever and bronchospasm based on a familial atopic 
tendency. 

A medical board made him A3 - unfit high performance aircraft, fit to fly only as or 
with co-pilot. 

03 After 3 more seasons, his short-term treatment every July continues to give complete 
control of all his symptoms. Objective assessment during treatment confirms normal 
resoiratory function with no diurnal swing in PFR. 

May his flying restrictions be eased? If so, in what way? 



Age 34 

S-7 

CASE H.B. (by Dr Hull) 

Civilian commercial pilot's licence. 

Life-long non-smoker. 
Family - no respiratory disease. 

Age 26 On an escalator in a Cardiff store. 

Acute severe left-sided cbest pain; stabbing quality, with dyspnoea 

Collapsed . 
Emergency hospital admission. 

Small left-sided spontaneous pneumothorax. 
Re-expanded without intervention. 
Chest xray - probable bilateral basal emphysema. 
VO scan - washout delayed bilaterally but left worse 
Heterozygous for alpha-one antitrypsin deficiency - 
slightly reduced. 

than 
actual 

right. 
blood level only 

Returned to flying duties. 
Ascent to altitude regularly caused recurrence 
severe but similar quality to initial episode 
"splinting" his chest. 

of left 
Would 

lower chest pain, less 
fly with left hand 

Age 27 Left thoracotomy. 
Left lower lobe anterior basal segment 
expanded. It was resected, and pane 

was diffusely emphysematous 
tal pleurectomy accomplished. 

and over- 

After 3 months - return to flying duties Well for 2 years. 

Age 29 

Age 30 

Developed similar pain on right, felt only during flying, usually on ascent 

Reassessed. Sound thoracotomy scar. Physically normal. 

Age 34 Reviewed. No symptoms for 4 years. Physically normal. 
Chest xray: pleural shadowing leit base with reduced v 
Lung function: Spirometry normal. DLCO, KCO - normal. 
CAT scan. Bulla left base with bullous emphysema almos 
bullous emphysema right base also. 

Ventilation scan. Gas trapping left base consistent wi 

bulla. 

essel markings, 

t up to canna. Minor 

th large emphysematous 

01 Will you a*low H.3. to continue professional flying duties? 

If not , why not? 

Specialist Aeromedical Advice at 
bilateral disease with a history 
for nearly 4 years. 

this stage was permanent grounding, on the basis 
of bilateral symptoms, despite later subjective 

of 
remission 

H.B. appecls against this decision on the 
obtaining advice of another chest special 

grounds of absence of symptoms, and 
1st who told him he was fit to fly. 

after 

Q2 How would you answer to H.B's appeal" 

Can further investigation help your decision? If so, what? 
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HYPERTENSION IN THE AVIATOR 
by 

William B. Kruyer, Lt Col, USAF, MC, FS 
USAF School of Aerospace Medicine 

Broods Air Force Base, Texas 78235-5301 

SUMMARY 

Systemic hypertension Is one of the most commonly encountered medical problems for both the general 
medical p-actltloner and the specialist in aerospace medicine. Its frequent occurrence, Its contribution 
the rlskPof cardiovascular events, and problems with early detection and compliance with therapy all make 
hypertension a health problem of significant concern. It Is clear from the literature that therapy for 
moderate and severe hypertension significantly reduces morbidity and mortality. However, much study and 

debate has occurred regarding the benefit of therapy of mild hypertension. nterJ- 
for mild hypertension Is discussed here, based on a review of several major studies from the world lite 
ture. Detrl-mental effects of thiazide diuretics have been reported recently, prompting Interest In the us. 
of smaller doses of thiazide diuretics as well as Interest In the use of other agents as first line thera 
peutlc choices. Current United States Air Force policies regarding the treatment of hypertension In avia 
tors is discussed, as well as considerations that must be addressed In the study uf new medications for use 

In the aviator population.___—-—- 

Hypertension Is one of the most commonly encountered diseases In both general clinical medicine and 
aerospace medicine. Twenty per cent of the United States adult population has hypertension, representing 
over sixty million people. Hypertension Is one of the most significant risk factors for coronary artery 
disease and a leading cause of congestive heart failure, cerebrovascular accidents, and renal failure. In 
spite of a health problem of such magnitude, Its detection and therapy have often been neglected by both 
the physician and the patient for several reasons. Patients are asymptomatic until end organ complications 
have occurred and they are subjected to life-long therapy. Detection of the disease Is not as much a 
problem presently due to widespread education of the general population and physicians. According to 9 
estimates, 50 - 551 of the United States hypertensive population are aware of thei~ diagnosis and 30 to jb* 

are on therapy. 

Actuarial studies clearly show that the morbidity and mortality of hypertension Increase steadily with 
Increasing systolic and/or diastolic blood pressure without any clear cut-off level. The definition of 
hypertension Is somewhat arbitrary and varies between different sources but most attempt to Identify a 
level of blood pressure associated with a 50* Increase In mortality. The 198R report of the Joint National 
Committee defines a blood pressure greater than or equal to 140/90 mmHg as hypertensive . The same level 
is used for U. S. Air Force and Ü S. Army aviation standards. The relative merits of home blood pressure 
recordings versus 24-hour ambulatory blood pressure recordings versus multiple office blood pressure re¬ 
cordings In the diagnosis of '-ypertenslon will not be discussed. The use of phase 4 sounds versus phase 5 
sounds for recording diastolic blood pressure will also not be discussed. All authorities agree tnat an 
average or predominance of multiple blood pressure determinations must be elevated to make a diagnosis of 
hypertension. Twlce-a-day determinations over a three to five day period are most commonly used In the 

U.S. Air Force when hypertension Is suspected. 

Hypertension demands our utmost concern because It affects a large number of patients, It clearly 
Increases morbidity and mortality, and therapy has been shown to be effective In reducing Its morbidity and 
mortality. However, Its detection and therapy In clinical, preventive and aviation medicine continue to be 
less than satisfactory. Because of the potentially adverse effect of the diagnosis of hyper-tension on an 
aviator’s career. It Is often not diagnosed or done so only belatedly. We must honestly diagnose and treat 
hypertension In aviators because of the long-term morbidity and mortality considerations and because of 
possible complications that may lead to sudden Incapacitation during flight. Total mortality, cardiovascu¬ 
lar mortality, congestive heart failure, renal failure, retinopathy and left ventricular hypertrophy are 
all clearly complications of hypertensive disease. Sudden, Incapacitating, complications of hypertension 
— such as myocardial Infarction, cerebrovascular accident, transient Ischemic attacks, aortic dissection, 
and ischemic discomfort and arrhythmias — pose particular aeromedlcal risks. We must realize that an 
aviator who Is not treated for hypertension during his active flying career may return to the health syntein 
years later with myocardial Infarction, stroke, congestive heart failure, renal failure, etc., and be 
forced to retire prematurely from the entire working environment. 

The world literature Is clear that treatment of moderate and severe hypertension Is effective In de¬ 
creasing the associated morbidity and mortality. Controversy has surrounded the treatment of mild hyper¬ 
tension. especially the stepped care approach with diuretics as the first line of therapy. One problem 
with this Issue Is that various reports define mild hypertension differently. Diastolic blood pressures of 
90 to 104 mmHg, less than or equal to 100 mmHg, and 90 to 94 mmHg are all subgroups that have been sepa¬ 
rated from the data of largs clinical trials. A statistical hazard exists In this case. If the O' Igina^ 
protocol did not define the subgroups In their methods. The 1984 report of the Joint National Committee 
defines mild diastolic hypertension as 90 to 104 mmHg. Both the Jçlnt National Committee and the United 
States National Hypertension Education Program recommend treatment for diastolic blood pressures 8r«ate|' 
than 90 mnHg based on their review of the available literature. The bulk of evidence from several studies 
shows a benefit from treatment of mild hypertension (90-104 mmHg diastolic) In decreasing the Incidence of 
cerebrovascular events, congestive heart failure, aortic dissection and left ventricular hypertrophy. Some 
studies further suggest that the progression from mild to moderate and severe hypertension is also de¬ 
creased. Some studies also show a decreased total mortality. However, less evidence exists for decreased 
coronary artery disease morbidity and mortality. A brief review of the major studies In the literature 

should prove beneficial. 

Hypertension Detection and Followup Program- 
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Over 10.900 patients, aged 30 to 69. with Initial diastolic blood pressures of 90 to 10*. mmHg -ere 
followed for five years. Comparison of an aggressive or stepped care approach versus usual or routine care 
therapy was performed. No placebo or untreated control group was used. Total mortality n the stepped 
care group -as decreased 211 compared to the routine care group and cardiovascular mortality was decreased 
261. gThePauthors estimated tnat 701 of the hypertensive population and 601 of the excess mortality o 

In this group of mildly hypertensive patients. 

The Oslo Stuoy^ 

In this study 785 males without evidence of target organ complications, aged 40 to 49, -1th Initial 
diastolic blood p^ssure, 90 to 109 ™Hg were followed for five years. Subjects were placed n either a 
treatment or no treatment g-oup. No significant difference was found between the two groups In cardlovas 
cular morbidity, cardiovascular ocrtallty or total mortality. The subgroup with an initial dlasto c lood 
oressure greater -han or equal to 100 mmHg did demonstrate significantly fewer cardiovascular events 1th 
therapy Cerebrovascular events, fatal abdominal aortic aneurysms, left ventricular hvpertrophy and con- 

gestlve heart failure occurred only in the untreated control group. 

14 
The Auatr:1lan Study 

Over 3 000 men and women, aged 30 to 69, without target organ damage were followed for four years. 
Initial diastolic blood pressures ranged from 95 to 109 mmHg. Subjects were p'aced in a treatmen. versus 
placebo control group. The treatment group had significantly fewer total and cardiovascular deaths and 
fe-er cerebrovascular events. However, no significant difference was found Ir. the Incidence of .oronary 

arte.y disease events. 

iiedlcal Research Council^ 

Over 17.000 men and women, aged 38 to 64. were followed for five and one-half ye„rs. Initial diastolic 
blood pressure ranged from 90 to 109 mmHg. Beta blocker therapy and diuretic therapy * 
placebo control group. The treatment groups had significantly fewer tota, 
decrease In total .vitality. Significantly fewer cerebrovascular accidento occurred in the eatraent 
groups but the Incidence of coronary events was not significantly changed. 

Veterans' Administration Study6 

Three hundred-eighty men with an Initial diastolic blood pressure of 90 to 114 mmHg were randomized to 
treatment versus placebo control groups who were followed for three years. There was a 751 risk reduction 
in the subgroup with diastolic blood pressures ranging from 104 to 114 mmHg and a 35* risk reduction In 
subgroup with diastolic blood pressures ranging from 90 to 104 mmHg. The incidence of cere-bro.ascular 
accidents, corestlve heart failure, renal failure and accelerated hypertension was significantly reduced 
in the treatment group. No significant difference -as found In the Incidence of coronary artery disease 

complications. 

7 
United States Public Health Service Study 

In a treatment vs placebo control study. 389 patients, aged 21 to 55. were followed «»en to ten years. 
Initial diastolic blood pressur s r.'ged from 90 to 115 mmHg. The treatment «roup had a ^"Iflcantly 
lower incidence of left ventricular hypertrophy, cardlomegaly, cerebrovascular accidents and retinopathy. 
Vo sUlfloant ^fference existed between the two groups In total mortality or In the Incidence of coronary 

artery disease events. 
g 

Multiple Risk Factor Intervention Trial 

Over 12 000 subjects at Increased risk for coronary artery disease were followed for seven years. Ages 
ranged from’35 to 57 years and the subjects -ere placed in either a stepped care or usual care group. No 
significant difference was found between the two groups In total or coronary artery disease mortality 
cironaVy artery dl.ease mortality -as decreased in male subjects with normal blood pressures or «^ated 
Mood pressures with a normal electrocardiogram. Coronary artery disease mortality was Increased In ma 

sub ects with hypertension and an abnormal electrocardiogram. 

Coronary artery disease events and mortality were not decreased In these large studies. However, the 
incidence and mortality of other cardiovascular events was significantly decreased. Theconcluslonsr 
gardlng coronarv artery disease events and mortality may not be completely valid. In some of these Judies 
an aggressive or stepped care therapy approach -as compared to a routine or usual care therapy approach 
rather than tc an untreated or placebo control group. Come studies did compare a treatment «roup to an 
untreated or placebo control group; however, the control group was still treated In the sense those 
suolects were under frequent medical surveillance and often received nonmedical Interventions such as 
dietary and exercise counseling. The relatively young age of the subjects and the ohortfolowupperto 
may also have affected the results. Many practitioners .may feel that the significant reduction 
nathe.-osclerotic events and mortality precludes longer followup studies to settle the Issues of -het 
treatment of mild hypertension reduces atherosclerotic events and mortality. 

The literature clearly favors treatment of mild hypertenslofi. However, the equivocal effect of therapy 
on th l^ld.nce of œronL-y artery disease events and mortality Is disturbing. All o these studies used 
a diuretic as the first line therapeutic agent. Thiazide diuretics with or -^out tM^nterene, £^th.^ 
orly medications a USAF aviator may take for hypertension and continue flying ^tles. . • 
al lows prazosin and captoprll for antihypertensive use In Its aviators Other c°^trles 
cations, including beta blockers, especially In non high performance f^raft' redre- 
of aviators -1th mild hypertension can be controlled with nonpharmacologic methods. 3U^ as * 
tIon, sodium reduction, decreased dietary fat. behavioral modification and ™ °^“tÍcs and 
products and alcohol. According to further estimates. 50* can be controlled with thiazide diuretics 

A 
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the above nonpharmacolog1c methods. The fallu-e of diuretics and nonpharmacologlc methods to ocntrol up to 
501 of the hypertensive aviator population and the question of a possible Increased coronary artery disease 
risk due to diuretic therapy In mild hypertensive suojects, together raise the issue of alternative drugs 
for the aviator -tth hypertension. Testing of other medications requires an extensive evaluation, esre- 

clally If their use Is considered In aviators flying high performance aircraft. Such an evaluation In¬ 

cludes the effect of the drug on mental and physical performance, orthostatic stress response. z 
acceleration tolerance, exercise tolerance, "the response to hypoxia and decreased barometric Pressure, 
cardiac rhythm stability, psychomotor function, blood volume changes and metabolic homeostasis. Masking of 
the signs and symptoms of developing coronary arter/ disease by nondluretlc antihypertensive medications 

must also be a concern. 

Diuretics reduce serum potassium In 10 to 301 of patients, thus causing a risk of Increased ectopy, 
especially when combined with cardiac Ischemic events. Coronary artery disease remains the most common 
cause of death In hypertensive patients. Other concerning effects of diuretic therapy Include decreased 
glucose tolerance and adverse effects on lipid profiles. Data from the Framingham stud es ha.^ shown that 
diuretic therapy for hypertension Increases total cholesterol 10 to 20 mgt, neutralizing the risk reduct on 
effect of decreasing blood pressure. Thiazide diuretics have been reported to Increase total cholesterol, 
triglycerides, LDL cholesterol and uric acid. Beta blockers Increase total cholesterol and triglycerides 
and decrease HDL cholesterol. In a cross-over randomized trial of mildly hypertensive patients treated 
with thiazide diuretics, Grimm9 reported a 61 Increase In total cholesterol, 171 Increase In triglycerides, 
and significant Increases ln LDLand VLDL cholesterol. No significant change occurred In HDL cholesterol 
levels. Lipid profile changes Induced by thiazide diuretics were corrected with dietary modifications. 
Because of the cancelling effects of lowering blood pressure but Increasing total and LDL cholesterol, the 
authors predicted no change In the five year and twenty year risk of developing coronary artery disease. 
All of these considerations suggest that diuretic thera; for mild hypertension may cancel the coronary 
artery disease protective effects of lowering blood pressure but still preser.-e the protection from other 

cardiovascular events and mortality. 

Au we see, hypertension poses a threat for long-term m “bldlty and mortality both medically and aero 

medically. Treatment of hypertension. Including mild hypertension, decreases this risk. Diuretics may not 
be the best first line agents for mild hypertension because of their effects on lipid profiles and other 
factors; but newer agents will have to be carefully and extensively evaluated prior to their use 'r. the 
military aviator population, especially those flying high performance aircraft. The aerospace medicine 
specialist will ultimately best serve his aviators by a timely diagnosis and appropriate therapy o' the.r 

hypertension, even though this care may adversely affect their flying status. 
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CORONARY RISK FACTORS IN AEROSPACE MEDICINE 

James P. Mickman, Jr., Col, USAF, MC, SFS 
Chief, Clinical Sciences Division 

United States Air Force School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235-5301 

Coronary risk factors may be used in the aeromedical setting to 
identify aviators who are at high risk for the development of coro¬ 
nary artery disease and are, therefore, at a higher risk for sudden 
incapacitation. Coronary risks may be used to identify those avia¬ 
tors who need additional testing in an attempt to discover asympto¬ 
matic coronary artery disease. Coronary risk factor analysis should 
also be applied to the entire aviator population in order to identify 
those aviators who need routine or intensive risk factor modifica¬ 
tion. Certain lipid patterns, especially familial hyperlipidemia 
patterns, may be used to identify younger trainees who do not repre¬ 
sent a good long-term training investment because of the high risk 
of subsequent development of coronary artery disease. 

Coronary artery disease is a major military public health problem, representing a 
significant cost in death and disability for the Air Forces of the NATO allies. Coro¬ 
nary artery disease has a bearing on readiness, and it must be viewed as a major risk 
from the standpoint of aviation safety. Coronary artery disease is not a disease of 
"old men," but rather it must be looked upon as a disease which has its genesis rela¬ 
tively early in life. In the United States, 29% of all deaths between the ages of 35 
and 44 years of age are due to cardiovascular disease (1). The rather striking occur¬ 
rence of coronary artery disease in relatively young men was noted in US battle casualty 
autopsies. In 300 autopsies from the Korean War, mean age of 22.1 years in 200 cases, 
some degree of atherosclerosis was discovered on gross inspection in 77% of the cases. 
At least one 50% narrowing was noted in 15% of the subjects, and one or more total 
occlusions noted in 5% (2). In 105 buttle casualty autopsies from the Vietnam War, mean 
age 22 years, postmortem angiography and dissection demonstrated evidence of atheroscle¬ 
rosis in 45%. Five percent had gros; evidence of severe atherosclerosis (3), although 
postmortem angiography, with its inherent limitations, was unable to confirm significant 
narrowing. Nevertheless, the amount of atherosclerotic substrate in this young popula¬ 
tion was striking. Thus, it has become apparent that coronary artery disease is in some 
respects almost a pediatric disease. It is, therefore, not inappropriate to discuss 
coronary artery disease in the context of a relatively young population. In the United 
States Air Force, approximately 500 personnel throughout the Air Force will experience 
significant disability or death because of coronary artery disease each year. The an¬ 
nual cost directly attributable to coronary artery disease is approximately $70 million 
per year in lost work time, medical treatment and premature disability. Premature coro¬ 
nary artery disease has a definite bearing on readiness, because coronary artery disease 
is a continual risk for sudden incapacitation or impaired performance. The bearing on 
aerospace safety has never been more marked than during the advent of the new high- 
performance fighters with rapid rates of +GZ acceleration, coupled with sustained +GZ. 
Thirty percent of our rated force in the USAF is equai to or greater than 35 years of 
age. We have 2,000 aviators equal to or greater than 40 years of age. If a United 
States Air Force aviator dies of a medical cause of death while on active duty, over 70% 
of these deaths will be due to cardiovascular disease. Of course, the leading causes of 
death in any population which is predominantly under the age of 40 will be traumatic. 
However, coronary artery disease is the leading cause of nontraumatic death in our 
aviators. We are all well aware that coronary artery disease presents as u catastrophe 
in most circumstances, and less than one-half of patients a~e fortunate enough to 
present with angina. Because sudden death or myocardial infarction is such a frequent 
manifestation, coronary artery disease prevention becomes the only reasonable strategy. 

Figure 1 defines those conditions which describe . risk factor. These criteria for 
the definition of a risk factor are rather stringent. Only those coronary risk factors 
which meet these criteria will be discussed during this paper. 
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level of a factor in those with * Increased frequency or higher level of a factor in those with 
evidence of the disease 

* Over time, increased incidence of the risk factor is associated 
with increased occurrence of the disease 

* Evidence that reduction in risk leads to reduction in disease 

* Relationship to disease is independent of other risk factors 

* A scientifically acceptable explanation exists for the causal 
relationship to disease 

Figure 1 - Definition of a Risk Factor 

Serum Cholesterol 

The habitual consumption of saturated fats and cholesterol is strongly correlated 
with the mean serum cholesterol on a population basis (4, c. '. Further, the mean serum 
cholesterol levels in a^population ar» strongly correlated with the prevalence of coro¬ 
nary artery disease (6, 7). This latter association has been repeatedly demonstrated in 
oth natural history studies as well as coronary angiographic studies. There have also 

been multiple high quality studies which have de i.onstrated that a decrease in the serum 
cholester ' 1 on a population basis is associated with a decrease in coronary risk (8, 9, 
10). While there are those who still dispute the apparently strong causal relationship 
between serum cholesterol and coronary artery disease, it is difficult to be nihilistic 
about this relationship in the face of rather compelling literature studies. However, 
it is perhaps even more difficult to minimize the relationship between blood fats ana 
coronary events in a population at high occupational risk for sudden incapacitation. 
Given the rather impressive array of epidemiological data available, it is difficult 
from an occupational medicine standpoint to withhold our coronary prevention efforts 
because some very small degree of doubt may be harbored about the "diet-heart theory." 
The information available to us in the world's literature clearly seems strong enough to 
pursue an active coronary artery disease prevention program. 

Coronary Risk and HDL Cholesterol 

High density lipoprotein (HDL), which is 90% apoprotein by weight, is a protein 
detergent molecule capable of solubilizing phospholipids and cholesterl in lerge quan¬ 
tities. One gram of HDL apoprote.n can dissolve 2.5 grams of phospholipid. The role of 
HDL in lipid transport appears to result in a net removal of cholesterol from tissues as 
well as the 'acceptance" of cholesterol during very low density lipoprotein metabolism 
HDL appears to favor the transport of cholesterol from the arterial wall. Angiographic 
correlative studies, both in symptomatic and asymptomatic populations, have documented 
that the level and type of circulating lipoprotein concentrations are related to the 
extent and severity of atherosclerotic heart disease at angiography (11, 12). In the 
Framingham study, HDL cholesterol was the best discriminator in separating arterioscle¬ 
rotic heart disease from healthy subjects over 50 years of age (13). As HDL levels 
became elevated, a strong negative correlation between HDL cholesterol and coronary 
disease became evident, and this relationship persisted even after the adjustment of the 
relative risk of atherosclerosis for other major risk factors. The protective effect of 
HDL has been well documented in a USAFSAM artériographie study of aviators (14). The 
ratio of cholesterol to HDL was the strongest contemporary expression of coronary risk, 
with a level of 6.0 representing the beginning of an elevated risk. HDL has only been 
determined regularly in most laboratories since the late 1970s, and long-term epidemio¬ 
logical studies confirming the value of raising the HDL have not yet been comoleted. 
However, HDL may be elevated by restriction of total calories from dietary fat, aerobic 
exercise and modest alcohol intake. Alcohol is believed to induce higher levels of high 
density lipoprotein because of an increased very low density lipoprotein flux (triglyc¬ 
eride carrying lipoproteins' resulting in an increased HDL concentration. Figure 2 
displays the distribution of ^otal serum cholesterol levels in USAF personnel (both 
flying and nonfl'ing personnel). These studies were performed on a study population of 
41,822 males and 2,547 females. In the United States, we consider Cholesterols greater 
than 260 mg % to be seriously elevated, while we consider below 200 mg% to be optimal. 

É * I 
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MALET, 

(N - 41,822) 

FEMALES 

(N = 2,547) 

TOTAL CHOLESTEROL IN MG* 

250-299 >,00 

9.5% .5% 

<200 200-249 

56% . 32% 

71% 23% 4.5% 1.5% 

Figure 2 - Distribution of Total Cholesterol Levels 

in USAF Personnel 

Figure 3 reveals the distribution of cholesterol to HDL ratios in USAF personnel, a 

population including both flying and nonflying personnel. Approximately 2>% of our male 

Air Force members have cholesterol to HDL ratios of 6.0 or greater and are considered at 

increased risk. Seven percent of our female personnel have ratios of 6.0 or greater. 

RATIO ur CHOL/HDL 

4.5 OR LESS 

MALES 51¾ 

(N » 39,066) 

FEMALES 78¾ 

(N = 2,435) 

4.6-5.9 6.0 OR GREATER 

27.5% 21.5% 

15% 7% 

Figure 3 - Distribution of Cholestero 1/HDL Ratios 
in USAF personnel 

Figure 4 displays the distribution of the highest risks in the USAF, defined as a serum 

cholesterol of equal to or greater than 300 mg% or a cholesterol to HDL ratio of equal 

h° Kr gr®atec than 6-0- 0ne can see a stead- increase in the number of individuals at 
high risk with advancing age among our male *.r Force members. Twenty-eight percent 

of the^American H r ^ at age 46-50- Figur« 5 outlines the recommendations 
f the American Heart Association for a prudent diet. The USAF has adopted these 

dietary goals of the American Heart Association. 

AGE BY 5-YEAR GROUPS 

21-55 36-40 41-45 46-50 >50 

17.9 21.5 26.0 28.2 26.6 

FEMALES 5.5 7.0 10.1 7.9 ** ,, ,, 

(N - 2,532) 

* When total cholesterol 235-300 mg% 
** Small sample size 

Figure 4 - USAF Personnel "At Risk" with Xotal Cholesterol 
>_ 300 mg% or Ratio > 6.0* 

<25 26-30 

MALES 7.7 11.6 

(N - 41,593) 
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* O.ily 30-34% of total daily calories from fat 

* Limit dietary cholesterol to 300 mtj daily 

* Only 10% of total daily calories from saturated 

or polyunsaturated fatty acids 

Figure 5 - American Heart Association Prudent Diet 

Obesity 
It has been difficult to attribute a stand-alone, isolated risk to obesity, but 

numerous investigators believe that obesity is an independent risk factor. However, the 

primary risk effects of obesity revolve around the effect of obesity on other primary 

coronary risks. The Framingham Study demonstrated that for each 10% increase in body 

weight, there was a 6.5 mmHg increase in systolic blood pressure, a 12.5 mg% increase in 

serum cholesterol and slight increases in blood sugar and uric acid. In the Framingham 

Study, subjects who were 30% or more overweight had an increased incidence of sudden 

death and angina. The effects of increased body weight were about one-half as severe in 

women as in men for the same increase in body weight above the optimal. Figure 6 re¬ 

veals that 2.8% of our USAF personnel are obese, either failing to meet our USAF height 

and weight standards or exceeding the body fat standard of 24% for males and 32% for 

females. Of those identified, 82.5% were in active intervention programs to lose 

weight. 

SAMPLE SIZE OBESE» % ENROLLED IN INTERVENTION 

44,167 2.8% 82.5% 

* Fails to meet height/weight standards or % body 

fat standard exceeded (Males-24%, Females-32%) 

Figure 6 - Obesity in the USAF 

Blood Pressure 
It is well established that hypertension accelerates atherosclerosis and poten¬ 

tiates other coronary risks. Of course, hypertension also has adverse primary effects 

on the blood vessels of the brain, heart and kidneys. In the Framingham Study, both the 

excess mortality and morbidity associated with hypertension were directly related to the 

height of the blood pressure. Blood pressure has emerged as a no threshold phenomenon 

with increasing risks for increasing blood pressure, even within the accepted "normal" 

range. In the Framingham Study, for each 10 mmHg increment in blood pressure throughout 

the entire range, there was a 30% increase in cardiovascular risk, with no discernible 

critical blood pressure. The Framingham Study also revealed that random blood pressure 

readings have meaning. In the USAF, we have almost no untreated hypertension, because 

blood pressures are taken during flight physicals, periodic physicals of nonflying per¬ 

sonnel, at sick call and even at the dental clinic. The very aggressive detection and 

management of hypertension has been a very successful chapter in military medicine. 

Cigarette Smoking 
From the Framingham Study, moderate cigarette smoking (20 cigarettes per day) dou¬ 

bled the risk associated with other coronary risk factors. There was even an increased 

coronary risk for men who smoked 10 cigarettes per day. The risk of sudden death in the 

Framingham Study was also increased for individuals with coronary disease who continued 

to smoke. The rate of coronary events after enrolling in the Framingham Study was 

halved for men who stopped smoking. Figure 7 outlines the percent of smokers in USAF 

personnel. These percentages are very similar to those of the civilian population in 

North America and closely parallel those of most developed societies. 

MALES 

SMOKERS* 

29% 

SMOKERS IN INTERVENTION CLINICS 

64% 

FEMALES 28% 72% 

* > 1/2 pack of cigarettes per day or regular smoker/inhaler 

of pipes or cigars 

Figure 7 - Smoking in USAF Personnel 
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The Exercise Hypothesis 

Before discussing an intervention program for military aviators, it is necessarv m 
briefly touch upon the controversy regarding the possible protective effects of regular 
exercise against coronary heart disease n man. Regular exercise is Known to Lírove 
cardiac efficiency by reducing the heart rate and blood pressure. Maximal oxygen ex- 

fa ï nod fWhT :hOSe Wh° e*ercise regularly. Regular exercise reduces some 
blood fats (cholesterol) and raises other blood fats (high density lipoprotein) Requ- 

¿ecomeeCC1Sehma,yrhredre dePreSS10n ^ anxlety' if the Pursuit of exercise does'not 
?he ãerob.c n r Exercise improves musculoskeletal efficiency and fosters 
fished rh t Pac‘ty Whlr 13 ce^-'«d m "any military occupations. It is also estab¬ 
lished that very few regu.ar exercisers smoke, and most regular exercisers will not 
pursue an unhealthy diet. However, the question of whether exercise exerts any protec¬ 
tive coronary effect has not been completely settled as of this date. Associations 
etween exercise and coronary disease were noted in London transport workers (15) Iowa 
armers (16, British civil servants (17,, in the Seattle Heart Watch Study (18, ¡nd “0 

nent InTlTilVTf * ^ SeVeral StUdieS which have falled to docu- ent any effect of exercise on coronary prevention, but most of these studies had some 
epidemiological faults. The best studies to date with we 1 1-contro Ued, Oo^xe^sO 
variables were the san Francisco Longshoreman Study (20) and the Harvard Alumni Study 
thns h Francisco Study, 3,263 males were enrolled in a 16-year study. in 

tarv oc ^CCUPat/h°nS ,:equlred aerobic expenditure as opposed to those who lead seden- 
Ïs 7 This th0"3', f H6 COCOnary event cate foc each 10 000-work-years was 5.6 versus 
ot.he"r threefold increase in coronary events among sedentary workers, with all 
other nonexercise variables controlled, is a compelling study. The most recent study 
and perhaps the most conclusive, was that of 16,936 male Harvard alumni whe were fol-' 
lowed up from 16-50 years after enrollment at Harvard. The lowest coronary event rates 

ãrtLvV ^ ^29 Pe' *eek- - increasing degree of corona" 
artery disease prevention were noted with increasing levels of exercise even beoinninn 

exeÎciÏeSonVh° Ceqularly- Perhaps one of the primary mediating factors of 
HDL ExerciC°r0Dnary dÍSeaSe Prevention - that of exercise-induced elevation of 
increased Uboor eVn3, lncrease t^^^eride extraction from chylomicrons, leading to 
athletes hT ÍPaSe aCtlvlty and ^suiting in elevated HDL levels. Studies in 
athletes have documented increases in HDL levels, well correlated with increases in 

oersons 0hXY9en eXtraCtÍOn- In 1987' the ««^ht of the evidence supports the view that 
persons who exercise regulany have a lower risk of .oronary heart disease. 

Coronary Artery Disease Prevention for Aviators 

TrialS04,ÍeSandn the^r'reTTn ^ t’’ KareUa' Finland (23); the Leiden Intervention 
that nrÍ r 1re1and-Boston Diet-Heart Study (25) strongly support the thesis 
the d£af th "s intervention will reduce coronary mortality and morbidity In 
the USAF, the Surgeon General of the Air Force formulated a program called the "CARE" 

0rm,;< YbbreVlatÍOn f0r the C0r0nary Artery Rlsk evaluation program. This program 
Suri3eon General was started in Jan 82 and involves every active duty person 

attelage 25 aíd^ach^Se‘ÍSraent ^91°3 WÍth eVery petiodic Poleai examination at or 
fter a<5e 25 and each fi'e years thereafter. Surveillance for aviators begins with 

office^01”55 * yln9 p,ySlcal and each tw° y0“* thereafter. The flight surgeon's 

personnel PWh™aieycoeroP°nS1f°r ^ CARE pt0gram' both for flying and nonflying 
t ! ons Ü ; A i Î For ce mlhV rlakS.arf 6Valuated P^iodically based upon physical examina¬ 
tions, any Air Force member who is found to be at elevated risk is placed into a risk 
actor intervention program. For those found to be at increased risk the coronart 

artery risk evaluation surveillance is performed annually. Figures 2, 3, 4 6 and^ 
represent preliminary risk analyses of a cohort of CARE evaluations. (The^ data wire 
prepared by Rufus M. Dehart, BG, USAF, MC, and Chief Master Sergeant Billy Holmes) 

fIrmrfor 73 a sa™ple copy of th* USAF Form 1447, which is the primary record-keeping 

of re ative risk for thl“"^?" CARE Pr°gCam ÍS baSed upon the alignment relative risk for the individual, based upon a modified Framingham risk Groun 
counseling in risk reduction is used whenever possible, emphasizing weight"loss dietary 

Th^CARE "program1 is b^T10"' 1Ífe.Style coun3«Hng and graduated exercise programs. 
The ^ARE program is based upon a prior research coronary artery disease prevention 

“l1" h6 USAF entitled the HEART P^grara (Health Evaluation and Risk Tabulation) 
This research program utilized a cost-benefit model, which was designed by the Depart 

"model orîhStrlal"Eh91nKerin9 at PUtdUe University- I" 1978, this model was chosen 
model of the year by the Society of Industrial Engineers in the United States This 

co. t-benefit model utilized calculations based upon the most conservative risk reduction 

eTell^ThaTV^rtÏn^111^ ^ C03t* An °f 0n invlstmlnt 
Iturn S3 58 Our ona, , ^ ^ ^^ °n cotona'y Prevention would 

access IL àeJl Z artery disease prevention in the USAF are: 1) to 
access the degree of coronary risks -n all USAF personnel; 2) to conduct intensive 

IIde3>Vet T f'09“?3 a‘ld éveillante for each member declared "at risk"- 

testingV* UtlllZe ^ CARE dat3 " ÍdentÍfy th°Se aviat0” -ed second ordlr“^ ' 
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The USAFSAM Risk Index 
Details regarding the USAFSAM Risk Index were discussed earlier in this lecture 

series. The goal of the risk index was to identify those aviators who needed second 
order testing. This use of a stratified risk equation, based upon angiographic data, 

would eliminate large numbers of unproductive workups in those with little risk of 
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either having or developing coronary artery disease. Figure 9.demonstrates the distri¬ 
bution of the USAFSAM Risk Index (I » age2 [CHOL - HDL/HDL ) ) in active duty pilots and 
navigators. These 1,046 pilots and navigators were the aviator subset of the 11,673 
members of the HEART data base. Only about 2% of ouç Air Force aviators have a risk 
index of 10,000 or greater. Only slightly more than 10% of our military aviators have 

risk indices of 7,000 or greater. The majority of our coronary discovery strategy 
should revolve around these 10%. Over 80% of our USAF aviators have coronary risk 

indices below 5,000, and approximately 90% have risk indices of under 7,000. The use of 
cardinal risk factors to stratify aviators for second order noninvasive testing is the 

newest use of coronary risk factors in the USAF. This concept is currently undergoing 
field testing in one of our fighter commands and is not yet in general operational 
use in the USAF. 



DISTRIBUTION OF USAFSAM RISK INDEX IN ACTIVE DUTY PILOTS & NAVS 

100% 
N = 1.046 PILOTS.NAVS 

90S 

80S 

70S 

60S 

50 S 

40 S 

30S 

20-: 

10% 

0 

(841) 

5.000 5.000 7.000 
'O 10 

6.999 9.999 

• 4V1A10R SUBSET OF THE 11 673 
MEMBER HEART DATA BASE 

• LIRIOS DONE BY AM HEALTH 
FOUNDATION. QC BY COC 

• COEFF VAR « 3N, 

I1‘l 111) 

10.000 ;12.QQQ usaf risk 

70 INDEX 
11.999 

Figure 9 - Distribution of Risk Indices 
in USAF Aviators 

A final use of coronary risk factors in aerospace medicine is that of establishing 
lipid selection criteria for aviation training. Familial hyper 1ipidemias are disquali¬ 
fying for all flying training in the USAF. Any applicant for flying training whose 
serum cholesterol exceeds 230 mg% will have a repeat cholesterol as well as an HDL 
determination made after a 14-hour fast. Any repeated and confirmed serum cholesterol 
in excess of 230 mg% with one or more of the following criteria present is disqualifying 
from flying training: 1) HDL cholesterol equal to or less than 15% of total choles¬ 
terol; 2) total cholesterol greater than 300 mg%; 3) xanthelasma or xanthomas; and 4) a 
documented family history of coronary heart disease (documented occurrence of angina, 
myocardial infarction or sudden death in a first-degree relative under age 60). 
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CASE REPORT JC 
by 

William B. Kruyer, Col, USAF, MC, FS 
USAF School of Ac, espace Medicine 

Brooks ALr Force Base, Texas 78235-5301 

HISTORY: 

Msnao*t', o«« *f i ri*-iui innesi war, 

WÈÊËMmâmmm 
mrn^rnmmm 
left ventricular wall -notion, normal left ventricular wall thickness, normal chamber ^Ites and normal 
iaÍves ïhere was a small clear space posterior to the left ventricular free wall. The chest discomfort 
was treated overnight with IV morphine sulfate and sublingual nitroglycerin with van able r”p°'’s*- ; 
dtscomforfwas stin present the next morning. 9 Dec 85; and the routine electrocard ogram of that morn ng 

(n Fijure 2 C-«at‘ne kinase levels were elevated to approximately three times the upper limits 
o? normal Dlth a slgñiflcant*lncrease In the MB fraction compatible with myocardial damage ^dlac cathe¬ 
terization -as performed the morning after admission because of the continuation of Painandthe elect 
cardiographie and enzyme findings. Resting hemodynamics were normal except for n area 

1 - La acornUr nressure of 22 miHg The left ventriculogram was Interpreted as showing a small 
Of nieh an?erÔïateraï "îrmiîd hypothesis with no mitral regurgitation. Coronary arteries -ere inter- 

^ i r vho of that dav JC was treated with oral Indomethacln and intravenous morphine 
suit ate^arOcompletOrésolutlon°of^1 s ^ ^tl "sul^d! The mc-phlne sulfate was discontinued 10 Dec 85 

"d the’oral Indomethacln -as continued for one week. On 13 Dec 85. five days after ad_m ssion resting 
radionuclide angiogram was normal with a resting ejection fraction of 551. Followup M ®°de and t ° 

dimensional echocardiography on 13 Dec 85 was unchanged from the ^s perfo^ed on 
e’ear space behind the left ventricular free wall had resolved. A treadmill stress test -as periormeu on 
5 Jan 86. He performed 1U-1/2 minutes of a Bruce protocol reaching a heart rate of 162 »eats per mlnut 

. hlood nressure of ^88/78 mmHg. ST segments remained at baseline and there were no arrhythm 
Based on° the'Interprétât Ion of the^hest discomfort, the left ventriculogram at cardiac catheterization 
the enzyme findings, and the electrocardiographic changes, JC was told that he had norma toronarya 
lut differed l imall myocardial Infarction. He was then disqualified from further flying duties. 

He oresented to the USAF School of Aerospace Medicine (USAFSAM) In May 86 for his Initial evaluation 
for the above described Illness. At that time he was completely asymptomatic, denying any further episodes 

or any prior episodes of the above chest discomfort, dyspnea on exertion, paroxysmal ^ory"«« 
peripheral edema, de .Teased exercise tolerance, palpitations, dizziness or syncope Fam y history was 
noncontributory, except for his father dying at age 73 of a myocardial Infarction, bu^ with p^°r 
cardiac history. JC's only Ingestion of tobacco products was smoking three cigars pe cardiac history, uu s y s week an(1 tuo cups or oaffelnated 

b:average per day H^an’t^ree to "ur "lometers per day. three days per week, and also regularly used 

an ergometer and lifted weights. 

PHYSICAL. EXAMINATION: 

HeUht 172 cm -eight 7M Kg, blood pressure '20/75 mmHg right arm sitting and 118/70 mmHg left arm 

except a grade 1/6 early systolic short crescendo/decrescendo murmur along the left sternal border -men 

decreased with Inspiration, Valsalva, sitting and standing. 

LABORATORY DATA: v 

Routine urinalysis and screening blood work were normal. The total cholesterol was 221 mgt and HDL 

:: s:-;;, r 



1 «■«(•reise to 71t. The cardiac catheterization 

III- ^n^r:t:r:ri;:cL?ratl^ ni^l coronary arteries without any evidence 
and a normal left ventriculORram. 

films were reviewed, and 
of atherosclerotic disease 

QUESTIONS: 

1. What Is your diagnosis? 

2. 
What are your aeromedlcal concerns and what data are needed to mage an aeromedlcal disposition? 

a what is your aeromedlcal disposition? Should JC be 
he return to flying duties in either an unlimited capacity 

-» i r» r» r* a f f ^ 

disqualified from 
or be restricted to 

further flying duties, should 
tanker-transport-bomber 

H If you return JC to flying duties, how often will 
useful for future surveillance? What is your threshold 

you reevaluate him and what studies will 
for disqualification In the future? 

be most 

Refer to the next three pages for Figures 
2 and 3 of case report JC. 

Turn to page A-l for the diagnosis and discussion of Case JC 



I 
« 

Figure 1 

Case Report JC 



Figure 2 

Case Report JC 
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Figure 3 

Case Report JC 
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CASE K.P.H. 

James R. Hickman, Je., Col, USAF, MC, SES 
Chief, Clinical Sciences Division 

United States Air Force School of Aerospace Medicine 
Brooks Air Force Base, Texas 78235-5301 

K.P.H. is a 36-year-old fighter pilot who was referred for evaluation of pa'pita- 
tions, occurring during +GZ acceleration of greater than t3Gz. He had experienced no 
symptoms at +1G. No syncope, visual disturbances or other neurological symptoms were 
noted. "Lightheadedness" occurred briefly during one episode. The episodes usually 
lasted only a few seconds. 

The past medical history revealed a cardiac murmur discovered r.hortly after gradua¬ 
tion from pilot training. 

Physical Examination: 

His height was 74 inches, weight 150 pounds, blood pressure 120/80 mmHg and heart 
rate was 76 beats/min and regular. The cardiac examination revealed a grade II/VI 
aortic egec-.on murmur, radiating into both carotids, right greater than left. The 
murmur was also audible in the suprasternal notch, where a slight thrill could be pal¬ 
pated. The murmur did not change significantly with postural changes. 

Laboratory Studies: 

The PA chest film revealed milo thoracic scoliosis. The EGG revealed borderline 
right axis deviation. A vectorcardiogram revealed only nonspecific findings. On Holter 
monitoring for 24 hours, ventricular premature beats occurred up to 150/honr or 5/m:n. 
Frequent episodes of ventricular pairing were noted. The M-mode echocardiogram revealed 
diastolic eccentricity of the aortic valve and a suggestion of hoiosystolic posterior 
mitral bowing. Treadmill testing was normal except for two episodes of entricular 
pairing at peak exercise, as well as frequent atrial premature teats. The carotid pulse 
tracing and apexcardlogram were normal. A ^honocardiogram u^morstr^ted probable mid- 
systolic click. No ejection clicks were note^. 

What is your tentative diagnosis? 

What further studies do you feel are needed to make an aetomedical cisposition? 

This aviator was reexamined following the inhalation of amyl nitrite, but no addi¬ 
tional information was gained. A centrifuge study revealel relatively low G tolerance. 
A five-beat run of a wide QRS tachycardia, preceded by pa.red ventricular premature 
beats, occurred during the straining phase of the gradual onset G run. This arrhythmia 
is depicted in Figure 1. 

Figure I - Centrifuge Rlythm Strip of K.P.H. 



r
what is the arrhythmia?
What is your aeromedical disposition at this point?

The aviator then, underwent a left heart catheterization with right and left 
anterior oblique ventriculograms as well as an aortic toot injection. Figures 2 and 3 
demonstrate the ventriculograms.

Figure 2 - Left anterior oblique ventriculogram of K.P.H.
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What iS your final catdiovaaculat diagnosis?

What is your final aatomadical disposition? Plaasa turn to paga ^ for tha casa 
discussion.
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CASE REPORT WS 
by 

William b. Kruyer, Lt Col, USAF, mo, PS 
USAF School of Aerospace Medicine 

Brooks Air Force Base, Texas 78235*530 

HISTORY: 

«S was a AO year old white male, an active duty USAI Command Pilot with 2200 total flying nours and 
1000 hours In the F-15, his current aircraft. In Oct 83 a routine electrocardiogram performed during a 
flight physical examination showed prominent vo’tage In the precordial leads and Inferolateral T wave In- 
vers'on and ST segment depression. These changes had been present on several previous electrocardiograms, 
but the ST - T wave changes were slowly progressive. A treadmill stress test was performed locally to 

evaluate this electrocardiogram and demonstrated, during exercise, 2.5 mm of ST segment dep-esslon beyond 
the baseline changes. Due to these findings, a USAF School of Aerospace Medicine (USAFSAM evaluation was 
requested and was performed ln Jan 8A. He denied any cardiac symptoms, specifically denying chest discom¬ 
fort, pain 1 tat ions, dizziness, loss of consciousness, dyspnea on exertion, pedal edema, paroxysmal noctur¬ 
nal dyspnea, and decreased exercise to -anee. His father died at age 50 with a myocardial Infarction and 
his mother was 61 years old and alive and well. There was no other family history of cardiac defects, 
sudden death, hypertension or diabetes. He smoked two packs of cigarettes per day for 21 years and was 
still smoking at the time of his ev .luatlon. He drank one mixed alcoholic drink per day and no caffeine. 
He lid not have any regular exercise program other than playing 18 holes of golf once per week. 

PHYSICAL EXAMINATION: 

Height 173 cm. weight 35 Kg, blood pressure 112/80 mmHg in the left arm sitting and 11 A/76 mmHg in the 
right arm sitting, pulse 60 beats per minute and regular. Neck was supple without thyromegaly or adeno¬ 
pathy. Lungs were clear to auscultation and percussion. Carotid and peripneral pulses were normal without 
bruits on radiated murmurs. Chest palpation revealed a forceful, nondlsplaced apical Impulse; the apical 
Impu'se was double with a presystolic and a systolic component. S, and S-, were normal. There was a loud 

at the apex and left lower sternal border. There was no ejection click, non-ejection click, S-j or 
diastolic murmur. A grade 2/6 harsh systolic crescendo/decrescendo murmur was heard at the apex and left 
lower sternal border which radiated to the base and increased with Valsalva and standing. Physical exami¬ 
nation was otherwise unremarkable. 

LABORATORY DATA: 

Routine resting 12-lead electrocardiogram Is shown in Figure 1. Figure 2 Is an M-mode échocardiogr¬ 
aphie view at the level of the aorta, aortic valve and left atrium. Figure 3 la an M-mode échocardiogr¬ 
aphie view at the level of the left ventricle and mitral valve. Two-dimensional echocardiography demon¬ 
strated normal chamber sizes, a hypercontractile left ventricle, an Intraventricular septal thickness In 
diastole of 20 mm and a left ventricular wall thickness In diastole of '3 mm. Valvular structures appiared 
normal except for anterior motion of the mitral valve apparatus during systole. WS performed 9 min and A9 
sec of a modified Balke treadmill protocol, reaching a maximum heart rate of 155 beats per minute and a 
maximum blood pressure of 18O/8O mmHg. There was 2.7 mm of ST segment depression from the baseline in the 
inferolateral lecds beginning at 9 minutes of exercise. He denied any symptoms during exercise and there 
were no arrhythmias. Thallium rest and stress scintigraphy demonstrated no perfusion, reperfusion or wash 

out abnormalities. Rest and exercise radionuclide angiography demonstrated a normal left ventricular size, 
no focal wall motion abnormalities, and an ejection fraction of 801 at rest, rising to 881 at maximum 

stress. Ambulatory electrocardiographic monitoring demonstrated 2 isolated premature atrial beats, 2 
uniform. Isolated premature ventricular beats and A beats of supraventricular tachycardia at a rate of 150 
beats per minute. Cardiac catheterization was ultimately performed and demonstrated near obliteration of 
the left ventricular cavity during systole, a resting ejection fraction of 77Í, increased left ventricular 

wall thickness, normal coronary arteries, and no resting left ventricular - aortic presiure gradient. 

QUESTIONS: 

1. 'What Is your diagnosis? 

2. 'What are your aeromedlcal concerns an. what Is your disposition? 

3. If you return WS to flying duties, what Is your threshold for disqualification In the future? 

A. How frequently would you follow WS and what procedures would be most Important for long-term sur¬ 
veillance? 

Turn to page A-3 for the diagnos.s and discussion of Case Wo 
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Figure 1 
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CASE REPORT JE 
öy 

William B. Kruyer, U Col, USAF. MC, FS 
USAF School of Aerospace Medicine 

Brooks Air Force Base, Texas 78235*530' 

HISTORY : 

JF was a 23 year old white male, an active duty U.S. Air Force A7 pilot trainee assigned with an Air 
National Guard Unit In Arizona. In May 1985 during a routine physical examination by the Al.' National 
Guard Flight Surgeon, svstollc and diastolic murmurs were auscultated. He was referred to the flight 
surgeon's office at DavIs-Monthan AFB where these murmurs were again heard. At that time his electro¬ 
cardiogram showed normal sinus rhythm w.th a rate of 70 beats per minute and an RSR1 pattern In lead V, ; 
this was unchanged from an electrocardiogram of August 1982. Radiographic cardiac series with barium 
swallow was normal. JF was subsequently referred to the USAF School of Aerospace Medicine (USAFSAM) for 

evaluation In June 1985. 

At USAFSAM JF denied any cardiac symptoms, specifically denying any chest discomfort compatible with 
angina pectoris, decreased exercise tolerance, palpitations, dizziness or syncope. He had two routine 
physical examinations In August 1982 and February 1985 with no mention of any systolic or diastolic 
murmurs. In April 1985 he had an accident while riding a bicycle. While avoiding collision with an auto¬ 
mobile, his bicycle hit the curb and he was thrown from the bicycle, landing against a signpost with 
significant force. The slgnoost struck him across the lower thoracic and upper lumbar regions of his back. 
He was hospitalized for several days and found to have fractures of the right transverse processes of L, 

thru L, and microhematuria with a normal Intravenous pyelogram. He subsequently recovered without sequelae 
from this accident. No murmurs were noted during that hospitalization however. One month later , murmurs 
were auscultated on a routine examination. His family history was noncontributory except for q father, 
aged 99, who took an unspecified cardiac medication for some type of rhythm disturbance. JF was a non- 
smoker. He drank four beers per week and consumed no caffeine. He had a regular exercise program con¬ 
sisting of lifting welg.-.ts one to one and one-half hours per day, three days per week and Jogging three to 
four kilometers per day, three to four days per week. 

PHYSICAL EXAMINATION: 

Height 182 cm, weight 78 Kg, blood pressure 120/60/0 mmHg In both arms sitting, pulse 52 and regular. 
Physical examination was normal except for the cardiac exam. Carotid and peripheral pulses were hyper¬ 
dynamic. A transmitted systolic murmur was heard over both carotids. Jugular venous pulsations were 
normal and there was no Jugular venous distention. Palpation of the chest revealed a right ventricular 

tap and a nondlsplaced, but somewhat sustained apical Impulse. was decreased In Intensity and Sj was 
normal with normal physiologic splitting. During systole, a grade 2/6 early peaking crescendo/decrescendo 

murmur began after 6, and ended prior to Sj. Also, an early systolic click was heard, at the base, which 
did not change appreciably with maneuvers or respiration. During diastole a grade 3/6 holodlastolic decres¬ 
cendo blowing murmur was heard, along the left sternal border and at the apex, which began Immediately with 

St At the apex there was also a grade 1/6 low pitched rumbling murmur which lasted approximately 2/3s of 

diastole. A soft was also appreciated at the apex and left lower sternal border. 

LABORATORY DATA: 

Routine urinalysis and screening blood work were normal. Total cholesterol was 162 mgi and HDL choles¬ 
terol was 58 mgl, yielding a ratio of 2.8. Resting electrocardiogram (Fig. 1) demonstrates prominent 

voltage, S.SjS, pattern, and an RSR' ln V,. This was not significantly changed from prior tracings. He 
performed 22~mlnutes on a modified Balke treadmill protocol, reaching a heart rate of 189 beats per minute 
and a blood pressure of 195/70 mmHg. ST segment response remained at baseline and there were no arrhythmias. 
Seventeen hours of Holter monitoring demonstrated four uniform premature ventricular beats and 18 Isolated 
premature atrial beats. Figure 2, an M-mode échocardiographie view of the left ventricle at the level of 
the mitral valve, demonstrates coarse fluttering of the mitral valve leaflets during diastole. Left 
ventricular size appears to be upper normal limits to mildly enlarged. At the appropriate view for 
measurements, the M-mode echocardiogram demonstrated a left ventricular Internal dimension during diastole 
of 59 mm. Figure 3. an M-mode échocardiographie view at the level of the aortic valve and left atrium, 
demonstrates eccentric closure of the aortic val/e during systole. Thallium scintigraphy was not performed 
during this evaluation. Rest and exercise MUGA scanning demonstrated a left ventricle at the upper limits 
of normal size, normal left ventricular wall motion, and resting ejection fraction of 611 rising pro¬ 

gressively to 681 at peak exercise. Right and left cardiac catheterization was performed. Right and left 
sided hemodynamics were normal. Mean pulmonary capillary wedge pressure was 8 mmHg. Left ventricular end 
diastolic pressure was 11 mmHg at rest and 19 mmHg following angiography. There was no resting pressure 
gradient across the aortic valve. Coronary arteries were large and free of ’ny atherosclerotic lesions. 

Left ventricular angiography demonstrated normal wall motion and no regurgitation of dye Into the left 
atrium. Calculated ejection fraction was 711. Aortic root Injection demonstrated a normal aortic root and 
two aortic valve leaflets. During aortic root Injection, there was Immediate opacification of the left 

ventricle of a density equal to or slightly greater than that of ti>e aortic root. Clearing of dye from the 
left ventricle paralleled clearing of dye from the aortic root. 

QUESTIONS: 

1 . What Is your diagnosis? 

2. What are your aeromedlcal concerns and wnat Is your aeromedlcal disposition? 
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3. if you return JF to flying duties, wnat Is your thr*shold for disqualification In the future? 

4. How frequently would you follow JF and at what Intervals? 

5. What test or tests would be most useful for surveillance of this case? 

Refer to the next three pages for Figures 1, 2, and 3 of case report JF. 

Turn to page A-4 for the diagnosis and discussion of case JF. 
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Figure I 

Case Report JF 
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CASE R.N. (by Dr Hull) Male Pilot dob 1940

No family"**!story of chest disease and no known contact with cheat disease.
1975 Routine chest xray. Opacity left aoex. Not Investigated.
Nov 1978 Routine chest xray. Opacity still present. Possibly a little larger.
July 1979 Routine chest xray (release medical examination). "Flbro-nodular" left apical 
shadowing still present - ? cavltated.

Tomography - cavitation confirmed.
August 1979 Clinical assessment. Asymptomatic. Weight steady. Smokes 15 cigarettes 
dally (since early adult life). Physical examination normal.
Investigations: Chest xray unchanged vs July 1979. Cavity in left apical shadowing.
Haematology: Hb 15.2

TWBC 10,300. P 67» E 3* B 1* L 23* N 6«
ESR 12 mms In first hour 
Blood film normal 
Serum Na'* 142 imaol/l 

K* 3.9 mmol/l 
Creatinine 109 micro raol/1 
Alkaline Phosphatase 327 lU/L 
SCOT 24 lU/L 
SGPT 42 lU/L

9 Aug 79 Bronchoscopy (GA). Normal.
01 List possible diagnoses. In order of probability

What further tests should be carried out?

Please pass to page A-6 for further details and discussion of case R.N.

PA chest radiograph 
of Case R.N.
(B Aug 79)
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CARDIOPULMONARY SCREENING FOR HIGH-PERFORMANCE FLYING: SELECTION AND RETENTION ISSUES 

G.W. Gray, M.D.,Ph.D.,FRCP(C) 

Surgeon Cer.eral's tonsultant in /viation Medicine 

Defence and Civil Institute of Environmental Medicine 

1133 Sheppard Ave. W, 

P.0. Box 2000, Downsview, Ontario 

M3M 3B9 

The performance characteristics of the new generation fighters place new demands on the human side of 

the man-machine interface, and necessitate a fresh look at the medical screening requirements for current and 

future aircrew. Such reassessment of aircrew medical screening is certainly not a new topic, occuring on a 

cyclic basis with the introduction of each new generation of tactical military aircraft. Adaptations and 

alterations in screening tests for those who fly the new generation fighters was addressed at a 1979 USAF 

Workshop cn "Pilot Selection and Flying Physical Standards for the 1980 s" (1). Most of the recommendations 

from that Workshop are still valid, but the time constants for implementation of medical recommendations are 

often long. A recent AGARD Conference (2) also addressed medical selection and screening issues for fighter 
aircrew. 

Since the approach taken to achieve tactical air superiority by the United States and other NATO 

nations has been to develop and introduce fighter aircraft of the highest achievable quality, as opposed to 

building large numbers of less sophisticated aircraft, this policy decision must be reflected in the medical 

selection of the men who will fly these machines, and the ongoing medical screening of those who already are. 

Aircrew candidates must now be screened using the most modern medical technology for diseases or dis¬ 

orders that are almost certainly to be asymptomatic, and are probably not detectable by standard clinical 

examination, and *.n addition, for diseases that exist only as a future possibility. In the aircrew candidate 

cardiopulmonary screening must be designed to identify structural cardiac abnormalities and cardiac arrhy¬ 

thmias that may be a problem in the high +Gz environment. Individuals with a high potential for developing 

coronary artery’ disease must be identified and screened out. Screening must be included for pulmonary dis¬ 

orders or dysfunction which may compromise human effectiveness in rapid onset high G (ROHG), and high sus¬ 
tained G (HSG) fighter operations. 

Amongst experienced pilots, the incidence of coronary artery disease increases with age, and because 

of the potential for acute incapacitation, the ma’or thrust of cardiovascular screening in this group must 

be to identify individuals with significant disease while it is still asymptomatic. Small airways disease 

increases with age as the lungs get older and lose some of their elasticity, (and all too often are ravaged 

by cigarette smoke) . Although the effect of small airways disease on tolerance to HSG and ROHG has not as 

yet been defined, it seems prudent to screen for advancing disease. A question which begs as yet to be 

answered is whether or not repeated exposure to HSG over long periods of time may cause structural cardiac 

abnormalities, and if so, up to what point these changes are reversible. 

SCREENING TESTS AND S LIEGT ION _S_T_ANE_A RD AI_RCREW _CANDIDATES 

What are we screening^ for? 

1. Structural cardiac abnormalities 

- congenital heart lesions 

- aortic stenosis and insufficiency 

- mitral valve disease, including mitral valve prolapse 

- hypertrophic cardiomyopathy 

2. Conduction defects 

- left bundle bra ich block 

- 2° AV block, Mobitz type II 

- complete heart block 

- AV bypass tracts, WPW pattern 

3. Complex arrhythmias 

- ventricular •’achycardia 

- supraventricular tachycardia 

4. Coronary risk factors 

- total and HDL cholesterol 

- tobacco smoking 

- family history of early coronary disease 

- hypertension 

5 . Small airways disease 

6. Reactive airways disease 
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Whac__aj-e_h_e_tqo 1 s available? 

1. Standard clinical evaluation 

This remains the most important part of the overall evaluation 

incisive history, and careful and thorough physical evaluation, 

are not always ready to divuige medical information, and clincal 

problems for which we are screening. 

, both in terms of an accurate. 

However, aircrew candidates 

examination may not detect the 

2. Scalar electrocardiograph 

The standard 12 lead ECG is still a cost-effective and manpower efficient 

New techniques being evaluated with more extensive multiple lead placements 
information (3). 

means of screening, 

may yield even more 

3. Exercise stress testing 

The exercise stress test may be used to detect cardiac arrhythmias, to detect coronary arterv 

dasease, to evaluate cardtopulmonary fitness, and to assess bronchial reactivity to exercise. 

Amongst the population of young 

disease is very low, the exercise 

place as a general screening tool 

aircrew candidates in whom the 

electrocardiograph, because of 

for coronary artery disease. 

prevalence of ischemic heart 

its lack cf specificity, has no 

The exerctse ECG is a helpful adjunct in the evaluation of arrhythmias detected by other means, 

oweyer, t e significance of arrhythmias including ventricular tachycardia associated with high 

levels of exercise in persons with otherwise normal cardiovascular assessments is not clear anu 
no standards exist for such findings. 

Maximum oxygen uptake can be measured directly during 

which relate heart rate to energy expenditure. There i 

an inverse relation between very high levels of aerobic 

there is no justification for routine exercise testing 
aircrew candidates. 

exercise or estimated from nomograms 

s now substantial evidence demonstrating 

fitness and tolerance to G. However, 

to evaluate cardiovascular fitness in 

In candidates with a history of possible exercise induced asthma, 

bronchial reactivity may provide useful information. 
the exercise assessment of 

a. Amoulatory electrocardiograph 

The Holter monitor is a valuable tool in evaluating candidates with suspected arrhythmias. It 

is, however, a labour intensive investigation for both technician and physician. In addition 

apparently worrisome degrees of ectopy and AV conduction disturbances may be observed in 

apparently normal individuals, and the significance of such findings is unknown, since no standards 

5. Echocardiograph 

Combined two-demenslonal and M mode echocardiography provides direct visualization o) cardiac 

structure and is the best currently available non-invasive tool for assessing cardiac anatomy. 

certain amount of information about cardiac function can also be de-ived. Recent technical 

additions to the echo include colour Doppler monitoring which gives an accurate and sensitive 
evaluation of forward and regurgitant flows. 

Various reports have recommended that the echocardiograph be included in the cardiac screening 
of at least HPF, if not all aircrew (1,2). 

The Canadian Forces recently conducted a study of échocardiographie findings in 672 pilot and 

navigator candidates. These applicants had already undergone standard clinical and electro¬ 

cardiographic screening at a Recruiting Center. During further aircrew medical screening at 

the Central Medical Board at DCIEM, M-mode and 2D echocardiographs were performed. 6.63! of 

candidates had échocardiographie evidence of mitral valve prolapse and of these, only 18% were 

clinically suspected. One ventricular septal defect (clinically suspected), and two biscuspid 

aortic valves were also found. The echocardiograph was confirmed as a useful tool in screening 

aircrew candidates for clinically unsuspected structural cardiac anomalies with aeromedical 
implications in the high G environment. 

6. Coronary risk 

Although the prevalence o. coronary artery disease is very low in the population of young aircrew 

recruits, amongst experienced aircrew it is the largest single cause of cardiovascular morbidity. 

With the clear epidemiologic linking of certain factors such as lipid abnormalities and cigarette 

smoking to the later development of ischemic heart disease, it seems prudent to screen aircrew 

recruits for such risk factors and to reject individuals at apparently high risk from flight 

training. The problem with this approach is that epidemiologic statistics apply only to groups 

and not to individuals, and in the current atmosphere of Human Rights concerns, it is increasingly 

difficult to substantiate the application of such statistical probabilities as selection standards 

to apply to any particular candidate. An alternate approach is still to screen for apparently 

high risk individuals, and then to carefully follow them with regular non-invasive screening for 

the possible development of coronary artery disease. The approach taken, i.e. strict selection 

standards, or careful ongoing screening, depends to some extent as to which approach can be 
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6. Cent'd 

instituted in the particular NATO country. Colonel Hickman's presentation covers -he application 

of risk factor analysis. 

7. Pulmonary function tests 

The question of the relationship, if any, between small airways tolerares to -Hlz has yet to be 

resolved, but based on current knowledge of the effect of accelerative forces on pulmonary function 

it would seem prudent to screen candidates for tactical fighter operations to ensure normal pul¬ 

monary function, and in particular, small airways function. Because of the exponential increase 

in cross sectional airways diameter as airways generations increase, small airways disease can be 

far advanced before it significantly contributes to an overall increase in resistance. However, 

several tests have been shown to be sensitive enough to detect small airways disease at an early 

stage. These were described in the presentation on Pulmonary Function, and include maximum expir¬ 

atory flow volume curves on air and helium-oxygen, and the single-breath nitrogen washout curve. 

It is recommended that these two screening tests by applied to all candidates for tactical fighter 

operations. 

8. Airway challenge tests 

Individuals with a history of reactive airways disease during childhood, or with continuing 

significant symptoms of upper airway atopy during adolescence and early adult years may have 

qurte normal pulmonary function most of the time, yet develop wheezing and significant small 

airway dysfunction given certain stimuli. Breathing cold air, and particularly heavy exertion 

in cold air, or a mild respiratory infection may trigger small airways reactivity. Aircrew 

candidates at times may conceal or minimize such symptoms even when directly questioned. 

Because of the potential impact of small airways dysfunction on aircrew performance in the 

HSG environment, individuals in whom there is the slightest suspicion of increased airways 

sensitivity should be screened with an airways challenge test. This should include any person 

with a history of wheezing episodes in the past, or with a history of continuing significant 

upper airway atopic symptoms. The various challenge tests were described in the presentation 

on Pulmonary Function. 

CARDIOVASCULAR SCREENING RECOMMENDED FOR AIRCREW CANDIDATES 

ALL CANDIDATES FOR SPECIFIC INDICATIONS 

Thorough clinical examination 

Resting electrocardiograph 

Echocardiograph/M-mode + 2D 

Coronary risk evaluation 

Pulmonary Function Tests 

Flow-volume curves on 

air and heliox + SENT 

Chest x-ray 

Exercise stress testing 

Ambulatory ECG 

Echo with Doppler 

Airway challenge testing 

SCREENING EXPFRiENCED AIRCREW 

In experienced aircrew, the emphasis shifts to the detection of cardiopulmonary abnormalities which 

develop with age. The most critical of these because of the potential for acute incapacitation is coronary 

artery disease. Sudden death is the first symptom in up to 30X of new coronary events in persons with 

previously unsuspected coronary artery disease. The prevalence of asymptomatic CAD increases with age, and 

is in the range of 5 to 10X in the 35 - 45 age range. Because of the low predictive value of the exercise 

electrocardiographic stress test in a population with such a low prevalence of disease, it is not of help 

as a general screening tool. Efforts must be aimed at identifying individuals at increased risk through 

analysis of risk factors, and then applying additional screening tests which may include an exercise ECG, 

exercise thallium scintigraphy, and gated nuclear angiogram with rest and oxercise. 

Small airways disease increases with age as a result of a normal decrease in the lung's elastic recoil, 

together with an increasing cumulative dose of exposure to a variety of environmental irritants, including 

cigarette smoke inhaled either actively or passively. Closing volume increases with age beyond adolescence, 

and increasing degrees of airway closure during HSG may reduce G tolerance. By using sensitive tests of small 

airway function, small airways disease may be detected at a relatively early stage when flow obstruction is 

at least to some degree reversible, e.g. by smoking cessation. 
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SCREENING rc:STS RECOMMENDED FOR EXPERIENCED AIRCREW 

ALL AIRCREW FOR SPECIFIC INDICATIONS 

Thorough clinical examination Exerci, a stress test 

Cardiovascular risk assessment * Exercise thallium test 

Electrocardiograph* MLGA scan 

Chest x-ray* Ambulatory ECG 

Pulmonary Function Tests* Echocardiograph 

Flow-volume cur* as on 

air and heliox + SENT 

(*Biannually before ¿»¿e 40 

annually beyond age 40) 

CURRENT ISSUES IN SELECTIONAND RETENTION 

Tobacco Smoking 

The contribution of tobacco smoking to the risk of ischemic heart disease and small airways disease 

is uo longer controversial. We carefully screen both our aircrew candidates and experienced pilots for 

cardiovascular risk, refusing applicants wich even mild but definite hypertension, yet accepting those who 

smoke. The evidence is in, and has been for some time, linking cigarette smoking to ischemic heart 

disease, and to small airways disease, both of which are of major concern in the military aviation envi¬ 

ronment. Even passive cigarette smoke inhalation is being incriminated as a cause of respiratory disease 

in non-smokers. On the flight decks of multicrew aircraft, in standby quarters, in messes and other 

military institutions non-smoking aircrew are exposed to second hand smoke. Yet for a variety of reasons, 

cigarette smoking, although discouraged, is not banned in serving aircrew, and candidates continue to be 

selected who smoke. It is time to stop. 

Efrects of Repetitive HSG on the Heart and Lungs 

High sustained G can produce cardiac arrhythmias, and in animals at very high G, has been shown 

to produce myocardial damage. There have been some reports linking HSG to right ventricular hypertrophy (4). 

The fact is that the long term effects on the cardiovascular system and lungs of repetitive exposure to HSG 

is unknown. 

Exposure to HSG requires the application of respiratory manoeuvers such as the LI and MI, which may 

raise mean intrathoracic pressure, and hence mean pulmonary artery pressure, by more than 60 mmHg. Repe¬ 

titive, frequent application of such pressures may be sufficient to produce pulmonary damage, and to cause 

right ventricular hypertrophy, if not other cardiac changes. 

A longitudinal study of cardiac and pulmonary changes in tactical fighter aircrew is needed to 

clarify these questions. Such a study would be best carried out by a cooperative effort amongst NATO 

nations. Important issues include whether or not there are cardiac changes from HSG, and if there are, 

up to what point they are reversible. 

Minimal Coronary Artery Disease and Coronary Angioplasty 

By carefully screening experienced aircrew for asymptomatic coronary arter/ disease, individuals 

will be found who have minor degrees of disease, or who may have a single lesion amenable to coronary 

angioplasty. Whether or not aviators with minimal degrees of coronary artery xsease may return to flying 

duties is still controversial, as is the question of criteria of what constitutes "minimal disease', since 

even low grade lesions can occlude suddenly with a plaque rupture. Coronary angioplasty is increasing in 

popularity, and aircrew with single proximal lesions successfully dilated are requesting return to flying 

status. The rate of restenosis after coronary angioplasty is high, however, and whether such individuals 

could be safely waivered is also a matter of controversy. If such aviators are to return to flying duties, 

they might better be redirected to multicrew cockpits than return to tactical fighter operations. 
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CASE_ PRESENTATION 

'■ (case cdT' 

ABNORMAL LIPIDS IN AN AIRCI^W _CANDID_ATE 

Dr. G.W. Gray 

Mr. CD is an 18 year old man applying for military pilot training. He 

exercises regularly, jogging 4 to b kilometers at least three times per week 

week. He h/.s never had any symptoms suggestive of cardiovascular disease. He 

arettes per day. 

appears fit and healthy, 

and he plays socco twice 

smokes about twenty cig- 

He 

a 

His father had a mvocardial infarction at age 47, and is still living at 

artery bypass surgery at age 53. His father's younger brother (paternal uncle) 

myocardial infarction at age 49. Both were cigarette smokers, were overweight, 

age 55, following coronary 

has just recently had a 

and mildly hypertensive. 

On clinical examination, 

pressure is 140/90 in each arm, 

lasma. Clinical examination of 

Mr. CD appears to be fit and 

seated, and his pulse 72 and 

the cardiovascular system is 

healthy, and is not overweight, 
regular. There are no xanthomas 

entirely normal. 

His blood 
nor xanthe- 

His resting electrocardiogram shows large amplitude QRS complexes suggestive of 

hypertrophy, but the T waves and ST segments are entirely normal. The echocardiogram 

chest x-ray. 

left ventricular 

is normal, as is the 

His fasting cholesterol level is 240 mg/dl (6.20 mmol/L), and the triglycerides are 125 mg/dl (1.25 

g/L) . 

Does Mr. CD meet your medical selection standards for pilot selection? Do you require any additional 

information to help with the decision? 

His plasma lipids are repeated, 

cholesterol is 245 mg/dl (6.33 mmol/L) 

mmol/L). The repeat triglycerides are 

after a definite 14 hour fast. The plasma is clear. His repeat total 

with an HDL (high density lipoprotein) cholesterol of 3b mg/dl (0.93 

115 mg/dl. 

Do you now have sufficient information to accept or reject this candidate with your current medical 

selection standards? If not, what additional information do you require? 

A further repeat of his fasting plasma lipid levels, sent to another laboratory gives the following 

results: total cholesterol 240 mg/dl (6.20 mmol/L), HDL cholesterol 44 mg/dl (1.14 mmol/L), triglycerides 

105 mg/dl, LDL cholesterol (calculated) 155 mg/dl (4.00 smol/L) . His thyroid function indices are normal, 

as are his screening tests of hepatic and renal function. 

Review of his dietary patterns indicate that he has a relatively low intake of dietary cholesterol, 

having been so advised by his father's physician. He avoids eggs, red meats and dairy products, but does not 

pay particular attention to dietary fat other than avoiding these sources of cholesterol. 

Do you think an exercise stress test would be likely to provide useful information in this young man? 

The exercise stress test shows an excellent level of cardiovascular fitness, based on the estimated 

maximum oxygen uptake. There are no arrhythmias. There is some upsloping ST segment depression in leads 

“during the latter stages of exercise, which are less than 1 millimeter by 80 msec after the S wave. 

Would Mr. CD now meet your medical selection standards? At what level would you place his risk for 

developing coronary artery disease over the course of his flying career? If he is acceptable for selection, 

what recommendations would you have for monitoring him through his career? What recommendations would you 

have for him no', in terms of diet and lifestyle modification? 
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CASE REPORT BV 
by 

William B. Kruyer, Lt Col, USAF, MC, FS 
USAF School of Aerospace Medicine 

Brooks Air rorce Base, Texas 78235-5301 

HISTORY: 

-,, la uhife male was a senior cadet at the U.S. Air Force Academy, Dur,ng a routine 

'-ï 
entrance physical exam f0^* 3Della lo33 of consciousness, nocturnal dyspnea, pedal eoema or 
chest discomfort, pa.pltat ons- ^ P hl3torv was negative for cardiac disease, heart murmur, diabetes 

therapy for streptococcal pharyngitis three years ago and had a generalized rash. 

PHYSICAL EXAMINATION: 

Height 178 cm. -eight 76.5 Kg. blood pressure 
sitting, pulse 56 beats per minutes and regu . contour with a soft transmitted murmur 

S^wls normal with philologie Ipimlng and a normallntenslt^P^. ^A^grade 2/6 early P///////// 

ejection murmur was heard at the base with ra a on -1pction click which did not vary with resplra- 
border. The murmur was preceded, at the base, by a loud ejection click which dl ^ll3alvi an(1 

tlon. The murmur Increased during expiration In the sup ne pos pny3ical examination was normal, 
sitting. No gallops, rubs or diastolic murmurs were heard. The rest of the physical examinan 

This examination Is typical of a bicuspid aortic valve with minimal or no aortic stenosis and no aortic 

Insufficiency. 

LABORATORY DATA: 

valvular structures except for a bicuspid, some treadmill exercise testing was normal and a 

iiourimbulatoryileotrocardlographlc ^//^, deraonstrated normal sinus rhythm, sinus bradycardia and 

13 isolated atrial premature beats. 

DISPOSIfION: 

A waiver request was submitted for flying training and was not granted. 

QUESTIONS: 

1. Would you accept this candidate for flying training? 

2. If yes, would you train him for all aircraft or only tankers-transports-bombers? 

3. What are the short and long term aeromedlcal concerns relating to the natural history of bicuspid 

aortic valves? 

4. If you accept him for flying training, what do you recommend for surveillance - what studies and 

how often? 

5. What 1 s your recommendation regarding Infective endocarditis prophylaxis? 
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DISCUSSION: 

By current U.S. Air Force standards all congenital heart disease is disqualifying for entry into flying 
training. Bicuspid aortic valve would not be walvered for entry into flying training. However, waiver 
would be possible in a trained aviator in the absence of hemodynaralcally significant aortic stenosis or 
insufficiency, other associated cardiac-disease, or any history of infective endocarditis. If aortic 
stenosis were present, its severity might have to be definitively assessed by a cardiac catheterlzutlon. 

Bicuspid aortic valve is one of the most common congenital cardiac defects, occurring in 1-2Í of the 
general population. It is the most common cause of aortic stenosis. The valve has two leaflets rather 
than three; one leaflet is larger than the other and contains a raphe at its midpoint. Eccentricity of 
the valve orifice results. This valve may remain functionally normal throughout life, but may also become 
thickened, flbrotlc, calcified and later stenotic. By age 45, 50% of bicuspid aortic valves have some 
degree of stenosis. Aortic valvular insufficiency is also a common complication, presenting usually in 
the third or fourth decade. Twenty percent of cases of bicuspid aortic valve have some associated cardiac 
anomaly, usually coarctation of the aorta or valvular pulmonic stenosis. 

Aeromedical concerns regarding bicuspid aortic valve, therefore, involve the indefinite risk of 
infective endocarditis and the risk of development during the aviator's active flying career of significant 
aortic stenosis or aortic insufficiency which might be disqualifying for further flying duties. Further 
discussion regarding the disposition of valvular abnormalities in aviators was presented in the didactic 
presentations on Day 1. 

An aviator flying with a waiver for bicuspid aortic valve would be re-evaluated at the School of Aero¬ 
space Medicine, usually every three years. The most important procedures would be history, physical exami¬ 
nation and echo-cardiography. However, a réévaluation includes complete noninvaslve cardiac testing to 
search also for the presence or development of other cardiac con-dltlons, such as dysrhythmia and coronary 
artery disease. If aortic insufficiency developed, rest and exercise radionuclide angiography would also 
be an Important surveillance tool. 

Active duty U.S. Air Force personnel undergo annual dental examination and cleaning, so the risk of 
infective endocarditis is an important concern. Bicuspid aortic valve with complicating insufficiency is 
particularly susceptible, even if the insufficiency is hemodynamlcally insignificant. Infective endo¬ 
carditis prophylaxis is recommended for all cases of bicuspid aortic valve. This particular individual 
would require prophylaxis with a non-penlclllln antibiotic because of his prior allergic reaction. 
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CASE PRESENTATION 

(CASE UP) 

WOLFF -J^I3KJ_NSON_-WH^ITE. ^PATTERN 

' * Dr. G.W. Gray 

Officer Cadet UP is a 22 year old Military College student who has been previously screened and 

selected for pilot training and now goes for his annual aircrew medical examination. He is in excellent 

condition with a high level of cardiovascular fitness. His last electrocardiogram^was done at the time 

of initial aircrew selection four years before and showed left axis deviation (-30 ) and two ventricular 

extrasystoles on the mounted tracing. His electrocardiogram now shows a Wolff-Parkinson-White conduction 

pattern, type A. He has been very active in sports and is Captain of the College soccer team. He is 

unawaie of having had any symptoms of irregular or unexpected rapid heart action, and he has not had any 

episodes of lightheadedness or presyncope. He has completed primary flying school, with 13 hours dual 

and 7 hours solo in a single engine light aircraft. 

Can Officer Cadet UP proceed with advanced flying training, for which he is now scheduled? Yes/No/ 

Maybe (please circle your decision) 

If you selected No, what are your reasons for refusing this dedicated young man further flying 

training? 

If you selected Yes, please justify your reasons for sending a young man with WPW pattern (with 

the potential for serious tachyarrhythmias) into flying training? 

If ypu selected Maybe, what further information would you like to help you with your decision? 

Officer Cadet UP is referred for evaluation by a cardiologist. Clinical evaluation was entirely 

normal at the time of the evaluation. The resting ECG showed the WPW pattern. A treadmill exercise test 

was performed to a target maximum heart rate of 175 beats per minute. Bypass tract conduction ceased once 

the heart rate reached the range of 160 beats per minute, and resumed in a 2:1 and then a 1:1 fashion as 

the heart rate slowed in the recovery period. A 24 hour ambulatory electrocardiogram showed varying per¬ 

iods of WPW bypass tract conduction interspersed with normal conduction. Occassional, infrequent unifocal 

ventricular extrasystoles were noted, but no other arrhythmias were observed. A 2D and M-mode echocardio¬ 

gram were normal. 

Do you think that you can now recommend OCdt WP for flying training? Do you require any additional 

information? If so, what? 

Officer Cadet WP returns to the cardiologist for a "non-invasive" electrophysiologic study utilizing 

an esophageal electrode positioned behind the left atrium in order to perform atrial pacing. The cardiologist 

finds that the refractory properties of the bypass tract are long, (greater than 300 msec), and he concludes 

that there is virtually no risk of atrial fibrillation with rapid conduction across the bypass tract. In 

addition, he introduces a variety of premature atrial stimuli and is unable _o induce paroxysmal atrial 

tachycardia (PAT). He concludes that it is most unlikely that Officer Cadet WP is prone to developing PAT, 

and suggests that he is fit for military flying training. 

Are you now satisfied that Officer Cadet WP is fit? Are there any unanswered questions or undefined 

risks? Are yet further studies required? 



Although the method of stimulation via the esophageal electrode allows the cardiac electro- 
physiologist to define the refractory properties of the bypass tract, a full cardiac electrophysiologic 
study is required to fully define the potential for arrhythmias e.g. in some patients PAT will develop 
only following ventricular stimulation. 

In inexperienced aircrew candidates, such intensive investigation are generally not indicated. 
However, some highly motivated candidates may undergo such investigations privately, and present them¬ 
selves for aircrew selection. If it has been clarified through an invasive electrophysiologic study 
that they have no increased potential for tachyarrhythmias, they might possibly be considered for 
aircrew training. Arguments against accepting individuals with WPW pattern who have had satisfactory 
electrophysio logical studies include the uninterpretability of the ST segment response to exercise in 
the presence of WPW conduction, thus making this test useless for future screening for ischemic heart 
disease. 

Experienced aircrew who have an intermittently conducting accessory bypass tract may not be 
discovered until after they are fully trained. In this case, electrophysiologic studies should be 
undertaken to define the potential for tachyarrhythmias, if they are to be allowed to continue with 
unrestricted flying in tactical fighter operations. 
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CASE P.D. (by Dr Hull) A8e 21 years 

Student pilot 

Age 11 Wheezing attacks ? bronchitis 
Continued to age 16 and ceased spontaneously 
Occurred mainly during summer months 
Treated with salbutamol ("Ventolin") tablets only as required 

Never hospitalised 
No hay fever or eczema 
"Allergic" to cats - watering eyes 
Non-smoker. 

Family history: No asthma, eczema or hay fever. 

01 Would you accept the diagnosis of bronchitis in childhood? 

Age 19 Enlisted for Air Force pilot training 

Age 21 During flying training he had 2 attacks of acute asthma - no obvious cause. 

Second attack - peak flow rate (PFR) 130 L/min 

Good response to bronchodilators. 

Following second attack, grounded and referred for investigation. 

On examination: Looked well. 
Chest - mild generalised high-pitched wheezing. 
CVS and general examination normal. 
FBC Hb 15.2 
TWBC 7.2 - Eosinophils 1.0 = 14% 
Sputum - Eosinophils , Sterile. 
Skin tests - sensitive to a wide range of common antigens. 

Chest xray - normal. 

Pulmoanry function tests: 
FVC 5.5, FEV1 2.7 = 49%. After bronchodilator, 5.6 and 3.7 = 66% 
PFR - On admission 340 L/min with diurnal swing of up to 200 L. 
After treatment, 580 L/min wi-h swing of 100 L. 

Treatment. Bronchodilatois and short course of oral prednisolone. 

Good response (v.s.). 

Continued on full doses of inhaled beta-agonists. Respiratory function 

declined again when oral steroids stopped. 

"Becotide" Inhaler (2 puffs qds) and terbutaline inhaler (ditto) stablised 

PFR at 580 L/min. 
Asymptomatic for several weeks after discharge, whilst on this regime. 

02 Should he be returned to flying training? 

If yes, what should be his further treatment and follow-up? 

If no, why not? 



APPENDIX 

A 1 

Discussion of cases presented in Section 11 as "unknowns" with diag¬ 
nosis and dispos tion to have been supplied by the course attendees. 

Case Page 
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Case RN 
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A- 2 

A-3 
A-4 - A-5 
A-6 - A-7 

Discussion of Case Report JC 

Based on a review of all the Information and the evaluation at USAFSAM, JC was diagnosed as having 
myoperlcardltls, probably viral. Viral titers were not drawn during his Initial Illness and his evaluation 
at USAFSAM revealed no evidence of underlying metabolic, autoimmune, neoplastic or other causes. The 
physical examination acutely described a typical, two-component pericardial friction rub and his symptoms 

responded quickly to Indomethacln but not to nitroglycerin. His electrocardiograms show a typical evolu¬ 
tionary pattern of pericarditis with Initial diffuse ST elevation, followed by return of the ST segments to 
baseline, followed by T wave Inversion, followed by return of the T waves to normal. T wave inversion may 
persist Indefinitely or may return to normal over a variable length of time. His pain pattern was atypical 
for pericarditis In that no positional or respiratory component was appreciated. Also, myocardial Infarction 
may be complicated by pericarditis. His enzymes were elevated compatible with myocardial damage, but this 
occurs In myocarditis as well as myocardial Infarction. Resting radionuclide angiography and two- 
dimensional echocardiography obtained during his acute Illness failed to demonstrate any focal wall motion 
abnormalities consistent with myocardial Infarction. His cardiac catheterization films were reviewed at 
USAFSAM and were felt to be normal with normal coronary arteries and a normal left ventriculogram; we 
disagreed with the local Interpretation of the left ventriculogram. Also, followup studies obtained at 

USAFSAM failed to demonstrate any focal wall motion abnormalities. If he Indeed had a small myocardial 
Infraction, one would have to postulate an embolic event, small vessel disease, or coronary spasm. Small 
vessel coronary artery disease does not really explain this particular clinical presentation although it Is 
a cause of anginal chest pain In the presence of normal m or eplcardlal coronary arteries. The diagnosis 

of small vessel coronary artery disease Is difficult to pistulate, however. In the absence of exercise- 
induced wall motion abnormalities on a stress radionuclide angiogram. An embolic phenomenon and coronary 
spasm are also very unlikely and the clinical picture Is best explained as an episode of viral n.yo- 
perlcardltls. 

Viral myocarditis usually occurs two to four weeks after the flu-llke Illness, but may occur earlier; 
It usually resolves In a few weeks. It Is usually subcllr.lcal, but may be fulminant and fatal during the 

acute phase. In various autopsy studies, V to 101 of routine postmortem examinations disclose evidence of 
clinically unrecognized myocarditis. Some patients may seem to recover completely only to have the illness 
recur or to develop congestive cardiomyopathy years later. 

Viral pericarditis also occurs soon after a flu-llke Illness but 30 to kOt will recur at least once In 
the next several weeks. This probably represents an Immunologic response to the Initial event. Coxsackie 
and Echovlruses are the most likely agents to cause viral myoperlcardltls. A small percentage may also 
progress to chronic constrictive pericarditis. 

The aeromedlcal concerns following a single case of myoperlcardltls are ventricular and atrial 
arrhythmias which may be associated with both pericarditis and myocarditis, progression to congestive 
cardiomyopathy and recurrunce of the myocarditis or pericarditis. After six months observation for re¬ 
currence and evidence for underlying etiologies, a USAFSAM evaluation Is performed. If no arrhythmias are 
found, left ventricular function Is normal, and no evidence exists of constriction or other cardiac de¬ 
fects, a waiver for unrestricted flying duties may be recommended. Because of the concern for future 
complications, particularly the development of constrictive pericarditis or congestive cardiomyopathy, 
followup evaluations at USAFSAM are performed at one to three year Intervals. 

The most important procedures for long-term surveillance, other than history and physical examination, 
are echocardiography and radionuclide angiography to assess for left ventricular wall motion and function 

and ambulatory electrocardiographic monitoring and treadmill stress testing to assess for arrhythmias. 

JC had a normal evaluation and was returned to unlimited flying duties with followup scheduled In one 
year at USAFSAM. 

V 
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Disc'jssion of Case K.P.H. 
This aviator had evidence of significant ventricular arrhythmias. In m^st ero- 

medical services, both military and civilian, the primary question regarding ruch rhythm 
disturbances is: "Is there evidence of underlying organic heart disease, i.e., is there 
anatomic evidence of organic heaft disease?" In this case, the aviator had complex 
ventricular ectopy on Holter and treadmill, culminating in ventricular tachycardia on 
centrifuge testing. Ventricular tachycardia, in the presf-nce of mitral valve prolapse, 
is not considered to be an acceptable arrhythmia by most aeromedical services. Ven¬ 
tricular tachycardia, in the absence of structural heart disease, is acceptable in the 
USAF and FAA (civilian) certification authorities. In the USAF, asymptomatic exercise- 
induced ventricular tachycardia is waivetable only for nonhigh-performance flying. Most 
observers do not view a bicuspid aortic valve as an arrhythmogenic lesion. However, ir 
this case, there is a clear question of mitral valve prolapse. If MVP can be ruled ou , 
this aviator may be considered for a tanker-bomber-transport waiver. When the entire 
disposition hinges on the presence or absence of mitral valve prolapse, angiography is a 
valid aeromedical tool. In this case, the ventriculogram revealed acoustically silent 
mitral valve prolapse with posterior leaflet prolapse and minima) mitral regurgitation. 
Ventricular tachycardia and mitral valve prolapse are an unacceptable comoination for 
any category of flying. The aortic root injection revealed no aortic insufficiency, but 
it confirmed the presence of a bicuspid aortic valve. There was no gradient across the 
aortic valve. In cases of mitral valve prolapse in aviators, any suspicion of aortic 
valve disease or aortic root disease must be vigorously pursued to preclude the presence 
of a common myxomatous process involving the mitral valve, aortic valve and/or aortic 
root. In the great majority of cases, aortic valve disease rn the healthy male is 
usually a congenitally bicuspid valve, an abnormality not associated etio1ogica 1 1 y with 
mitral valve prolapse. Angiography is rarely needed to make the diagnosis of mitral 
valve prolapse, but it must be undertaken in some cases when a definitive diagnosis of 
prolapse is necessary. 
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Discussion of Cise Report WS 

WS has a fr1rly typical presentation of nonobstructive hypertrophic cardiomyopathy (HCM> . Physical 
examination features of HCM Include a harsh systolic ejection murmur heard best at the apex and left louer 
sternal border uhlch, unlike a functional outflow murmur, tnc-eases -Ith Valsalva and standing. Apical 
Imoul'S Is often forceful due to the ventricular hypertrophy. The apical Impulse mav also be doubla If 
there'Is a palpable S, or even triple In obstructive HCM. Carotid pulsations are brisk and In the case of 
obstructive HCM, are tvplcall, t.af.'-lens k loud Su due to the noncompllant hypertrophied .eft ventricle 
Is also typical. Routine electrocardiography demonstrates voltage changes of left ventrlcula. hypertrophy 
and left ventricular strain pattern ST/T wave changes. Echocardiographie features of hypertrophic cardio¬ 
myopathy include abnormal systolic motion or early closure of the aortic valve, left ventricular hyper¬ 
trophy in a variety of patterns, a narrow left ventricular outflow tract In the case of obstructive HC . 
systolic anterior motion of the anterior mitral valve structure, a small and hypercontractlle left ventri¬ 
cular cavity, and decreased septal motion and septal thlcke'-lng during systole. 

WS had many of these typical features. He had a typical systolic ejection murmur and a loud and palpa- 
ole S., on physical examination. His electrocardiogram demonstrates left ventricular hypertrophy with a 
lef- ventricular strain pattern. Ectiocardlography demonstrates abnormal systolic motion of the aortic 
valve left ventricular hypertrophy with asymmetric septal hypertrophy, decreased septal motion and thick¬ 
ening. and systolic anterior motion of the mitral valve. Echocardiography, radionuclide angiography and 
cardiao catheterization all demonstrated a normal s.ze, but hypercontractlle, left ventricle. -15 
have all the classic features of hypertrophic cardlomyopathv because he did not nave a resting left ventrl 
cular - aortic pressure gradient. At catheter,zatIon he had no gradient at rest or exercise but nad a 0 

mmHg gradient provoked with Isuprel Infusion. 

Hypertrophic .-ardlomyopathy Is disqualifying for all flying duties without waiver recommendation be¬ 
cause of Its known predlllctlon for sudden death, supraventricular ana ventricular arrhythmias, chist pain 

which may be Incapacitating, dyspnea and synccpe. 

Supraventricular and ventricular arrhythmias are reported In approxlmatley one-half of all patients 
with HCM; 20% will demonstrate vtatrIc-lar tachycardia during prolonged ambulatory electrocardiographic 
monitoring. Atrial fibrillation may occur In as many as 5 to 10% of HCM patients. Atrlri systole plays a 
maior role In maintaining left ventricular filling and therefore cardiac output In HCM because of the 
hypertrophied, noncompllant state of the left ventricle. Loss of atrial systole during atrial fibrillation 
mav therefore, precipitate sudden congestive heart failure or even collapse. Often the symptoms and 
arrhythmias are precipitated by exercise, so stress testing may be of significant use to disclose 
arrhythmias not present at rest. The arrhythmias, symptoms and Incidence of sudden death do not correlate 
with the presence or degree of the obstruction. Young patients, patients with llttH or no resting gradi¬ 
ent and patients presenting with HCM symptoms at a young age appear to be at partlcul. r risk of sudden 
death. The subgroup of HCM patients with a positive family history of sudden death are at a pa ticularly 
high risk of sudden death. HCM Is the most common autopsy diagnosis of young athletes experiencing sudden 
death. Experience In the literature reports an average 5% per year mortality rate f-om HCM and a 10% 
incidence of Infective mdocardltls. Infectivo endocarditis prophylaxis Is recommended. 

HCM is often transmitted as an autosomal dominant trait, so screening echocardiography of first degree 
relatives of an HCM pat.ent Is extreiaely Important. Screening physical examination Is Inadequate as 50% o 
first degree relatives of HCM patients will have asymmetric septal hypertrophy or concentric hypertrophy on 
echocardiography In the absence of symptoms and with a normal physical examinaron. 

WS was disqualified from all flying duties and was 
screened by physical examination and echocardiography, 
remained asymptomatic and his physical examination and 
his original evaluation. 

counseled to have his first degree relatives 
USAFSAM réévaluation was performed In lep 86. He 

nonlnvaslve testing were essentially urchanged from 
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Discussion of Case Report JF 

JF has aortic 'nsufflclency. His physical examination demonstrates a systolic aortic flow murmur due 
to the increased volume of flow, a holodlastollc aortic Insufficiency murmur, an S3 and Austln-Fllnt 
murmur An Austln-Fllnt murmu- Is the Jow pitched, rumbling diastolic murmur of relative mitral stenosis 
due to"partial closure of the anterior mitral leaflet by the aortic Insufficiency stream. His hyperdynamic 
pulses and sustained apical Impulse are a reflection of the hyperdynamic state of his volume loaded left 
ventricle His pulse pressure Is also Increased. He also has an aortic ejection click, due probably to a 
bicuspid ¡o-tlc valve. Electrocardiography is unremarkable and performance on a treadmill stress test Is 
excellent His M-raode echocardiogram (Figure 2) shows an eccentric aortic valve closure which suggests 
the oresence of a bicuspid aortic valve. Two-dimensional echocardiography confirmed this diagnosis. 
M-mode echocardiography In Figure 3 dhows coarse diastolic fluttering of the mitral valve leaflets; this 
is due to the flow of blood regurgitating from the aortic root back Into the left ventricle during hUstole 
and is a typical finding with aortic valve Insufficiency. Cardiac catheterization demonstrated significant 
aortic Insufficiency graded as k*. but normal resting hemodynamics. JF therefore has angiographic and 
physical examination evidence of significant aortic insufficiency but with no symptoms, and excellent ex¬ 
ercise capacity and mild left ventricular enlargement. The sudden appearance of significant aortic In 
sufficiency In this individual, after several normal examinations, and no history compatible with 
infective endocarditis, raises the possibility of aortic insufficiency due to the trauma occurring with h s 
bicycle accident one month earlier. However, he does also nave a bicuspid aortic valve which is frequently 

a cause of aortic insufficiency. 

Isolated aortic Insufficiency Is usually due to a bicuspid aortic valve; rheumatic heart disease Is a 
very unusual cause of aortic Insufficiency without Involvement of other valves, particularly the mitral 
valve. Infection, trauma and diseases of the aortic root are other potential causes of aortic 
Insufficiency. Aortic Insufficiency results In a volume load on the left ventricle with secondary left 
ventricular dllltation and proportionate left ventricular hypertrophy, resulting In increased left ventri¬ 
cular wall stress. Ventricular ejection Is rapid and stroke volume Increases to compensate for the 
regurgitant volume and Increase in wall stress. Peripheral resistance and the duration of diastole sig¬ 
nificantly affect the amount of aortic regurgitation. 

Minimal aortic Insufficiency may have a normal physical examination, except for a diastolic decrescendo 
murmur along the left sternal border and base which Is Increased during held expiration, leaning forward 
and handgrip. Moderate to severe aortic Insufficiency has hyperdynamic pulses, rapid and possibly 
blsferlens carotid pulsations, hyperdynamic apical Impulse, and a longer, holodlastollc murmur at the base 
and left sternal border which may radiate to the apex. Frequently there Is an ejection click If there Is 
underlying bicuspid aortic valve. An aortic systolic flow murmur Is frequently present due to the 1.- 
creased outflow volume. An apical diastolic rumble of relative mitral stenosis, an Austln-Fllnt murmur, 

may be present. 

Depending on the severity and chronlcity of the aortic Insufficiency, chest radiograph may be normal 
or may show left atrial and left ventricular enlargement. Electrocardiography may de-xonstrate changes con¬ 
sistent with left ventricular hypertrophy. M-mode and two-dimensional echocardiography are useful to 
demonstrate signs of aortic Insufficiency, such as diastolic fluttering of the mitral valve leaflet, and to 
assess chamber sizes and resting left ventricular function and ejection fraction. Rest and exercise radio¬ 
nuclide angiography Is an important tool to assess myocardial reserve as reflected by the ejection fraction 
response to exercise. Cardiac cathterlzatlon may be Indicated to diagnose the presence and/or severity of 
aortic Insufficiency as well as its cause. 

Aortic Insufficiency may be aggravated by frequent exposure. Also ♦G, forces affect the perfusion 
column in aortic Insufficiency, lowering »G, tolerance. Coronary artery blood flow Is also affected In 
aortic Insufficiency due to decrea-ed diastolic filling and the Increased left ventricular mass. Myocar¬ 
dial Ischemia with all Its potential risks Including angina pectoris, arrhythmia and syncope may occur even 
with normal eplcardlal coronary arteries. 

Aortic Insufficiency Is acceptable for continued flying duties In a trained aviator If It Is hemo- 
dynamlcally Insignificant and asymptomatic and no other cardiac defects are present. It Is acceptable only 
for tanker-transport-bomber aircraft due to the concern regarding the effect of repeated *GZ exposure on 
the severity of aortic Insufficiency. It Is not acceptable for entry Into Initial flying training. In 
aviators the subcllnlcal, asymptomatic phase of acrtlc Insufficiency usually extends through an «ntlre 
active flying career. There must be no left ventricular hypertrophy and nonlnvaslve evaluation should dis¬ 
close mild to moderate aortic Insufficiency. If cardiac catheterization Is performed, the aortic in¬ 
sufficiency should be graded as less than or equal to 2* and the regurgitant fraction should be less an 
or equal to 25*. In the case of JF, aortic Insufficiency was graded as M* and the regurgitant fraction 
was 35*. Exercise capacity should be normal with no significant exercise Induced arrhythmias. The primary 
surveillance tools are echocardiography and radionuclide angiography; echocardiography Is used primarily to 
follow chamber size, particularly left ventricular size, and exercise radionuclide angiography Is used to 
follow the ejection fraction response to exercise. Progressive left ventricular enlargement and an abnor- 
mal ejection fraction response to exercise are grounds for disqualification from flying duties and a|be al3° 
grounds for consideration for valvular replacement. Aviators with aortic Insufficiency are reevaluated at 

USAFSAM at one to two year Intervals. v 

During his Initial evaluation at USAFSAM, JF was disqualified for flying duties due to the severity of 
his aortic insufficiency, even In the absence of symptoms. He returned for followup evaluation In October 
1986 with essentially no changes In his history, physical examination, or nonlnvaslve evaluation. Upon 
medical advice, he had discontinued all welght-llftlng. However, he switched to trl-athletlcs at a compe¬ 
tition level. Due to concern regarding the effects of excessive, competitive exercise on his aortic 
insufficiency and left ventricular function, he was advised to ilscontlnue all exercises with a significant 
isometric component, including cycling, and to decrease his aerobic exercise to a more non competitive 

level. 
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Part II Intradermal skin testing (Mantoux 1 : 10,000) was strongly positive. 
Sputum - direct - numerous acid and alcohol-fast bacilli - culture - M. 
tuberculosis resistant to streptomycin, sensitive to all other drugs tested. 

03 What treatment will you prescribe? 

For how long? 

04 May R.N. return to flying duties? If so, when? 

Treatment was started with the following drugs on 12 Aug 1979: 

"Rimactazid 300" tabs 2 per d. (Rifampicin 300 mg *■ Isoniazid 150 mg) 
Ethambutol 1.2 G per d 
Pyrazinamide 1.0 G x 2 per d 
"Limited bed rest" for 3 weeks. 

14 Sep 79 Repeat sputum tests now show no AAFB 
Liver function tests normal (carried out every 2 weeks during treatment). 

5 Oct 79 Discharged on unchanged drug t.eatment. 

4 Nov 79 Readmitted. Well. Some morning cough and sputum. 
Xrays - considerable imnrovement; less shadowing, cavity smaller. 
FBC normal. Film NAD. 
TWBC 7,500 
Liver function tests remain normal 
Pyrazinamide ) . .. 

.., , both stopped 
Ethambutol ) K 
Rimactazid 300 tabs 2 per d continued on discharge. 

3 Dec 79 Readmitted. Continued well. 
Chest xray, tomography - no change vs 4 Nov 79 apart from reduction in cavity 
size to 0.5 cm 

FBC normal 
LFT's normal 
Sputum - AAFB - negative 
FVC 5.15; FEV1 3.B = 73% 

05 How long should drug treatment be continued? 

06 A cavity is still present after 4 months' treatment. ShO'.id surgery be considered? 

10 Dec 79 Closure of the cavity under medical treatment was judged unlikely 
Left thoracotomy and segmental resection carried out 
Uneventful recovery 
Operation specimen - culture positive for M. tuberculosis. 

21 Jan 80 Well. 
CXR satisfactory. FBC, ESR noimal 
Spirometry: FVC 4.4L; FEV1 3.5L = 80% 

07 How long should drug treatment be continued? 

Q8 When may he return to flying duties? 

Q9a If he returns to flying duties. what restrictions are appropriate? 

(Discussion of R.N. continued on next paqe) 
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Q9b When, If ever, may these be relaxed? 

Discussion. Active pulmonary tuberculosis in 
classes is now extremely unusual. In trained 
pressure to abolish routine chest ’-adiography 

adult westerners of the professional 
aircrew it is now so rare that there 
altoge the r. 

R..N. illustrates advantages and hasards of routine chest radiography. His lesion 
was discovered but the radiologist considered and reported it as inactive, healed 
tuberculosis. Action was delayed even when there was increase in the shadowing. ClearV, 
any abnormality in a chest xray of an aviator requires clinical as well as radiological 

assessment. 

Clinical evaluation led to diagnosis and drug treatment. The first few weeks of 
treatment were given in hospital, with "semibed rest". Such conditions make compliance 
probable, and facilitate early recognition and assessment of drug side-el feets, but in 
fact modern drug treatment is as effective in ambulant out-patients as in in-patients, 
and bed rest is required only for seriously ill cases. 

Multiple drug treatment remains essential. Streptomycin and P.A.S. have been largely 
abandoned on grounds of toxicity, except as drugs of Inst resort, for pulmonary TB. The 
drugs used in R.N's case all have serious potential side-effects although he experienced 
none of these. The potential risks are sufficient to preclude flying duties whilst taking 
combined drug therapy, even were the underlying lung oisease mild enough to allow this. 
In general, the only antituberculous drug compatible with flying duties Is Isoniazid. 

After 4 months of drug treatment R. 11. was well, was sputum-negative for AAFB, and 
his xray showed improvement. However, a small (0.5 mm) thick-wailed cavity remained. In 
itself this was unlikely to constitute an aeromedical hazard; almost certainly it com¬ 
municated with a bronchus or bronchiole, and even if not, at this size and surrounded by 
a dense chronic fibrotic reaction, the likelihood of problems from expansion at altitude 
is remote. 

However, resection was advised on clinical grounds. The specimen contained viable 
tubercle bacilli. It is suggested that some bacilli may persist in densely fibrotic 
lesions even after a full course of modern 'rug treatment. Traditionally, persistence 
of a cavity is regarded as unsafe for the sam» reason. In retrospect, the decision to 
submit R.N. to surgery appears well Justified. 

Return to flying after 
recovery and a period of 3 
ride might be requested but 

- thoracotomy and partial lobe resection 
lonttis observation on the ground is usual 
is rarely considered essential. 

depends cn full 
An altitude chamber 

R.N's return to flying was delayed until-he had completed a further 
treatment (v.s). A total of 9 months treatment with modern drugs is now 
near 100¾ cure where compliance has been good. 

5 mon.hs 
known to 

of drug 
confer 

R.N. was asymptomatic at the end of his drug treatment, his chest radiograph remained 
normal (post-thoracotomy) and he was re-llcensed for full flying duties. Thereafter he 
had occasional (6-monthly, then annual) review, though this may be unnecessary with modern 
treatment. 

Conclusion. R.N's case illustrates the following principles: 

1. Any abnormality on the chest radiograph of an aviator should be promptly and fully 
evaluated. Radiological criteria of "activity" or otherwise in any lesion are unreliable. 

2. Though rare, pulmonary tuberculosis still occurs in the military and aviation community. 

3. The outlook for cure with rodern drugs is excellent, but surgery may still be required 
in some cases. 

4. Nine months' grounding is necessary for completion of drug treatment. Thereafter, a 
good outcome is compatible with return to full flying futies. 

5. Unless disease, and hence pulmonary surgery, 
duties 3 months after thoracotomy is likely, prov 

Is extensive, 
iding no other 

a return to full flying 
contra-indications exist. 
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