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PREFACE

Ihe purpose of prospective medicine is to identify the propensity for disease development
at a stage long before clinical pat hology can he detected and then to intervene in the t r ~~e~
to positive ly modify prognosis. Proper u(,li/.alion of currently available data related to readily
ident ifiable risk factors would allow concentratio n of tiedical interest w ithin a relatively sm all
segnien I of the population from w h ich (tie majority of medical prob lems will become tim mi lest ,
wit hout sacr if ice of good medical care for the remainder , and wi t hout detriment to fly ing
safety.

Prospective medicine promotes intervention in the disease process belore the disease
becomes c linically significant and thus offers a real opportunity to significantly reduce man-
Power losses. Ihe prospective medicine approach could also form the basis for significant
revision of current se lection and retention criteria for t h e  military aircrewmen.

l’he following papers discuss various applications of prospective med icine techni ques to
t he practice of aerospace inediiine . These papers dealt w itf i  studies conducted in the special
population of military a ircrcw on the prevalence/ incidence of findings, including multip le
risk assessment s , corre lation of tt ie~e wit h disease risks , and t he results of e f for ts  to modify
t he risk for disease amid I t s  clinical ,nanileslafions.

John hI.TRIEBWASS LR , Col., USAF, MC, ES
Session Organizer
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TIlE CANAD IAN FORCES

L I F E  QUALITY IMPROVEME NT PROGRA ~D4E

by

Capt John E. Jiardsley M.D., Ph.D.
Prol ect Offi cer

Directorate of Preventive Medicine
National Defence Headquarters

Ottawa , Ontar io, Canada
E1A 0K2

Summary

~~The Canadian Forces has introduced a Life Quality Improvement Prograrmne (LQIP) to ‘ ounteract the
ravages of diseases which arise from risks prevalent in most lifesty les in Western Society. These so
called “diseases of choice” will be discussed in terms of their antecedent “self—imposed risks ”. A
discussion of t he  programme concept is given centering around 15 factors and six philosoples deemed
essential for success. The prograimne will evolve in three phases : planning, trial and general imp lement-
ation , under the direction of the Planning Cell . Central in the programme is the individual assessment
which will be composed of various biomeasurements , a Health Hazard Appraisa l, a health questionnaire and
an interview. In support of this central assessment will be an educational/promotional campaign and a
variety of supportive clinics. A general discussion of how we see the programme operating will conclude
this paper. We feel that the programme will be cost effective , but that the most important benefits will
be in terms of enhanced individual health and overall operational fitness of the Canadian Forces.

Introduction

Over the past few years there has been a dramatic shift in the emphasis of health care , from one oi
medical intervention when health is lost , to one of prevention before disease becomes manifest. Although
partly due to the precipitously rising cost of the health care system , the princi pal factor was t’ ie real !—
zation that the big killer diseases in our society are , to a large degree , “diseases of choice ” — that is ,
diseases resulting from those “self—imposed risks ”, prevalent in moat Western lifestyles. Table I gives
an outline of such self—imposed risks with some of the so—called “diseases of chofc, ” resulting therefrom.

_______ ________________ _______
SELF-IMPOSED RISES AND RESULTANT DISEASES OF CtiOjc,E

The following is a list of the more common self—imposed risks prevai ’nt in most
mcdern lifestyles , and some of the diseases of choice resulting from ‘o h .  The,,”
diseases are at least partly preventabl e through lifestyle change .

1. Faulty Nutrition

a. Over—eating — leading to obesity and its c,)nsequt’nc es , such
as d iabetes , hi gh blood pressure , coronary artery diseas,- ,
back problems .

b. Inappropriate Diet — especially of highly re fined carh o hydr ites ,
saturated fats and food additives - leading to hardening ~,t t h e
arteries , high blood pressure , diahe t ’s , cancer , dent al cari es ,
obesity and it s consequences; and

c . In~~~~~~ te Dfet — throug h malnutrition and fad d ie ts le ,adtn g
to assorted deficiencies and low physical resistance and
performance .

2. Lack of Exercise — leading to poor phy sical condition , an,i cc ,nt r tb~it i ng
to obesity and Its consequences , notably tita rt diseis” .

3. I .
~creatio~~~ Relaxa!jon Sleep and Relief j r o n t l n s  t i~ .,nd Socio-

economic Pressures — contributing to thos,’ disea~ e~ of stress , i .e. poor
mental health , sui cide , high blood pressure , heart dis c ,,,,’, peptic ulcers ,
and other psychosomatic conditions.

4. Smoking — contributing to bronchit is , emphysema , heart dia,’as,’, var ious
cancers inc luding lung, larynx , mouth , throat , and bladder.

5. Misuse of Alcohol — leading to alcoholism and it s socio-economic
consequences , accidents , obesity, malnut rition , cirrho sis of the liver ,
b ra in degenera t ion , various cancers including throat and liver.

6. Environmental Pollution — leading to noise damage , depression , poisoning and contri-
buting to poor hygiene and its consequences.
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7. Misuse of Other Drugs (both licit and illicit) — leading to addictton/
dependenc,. and other socto—economic consequences , accidents , malnutrition ,
c,verdosing, and mental diseases.

8. Faulty Hygiene - leading to veneral diseases , skin disorders and infest-
ations , food poisoning.

9. Deficient S~ f~~y - Consciousness — leading to accidents , drownings ,
poisonings - both in the work environment and otherwise.

The reasoning behind such a shi f t  is simp le: if one can prevent the diseases of choice , not only w ill the
overall health of society be enhanced , but countl~ ss so’s’ of money will be saved from one of the largest
of government budgets.

Accordingly, this preventive trend in health has reached into many quarters , and numerous efforts
to do something positive have evolved . Nationally, the most noteworthy of such efforts was the publication by
Health and Welfare Canada in 1974 of “A New Perspective on the Health of Canadians”, the introduction of
Health Hazard Appraisal (till/c), and the “Fit Kit ”, and the subsequent launching of “Operation Lifestyle ”.
Presently, hardly a day goes by without either an article on the subject in the popular or medic~~i press ,
or the introduction of a new campaign or prograame.

Because the health of service personnel is so key to the operational fitness and readiness of any armed
force , this preventive approach to health is particularly relevant. Indeed , certain commanders in the
Canadian Forces have been openly disturbed by the prevalence of certain risk factors , such as obesity and
substandard fitness as manifest by the failure rate in , or medical excusal from , our l~ mile annua l fitness
evalumtjon . And when the Defence and Civil Institute of Environmental Medicine (DC IEM) did a random survey
in 1970 and found that not only was the average serviceman no more physically fit than the average citizen ,
but also significantly overweight , the truth was bared. To counteract such a state of affairs in the
Canadian Forces, several independently—conceived programmes were set up and data gathered from these estab-
lished a high prevalance of “self—imposed risks” in the Canadian Forces. To estimate the overall extent of
hea lth problems caused by such self—imposed risks , the Director of Preventive Medicine looked at assessable
costs in terms of mortality , releases, absenteeism , hospitalization and sick leave in a typical year — 1973 —
(Table II).

TABLE I I

ESTIMAT ED COST OF DISEASES OP C IB)ICE

For replacement of the dead $ 5,900,000
For replacement of the re leased 5 ,800 ,000

For hospitalization 9 ,700 ,000

For wages, ete , of the hospi ta l ized 2 ,700 ,000

For wages , etc , of those on sick leave 1,500 ,000

TOTAL $25 ,600 ,000

When such Costs are totalled , It can be seen that in excess of $25 million was spent for these potentially
preventable causes. The figures are conservative because they do not include such things as time off taken
but not recorded , loss of experience , decreased morale and productivity, etc. Such a situation demanded
action.

The Progra~~e Con~~~,t

Althou gh encouraged by the success of various civilian programmes , and by individua l efforts within
the Canadian Forces, it was obvious that such local efforts would be even more effective if they were part
of s comprehensive , cen trally co—ordinated and standardized programme. The LQIP was designed to be such a
progra~~c. Because it is intended to be a comprehensive effort to alter human behaviour , a task extremely
difficult to execute , several factors are deemed essential to its success:

a. Voluntary Particj~p~~ ion. Based on the premise that health Is an individual responsibility
and changes in lifestyle are thus the individual’s choice.

it. Avai lable to All Service Personnel and Their Dependents. Based on the fact that one person
is a functioning member of a family unit , and cha nging one , demands changes in the others.

c . Multi-dtacjp l inary Approach. Based on the idea that health is everyone ’s bus iness and
that the t ask at hand ii too big to be handled by any one group which probably does not
have all the expertise necessary; also, based on the premise that a co—operative effort
amon g al l principals will he synergistic

d. Central Co—ordination. To enable the sharing of ideas and experiences and allow one
central group of experts to remain up—to—date on happenings around the world.



c. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ Down. If leaders show the way and support the programm e ,
changes of success ar~ enhanced.

f .  Su~j~ort to, and Co-ordination of, Existing Programmes. To gain from the experiences of
such programmes and promote co—operation.

g. Basic Standardization. To enable a continuum of participation when one moves from
base to base .

h. Practi abj~~~y. Must solve problems rather than create them.

j .  ~~i~,ilit . Must be able to adapt to the variety of units within the Canadian Forces.

k. Adep~~te Data_Collection . To enable the determination of the effectiveness of the
programme and to monitor progress of It.

m . Adequate Promotion and Education. To avoid mi sconceptions and unreal expectations .

n. Adeq,~~t e R esourcc’s Available . Based on the fact that you cannot expect someone to do
c c c c e i c c i c c g  u,,i, ’s,, he ~s,s die wicerewi thaji to do it.

p. Aopropriate_Follow~ y~ . Based on the established need for this to maintain motivation , as
well as to monitor both individua l and programme progress.

q. Utilization of the Iost_ t t e  Behavioural Modification Techniques. Including use
of tools such as NBA , and adoption of the concept that we are catalysts not therapi stc
in this endeavour.

r. I~ plementat ion_ in Phases. To ensure adequate planning and trial before large commitments
are made.

The Evolution of t,~~j~!or ,amme

LQIP will evolve in three phases: Phase I — planning; Phase II — trial; and Phase III — imp lementation.

a. Phase I. This is the planning phase wherein the National Defence Headquarter ’s (NDHQ) Planning
Cell (see later) is putting together a model of the LQIP and forecasting the personnel and
eOuipaent necessary to imp lement the programme . It Is estimated that this will be finished by
January, 1978 .

it. Phase II. This phase will be a trial study at  two representative Canadian Forces bases . The
NDHQ Planning Cell will co—ordinate this phase working closely with base and command personnel.
This phase will give valuable data on the effectiveness of the programme , together with feedback
which will allow modification to the programme in terms of approach , personnel and facilities
required. At the end of this phase , which is estimated to commence in January, 1 978 , and run
for about one year , the data will be analyzed and a report sent for approval of the programme .
With approval , Phase III will commence.

c. Phase III. This phase will be the implementation of the programme throughout the Canadian Forces.
The Planning Cell will co—ordinate such implementation and be available for consultation to the
bases and stations as the need arises. At this time , the LQIP will integrate the numerous smaller ,
independently conceived programmes alread y in existence.

Imp lemen tj,~g~ Personnel

We in the military ar( Indeed fortunate since we have a variety of professionally trained resourc,’
people that can be used in a programme of this nature. Thus , we are able to carry out the multi—disci plinary
approach to this field that we deem so essential to our programme ’s success. The following is a list of
thos,’ people that we see as being directly concerned with LQIP:

a. P4~~~~~g,Cell. Composed of four specialist officers at NDHQ in the fields of medicine , nutrition ,
physical education and sociology, and under the co—ordination of the medical member , this cell
will be responsible for the initial planning, implementation , evaluation and continuation of
the LQIP. It will be responsible to the Surgeon General of the Canadian Forcea through the
Director of Preventive Medicine . The Planning Cell will have available to them consultants in a
variety of specialties as required,

b. Researc h and Development Cell. This Cell will consist of the Exercis2 Physiology Section at DCIEM
and will provide the Planning Cell with a research and development capability as the need arises .
This Cell will be primarily responsible for the assessment and evaluation of various techniques
used in the LQIP , and the collection, storage and analysis o f data.

c. Coimnand Level Cell. It is anticipated that the ex ict ing  command s t a f f  will be able to monitor
and exert command responsibilities on a regional basis without any increase in establishment.
This will be achieved by ensuring maximal co—ordination of e f for t  by command staffs.
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d. Base Im2j~~~
ntation Cell. This Cell will consist of the base medical officers , base

dental officers , public health nurse , preventive medicine technicians , personnel selection
officer , food services officer , physical education officer and instructors , padres , drug
education officer , social work officer , general safety officer , fl ight safety officer and
others interested. This Cell will be responsible to the base commander for the assessment ,
appraisal and follow—up of those individuals entered into the LQIP on their base. It will set
up resource clinics and programmes as necessary , and will collect the LQIP data. The
intoduction of periodic medical screening techniques to replace routine physical examinations
will release personnel for the LQIP. As most of these personnel are on base strength already,
there may not be a need for staff augmentation depending on the sL.~e of the base population.

Figure 1 is a flow diagram which illustrates how the programme will function basically. Initially, an
intensive educational and promotional campaign will take place using a variety of media. This campaign will
both introduce LQIP and furnish information on self—imposed risks , diseases of choice and how LQIP can assist
in healthful change. It is anticipated that by the time each unit is capable of commencing an active pro-
gramme , this initial campaign will recruit participants. The rest of the participants will probably become
involved through referral from several sources , incl ud i n g  work , fitness assessments , counselling and medical
and dental visits ; however , we hope that a significant portion will come from the “ripp le effect ”, that is ,
a friend telling a friend telling a friend , etc.

Central to the programme is a means of assessing the health status of participants. Such an assessment
not only supp lies the individual with a means of judg ing his present lifestyle and suhsequent healthful
change , but will supply data to evaluate the overall effectiveness of the programme . This assessment will
have four interdependent segments:

a. Biomeasurement. Risk—related parameters such as height , weight , blood pressure , pulse ,
skin folds , grip strength , aerobic fitness (using a bicycle ergometer), lung function and
laboratory tests (e.g. serum cholesterol and triglycerides).

it. Health Hazard Appraisal (NRA). A computerized health assessment based on mortality data
which gives the participant an indication of the risks to health that his lifestyle
presents , and what can be done to reduce such risks.

c. g~~~ tionnaire. An individual health questionnaire concerning such matters as nutritional
habits , life stresses , and other risk factors not covered in BRA .

d. Interview. Designed to amplify the questionnaire segment , answer any queries the participant
may have , and individualize and personalize the initial assessment and subsequent programme .

Such an initial assessment will furnish a frank and detailed personal appraisal , including the presence of
self—imposed risk factors which could adversely affect future health , and will form the basis of the individ-
ual progranune the participant can follow to enhance his health.

An integral part of the individual’s programme ~iiII be the resource clinics available to assist him in
changing those habits in his lifestyle that he chooses to change after his initial assessment. These clinics ,
with appropriate specialists involved , will be based on the proven “group” principle. A partial list of some
of the more important of these clinics is as follows:

a. Physical Fitness Clinic — assistance with a personally or family tailored fitness programme ;

b. Nutrition Clinic — providing counsel on food purchasing and dietary requirements;

c. Alcohol/addiction Clinic — furnishing treatment and rehabilitation for drug and alcohol problems ;

d. Smokij~g~~,linic — aiding in the cessation of smoking:

c. Obesity Clinic — assisting in weight control; and

f. Mental Health Clinic — assisting in such things as stress , relaxation and recreation.

Such clinics will have educational and supportive elements and will use modern principles of behaviour
modification .

Regu lar , per iodic re—assessment will follow , with concomitant continuing education and encouragement
for the purpose of maintaining the motivation necessary for contin,iation In the programme . Assistance in
th is regard will come from the base cell and the clinics available. Each partici pant ’s programme w i ll  be
continuously modified as need and circumstance dictate.
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FIGURE 1

LIFE (JUALI’FY IMPROVEMENT PROGRAMME FLOW DIAGRAM

The chain of events comprising the LQIP illustrating how the programme commences initially,
and how it is maintained. The list of clinical facilities available is tentative and ,
therefore , subject to deletions/additions as experience will dictate. It should be pointed
out that several of the clinics are already in exiatence and will be incorporated into the
programme.

I REINFORc~~~~ i~js REAPPRAISAL 1
Medical Referral

________________ Dental Referral
CONTINUING REGULAR Spiritual Referral
EDUCATION PERIODIC

I REASSESSMENT
I~~~ Referral to available

____________________ 
suj~portive clinics

J INDIVIDUALIZED Addiction

I ~~~~~~ Hospital Referral

] PROGRAMME Smok ing
Nutrition
Mental Health
Fitness
Safety

Participation as a [ EDUCATION 1 Social Welfare
result of recommendation Heart
from: Birth Control

____________ Venereal Disease
Sick Parade Visit 

~ J INITIAL Family Counselling
Routine MIR Visit ~—.4f HEALTH

(e.g. over 40 medical)- ASSESSMENT
Hospital Admission 
Dental Visit 
Fitness Test 
Counselling ________________

Publ ic Health Nurse INDIVIDUALLY
Visit INITIATED

Wcrk — p~~TIClP AT ION
Family and Friend 

I NTRODUCTORY
EDUCATIONAL

CAMPAIGN

Key Ph i los~~~~ es

A final note on the execution of a programme such as LQIP is in order. Because we are dealing with
the alteration of human behaviour we feel that severa l concepts are key to the programme ’s success. They
are :

a. Negativism! Too much stress h~a been placed on how many lifestyles can adversely affect health.
In this area , we are bombarded constantly with warnings , And this technique is not very successful
if the anti—smoking campaign is any indication. The positive aspects of change seem much more
fruItful ground to cultivate since it gives people something to which to look forward .

it. Fanaticism! We must remember that just because one person is committed to a particular way of
life , does not mean that that way is necessarily the best for others. Fanaticism in our efforts
is not only unnecessary, but usually ends up in an effect opposite to the one desired .

c. j~ patience Another unwanteu trait! We must remember what we are trying to change are long—
established habits that are usually deeply en”,rained in the lifestyle of the individual. We should
not expect changes in such areas to come about overnight. We would do well to remember the old
chinese proverb: “The man who removes a mountain begins by carrying away small stones .”

d. Rj~hts! We must constantl y remind ourselves that each person has a right to the lifestyle of
his choice , regardless of the harm it may cause him. Our obligation is to educate the individual
as to the health significance of his lifestyle , offer him an alternative and the facilities for
change , and then allow him to make up his own mind on the value of such change. In changing
behaviour the individual himself must be convinced of the value of such ci .ige , and be committed
to it , before the change becomes permanen’ .

e. Exampj~~ Good example cannot he underestimated when it comes to altering habits in others. The
old pr inciple in man management of never asking anyone to do something that you would not do your-
self holds true here. Of course , if we are to Set good examples , we must first be convInced of
the value of t h e programme, and then commit ourselves to it.
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f . J eoj ,le! finally, it must be remembered c onstantl y tha t we are c e i l i n g  with people — not cases ,
or numbers , or examples , c~r machines — but peop le - human beings wino l ,v, t h e i r  own prob] ems ,
their own fami l ies , and their own l i ves . It only makes connuon .,e~~~ e that w i c e r i  we t ry  t o  do
something for peopl,’ , we mu st he h uman ,>urselves.

Potential j ~ p act

As s ta ted earlier in this p resent .it ion , a conservative estimate of some $25 million of pub ll funds
is c xp, nded annuall y a~ a result of di~ ea~ es of choice In the Canadian For cc; Programmes s imi lar  t ,, , but
less encompassing t h a n , that described in this paper have been undertake n .ndep~ ndentl y a t  two m i l i ta r y
bases in Canada , without the need for additional staff. These purely voluntary programmes attracted ,l, ,~ t
30 per c ent of the base populations. It has been predicted tha t , had these bases had ava i lable to them t i c ,
wherew i thali  outlined in th is  paper , greater than 50 pe r c e n t  of the population would have entered the j ; r cc-
gramme vo luntar i ly.  It would be naive to expec t tha t half of the Canadian Forces population would adopt
such a programme initially , let  alone suc c ess fu l ly. But , even if one—f i f t h  undertake this programme
suc c e s s fully, abou t $5 million could be saved from the Canadian Forc es budget each year. The co s ts of tine
required Inc rense s in establish ments , facilities , and equipment should not come near to that sum.

However , notwithstanding the programme ’s probable c c c s t  benefi t , t h e most significant results will be
evident in terms of increased producti vity, reduction in loss of man hours due to absenteeism , premature
retirement and death , and the obvious advantages and far-reaching implications to the individual , to say
nothing of the enhanced operational fitness and capability of our Forces .

DISCUSS ION

The discussion that followed this paper was unfortunately not recorded.



THE ROLE OF PHYSICAL EXAMINATIONS
AND EDUCATION IN PROSPECTIVE M E D I C I N E

Walton L. Jones , M.D.

Jean Mockbee

Carolyn K. Snow

National Aeronautics and Space Administration
Was hing ton, D.C. 20546

anci

J. Richa rd  Compton , M.D.

National heal th  Serv ices , Inc .
Washington , D . C .  20002

S ummary

NASA’ s prospective medicine program , which has existed for over a decade , has two
principal elements: physical examinations and an educational program for health awareness.
Participation in the voluntary physical examination program is increasing . In 1976 ,
13 ,621 employees were given par tial or complete examinations in NASA h ealth Units .
This was over one-half of the total NASA work force . From the 941 examinations performed
at NASA Headquarters in 1976 , 522  new p r i n c ipal findings were detected . New equi pment and
techniques in exercise EKG , tonometry , and colonoscopy were partially responsible for this
high rate . The health awareness program includes consultations with physicians , new
training devices and courses , health bulletins , and special screening programs . Epidemio-
logical studies , now underway , will be used to evaluate the health awareness programs .

I n t r oduc tion

The goals of prospective medicine are to promote health and to control in advance those
forces which threaten the health of an individual and , thus , decrease work efficiency and
performance . The National Aeronautics and Space Administration (NASA) has had a prospec-
tive medicine program for over a decade . The NAS A program has two principal elemerts. The
first of these is the physical examination . An annua l physical is offered to all employees
in order to monitor the overall health status of the work force and to identify diseases
at an early stage when they can be treated easily and e f f e c t i v e l y .  The second element is
an educational program for health awareness.  Included within this program are periodic
screening efforts for specific diseases such as hypertension.

The NASA prospective medicine program is growing . A review of its his tory shows that
it has identified and controlled specific health problems . There is also a growing con-
‘/iction that health awareness programs do produce individual heal th benefits and higher
productivity . We are now turning to the techniques of epidemiology to provide concrete
evidence of th&. efficacy of these efforts.

NASA Physical Examination Program

NASA Health Units offer physical exam inations , on a voluntary basis , to all employees .
For those with special risk factors , a complete physical examination is offered every year ,
or more often if necessary . For other employees , a partial examination , consisting of
elaborate laboratory screening, is given annually, and a comp lete examination is provided
at least every third year. The complete physical examination was described previously
(Jones, 1977) . Participation in this voluntary examination proqram is increasing .
Figure 1 shows that participation is now almost 70% in males and over 50% in females. The
age dis tribution of the population of NASA employees and the percentage of those examined
within each age range are shown in Table 1.

NASA Headquarters personne l are a relatively healthy working population. The 1976
death rate was 3 . 2  per 1000 employees . This is less than half the rate of 6.9 expected
when the comparison group is the whole U.S. population with the same age and sex distri-
bution as our employees .

Table 2 shows the number of complete and partial physical examinations given by NASA

Health Units , agency-wide , during 1976. The number of physicals given (13 ,261) shows that
over one-half of the total NASA work force was examined during a one-year period . Table 2
also shows the differential manner in which some of the principal diagnostic procedures
were used .

Headquarters employees account for 941 of the NASA physical examinations given in 1976.
Table 3 presents the principal findings of these exami nations for male and female employ-
ees . For those problems deemed correc table , the employee was referred to his private
physician for therapy . Emergency care is, of course, offered at the NASA facility .
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Table 1

Age Distribution of Permanent Employees
(NASA Headquarters - 30 June 1976)

1 Percent
Age Range Male j  Female 

L
Total Examined

Under 25 10 112 122 52 . 1

25 — 29 35 120 155 57.0

30 — 34 61 95 146 6 4 . 2

35 — 39 91 66 157 6 5 . 3

40 — 44 156 60 216 62.9

45 — 49 198 51 249 57 . 3

50 — 54 217 64 281 65 .0

55 — 59 144 30 174 60 .7

Over 60 54 18 72 67 .2

Total employees 966 616 1572

Average age 46.9  36.0 42 .6
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Table 2

NAS A Phys ical Examination Program
(CY 1976)

Examinations Numbe r

Complete 9,889

Partial 3,732

Total 13 ,621

Diagnostic Procedures

Exercise EKG 5 ,555

Chest x—ray 13 ,879

Proctosigmoidoscopy 2,794

Audiometry 15 ,494

flreast Examination 1,837

Pap S t a in  705

Table 3

P r i n c i pal Diseases and Medica l Findings in

644 Male and 297 Female Employees

(1976)

- 
Male Female

Condition Total % New % Tota l % New %

N -‘op 1~. ems

lieniqo 9 1.4 9 1.4 12 4.0 12 4.0

Malignant 4 .6 4 .6 3 1 .0 3 1.0

heart Disease 18 2.7 4 .6 3 1.0 1 .3

Respiratory Disorders 24 3 . 7  22 3 . 4  3 1.0 3 1.0

h ypertension 108 16.7 28 4.3 23 7.7 6 2.0

Uro—geni tal Disorders 69 10.7 69 10.7 71 23.9 65 21.9

Thyroid 11 1.7 11 1.7 15 5.0 11 3.7

Hernia

Hiatal 10 1.6 10 1.6 3 1.0 3 1.0

Inquina l 11 1.7 8 1.2 0 0 0 0

Diabetes Mellitus 11 2.0 3 .5 6 .0 5 1.7

Obesi ty 128 19.9 74 11.5 33 11.1 15 5.0

Anemia 13 2.0 13 2.0 4 2 14.1 42 14.1

Neuroses 10 1.6 9 1.4 3 1.0 3 1.0

Multiple Sclerosis 1 .2 1 .2 0 0 0 0

hearin g boss 365 56.7 55 8.5 65 21.9 10 3 .4

Gastr o— Intestina l
Disorders 16 2 .5  8 1.2 15 5.0 15 5.0
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As can be seen in Table 3 , the examinations yielded many new findings , even when they
were done on an annual basis. Of the 941 Headquar ters  employees examined , 328 new princi-
pal findings were obtained in male employees and 194 in females . Follow—ups were also
made for 482 disorders which had been identified previously in males and 203 cases in fe-
males . This gave a total of 1,107 positive principal findings of new and old disorders in
Headquarters personnel in 1976.

These data illustrate the value of annual examinations . Many of the disease processes
discovered were time—critical. It is believed that the seven malignancies were found in
time for successful intervention. Many of the 21 benign neoplasms needed differential
diagnosis.

Improvement of Examination Equipment and Techniques

Prospective medicine applied in a modern industrial or Federal health facility can
make an important contribution to employees ’ health . Equipment and techniques more
advanced and elaborate than those usually found in private physician ’s offices can be
employed . Equipment with new capabilities makes possible more reliable measurements and
extends the examination field. A discussion of three examinations in which advanced equip-
ment or techniques were used at NAS A follows .

Exercise EKG

There are considerable efforts underway to demonstrate the value of exercise testing
in identifying the early stages of heart disease. Froelicher and coworkers at the U.S.
Air Force School of Aerospace Medicine (1975) have reported on studies involving their
treadmill testing experience in the U.S . Air Force . They conducted an epidemiologic study
of 1 ,640 asymptomatic men screened with maximal treadmill testing. It was found that 20%
of those with abnormal treadmill responses developed coronary heart disease. This finding
demonstrates that maximal treadmill testing is a valuable screening technique for coronary
heart disease.

In another longitudinal study, Dr. Myrvin H. Ellestad (1977) of the University of
California reported that the incidence of heart disease in individuals with a positive
stress test in his laboratory over a six year period was 61%. Only 7% of those with a
negative response developed heart disease.

One argument against the use of exercise EKG ’s involves cost. However , when cost
f a c t o r s  are related directly to medical effectiveness , this argument loses its validity .
In a study at the NASA Ames Research Center (LaDo u, Sherwood , and hlughes , 1 9 7 5 ) ,  the cost
per positive finding for exercise EKG was $56 .  This compares favorably to a cost of $115
for a positive finding identified by a resting EKG.

At NASA Headquarters , 6-hour dynamic EKG’s are routinely administered before treadmill
testing is done . It has been found that the dynamic tests are more effective than the
treadmill tests in detecting abnormal coronary responses . Several arrhythmias and ischernia
cases have been discovered using dynamic EKG’s.

Tonome try

Early detection of glaucoma in clinical testing is quite important and saves the
vision of many people each year . Unfortunately , the test for glaucoma is considered ob-
jectionable by many , since it usually involves direct application of the testing device
to the cornea . In order to make the testing more acceptable to employees , NASA recently
purchased a Non-Contact Tonometer (Model 12415, manufactured by the American Optical
Corporation). This device reliably measures the intraocular pressure by applanation
using an air pulse increasing linearly with time . Although subjects are surprised by the
puff of air , they experience no pain and give favorable reports about the test. In 1976 ,
NASA Headquarters employees were screened using this device . The pressures recorded
varied from 3 mmhlg to 34 mmllg, as can be seen in Table 4. Individuals with recorded
pressures over 27 mmH g were referred to opthalmologists . Several glaucoma patients got
weekly readings at the request of their opthalmologists . In addition to the screening
program, follow-up examinations were conducted . These follow-ups were accomplished
reliably and with a minimum of lost work time .

Col ones copy

Another examination which is mos t cos t e f fec t ive  in the y ield of positive findings is
colonoscopy . New equipment extends the field of view as much as 165 cm through the use of
a flexible fiberoptic colonoscope . At NAS A Headquarters , a 65 cnn fiheroptic scope (Flexible
Sigmoidoscope , Model F91—S , manufactured by the American Cystoscope Makers , Inc.) abou t
1 cm in diameter has been in use since November , 1976. In the first seven months of use,
62 employees were examined . S ix cases with signif icant findings were detected . All but
one of the lesions discovered were beyond the visibility w i th  the usual 25 cm x 25 mis
r ig id sigmoidoscope . The age distribution and positive findings of those tested are
listed in Table 5.

Two of the employees with positive findings have had surgery , and malignant patholoqy
was estab lished. The early discovery of these lesions improved the prognosis. Thus , the
benefits from the use of this device amply justify its cost. In l91 ( ~, 112 protoscop ies
we re also performed with the standard SigmOidoscope. Of thesn~, the y ield was only seven
cases ;  all were benign.
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Ic i  n t  t ibution o h Me~~sures  w i th

Non—i ‘on tac ‘ t ‘fonunie 3 r i  on
NASA hlt’adquarte rs  I:u~~loyees

No. o f C,nSes
p ‘‘san in (nimbly) J Rigli t t y c ’  

~ - 

Lef t Syc’

3 —  4 0 1

5 —  6 1 0

7 —  8 4 4

9 — 10 It 38

11 — 12 100 124

1 3  — 14 184 l’~6

15 — 16 201 188

17 — 18 163 14 4

1’) — 20 82 79

21 — 22 39 3 8

23 — 24 ~ l IC

25 — 26 8 4

27 — 28 2 3

29 — 30 2 2

31 — 32 0 1

3 3 — 34 0 1

Health Awareness

A p r i n c i p a l  goal of prospective medicine is t 3 ~~’ ma it itenanu’ 0 good he,ilth through an
onc3oinq c’ chijcn t j onal h~roc j r am. ILL’ mos t ef I c,c ’t lye means of e c j u c ’nt ion sh o u l d bc discussions
w i t h the physician a f t e r  an examination . Al l  NASA examinations , whether partial or con—
plc’ t e , are fo l lc ,we h by informative discussions.  One innovation involving pat ien t  educat ion
by physici.,ns is t he f e m a l e  bre,igt simulitor for ins t ruction in nc ’ ) f — e x a m i na t j o n  p iocedu i ies .
The s imulator is  a shell , cont,i i ning four di f f e re i i t  nodulc .o , t h u  I i ts over the pat i ent ’S
c ’ti c’st

C a r c l i c c v , i nc u l,ur Pulmonary Resusci h u t  i c c i i  Training is also c3 ive n by many of I hi’ NASA
cu ’nt erS . Thi’ purpose of thi s Inst m oct ior i  is to provide tr .ni  rui’cI personni’ 1 u t t Ice scen,’ of
a mishap so resusc i t  it  i o n can 3 d e c 1 1 n h c e t o r e  medical help a r r i v e s .  The goa l is  t o  h ive

a I n’” 1 team on i nch floor in each building occupied by NAS A enc pl ccye~’s

Ot her methods of education w hich are being employed to improve the hu’n l th of NASA
emp loyees are bu l le tins , pos ters , and brochures . Recently, NAS A I lead ld lua r tc ’ rs  h,~’q in pre-
par ing bimonthly Health B u l l e t i n s, brochures which provide specialized informa t ion in
c i ndy—read form for employees . Examples , as can be seen in Figuri’ 2 , ,urc ’ “F iber in Your
Di et ,” “ h ypertension and Dietary Sodium,” and “Know Your Odds — —  Have Your Blood Pr n ’ cs u r ”
(‘tc , .ckecl. “ Itul letins planned fo r  the future wi l l  address relaxat ion, hack pain and l i f t  m rig,
exerc ise , smo k ing, and nutritional principles .

Each bulletin provicle.s a three or four paragraph descr ipt ion of the problem , a hr i “I
overv iew cj f  available ob jec t ive  data concerning benefits to be gained from goo d h c ” , l t h c
pract ices in this area , a straightforward indication of the spec i f i c  s t ” pn ;  to be taken
by an employee if he wishes to follow these health guidelines , and references for I cii t hor
reading . Using the bulletin , the employee may weigh the evidence hmmmo ’ l f .  This  alib i o,ic ’h
is preferable for scientific and engineering populations . hience , reaction to the bul-
letins by NASA employees has been quite favorable. This approach is illu strat,ecl by the
lead paragraphs from the “hypertension and Dietary Sodium ” bulletin :

EFFECTS OF SODIUM

“The average American diet is high in sodium cc, im [,~nt because 01 our heavy
reliance on convenience foods and high consumption of snack foods which contain
a lot of salt. The amount of sodium the human body requires is very small ,
perhaps only one-twentieth of the amount we normally consume . This excess
sodium intake may be an important factor in the upward trend of national heart
disease rates.

“There is a direct relationship between the amount of sodium in one ’s diet
and the risk of deve loping hypertension (high blood pressure). The strongest
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Table 5

Pr incipal Findings of Colonoscupy
November 1976 - June 1977

Age Examined J Description - Principal Findings

34 1
40 1

42 2 One case of two benign polyps at
23 cm and 14 cm levels.

43  1

44 1

46 1
48 1
50 5

51 4

52 6

53 3

54 8 One case of diverticula at 60 cm ,
One case malignant pedunculated
polyps , 2.5 cm in diameter at 30 cm;
lobulated , with areas of redness.

55 5 One case of malignan t poly ps a t
55 cm, 1,5 cm in diameter , pedunculated
on a thick stalk.

56 3

57 6

58 5 One case of benign sessile polyp.
1.3 cm in diameter at 38 cm and a
benign columnar pedunculated polyp ,
4 cm in diameter , 1.5 cm high , with
granular hemorrhagic surface.

59 4 One case of benign 2-3 mm sessile
adenomatous polyp at 25 cm.

60 1

61 3
62 1

evidence for the link between sodium intake and hypertension comes from com-
parisons of prevalence of hypertension in a number of the world’s populations.
Many of the world’ s “low blood pressure populations” are preindustrial peoples
who consume only minute amounts of sodium. Those groups which have become more
acculturated increase their use of salt and experience a corresponding increase
in hypertension.

“There is further evidence on the sodium—high blood pressure relationship.
The earliest effective treatment for hypertension was discovered in the 1940’s
by K~ npner who treated hypertensive patients with a rice-fruit diet. The
therapeutic effect of this diet was found to be due to its very low sodium
content .”

Another educational effort which has been very successful involves special screening
programs. While screening is somewhat redundant to the physical examination program , it-
does reach up to 20% of the population which does not participate in the examination pro-
gram. The screening programs it NASA are based on new scientific evidence and modern
technology .

Within the past decade , significant advances have been made in understanding disease
processes and the conditions and exposures which make people subject to these diseases .
Results of large—scale longitudina l investigations , such as the U.S. National Institutes of
Health Frasningham study, are being used by the medical community to assign objective
risk factors to individuals wi th certain traits and practices. This means , of course ,
that the relationship between measurable medical states , such as cholesterol levels, and
personal practices , such as smoking habits , can be used to predict the likelihood of
specific medical disabilities . This information can be used to establish meaningful health
awareness programs to reduce these risk factors for emp loyees .
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HEALTH BULLETINS

Figure 2: Examples oh health Bulletins

A spec ’ ial hypertension t w o  u’is’sn program i t s  been conducted for the past two years
at  NASA hheadquarter s . The programs co in c i d e d  w i t h  the Nat ional h ypertension Awareness
Pn odb ram of t l d u ’ Nat ional I nst ~ t i t en of hie,ul th. In both  1916 and 1977 , the month of Ma y w a s
prccc laimed hiypc’ rt  cius ion Aw am ,‘ni’ss Mo r i t b i  . During t his month , NN;A’ s goa l was to obtain
blood pressunc ’ mcc ” in I lm “scents  tot as many IIe ,udId I c ir t  i rs  employees as possible (independently
of  p h y s ica l ,‘xnuii i  nat ions) . bach pu ‘r non wbio was exami ned recu’  i ved ~u computer printout
which s f c w , ’ c I  his blood pressuli’  read ings and his trend over t h e  years for which medical
recor ds we re  a va i l u h i l , ’  in NASA , his T h o I ,’ nt ro l  level and trend , and the risk of his having
scam ’ c ’,ir,jiovascul,ir d i f f ic u l t  y in the next eigh t  y e a r s .  A sample compu ter p r i n t o ut is
shown in Figure 3 .  I : I c i c a t  ional mat er ia l  wa s a lsc ,  d ist r ibuted to each part icipant. The

‘ c i t  ire t ransac t  l iii iz iv ol v e c h  o n l y 3 l c r ’ ’ u ’  ml nu t’ s Ic r  person . The respons,’ of our emp loyees
was most c ’ i u c ’ouraging . < Sc c< ; , ’iiiii’ 1 day each y e t  , there frequently w i re ’ as many as 20 to

3 0 ju’rsons w a i t i ng  in l i ne  1 c m  t h,’i r turn I o be examined .

In 1977 , over 1 ,000 l,’te rminations were made on emp.:oyees ; some of these were repeats .
Of tIc ’ s,’ i c ’ n , ’ , ’ m c ’ 4 d , I 7t indivielui,i ls ( 19 % )  had blood pr es~~u res ‘l evated above thu normal
ancJ~ - De pend I n’; on the pressure noted , tli, se i n(iiy i duals reds ’  i ved <cs, of t wc messages

on t l ie’ i~r irit <i t . The f i r s t (nesmi ed l e ’  indicated that the h lr c c c <h pi,’ssure was slightly elm—
v at  u - I  and te l v is o ch  a r’- check ,  ‘Phi’ second men nad;, was much stronger and advised individuals
t o  s~ ’’k methcsil at  tent i n  for their problem . Fol low—up procedure’s are c inderway

Discuss ion

‘rho NAS A l r c u i p~ ct iv,’ mc c l I cine program has been in e f t ’ ’ c ’t I or ove r a clecade m m d  is
continually being mcxi i I iec h to achieve au di t ional improvements in employee’ health . The
t W O  principal components of t h i s  program are pi’rirsiic physical examinat ions and an ongoing
educational program .

‘l ice ’ annual e’nu’en inq pr ograms for employees focuses on prob l ems which c,un be cie t oct ed
ear ly  and which generally im’spo nd to appropriate therapy . l)r. Morris F. Collen , a well-
known spec ie l i s t  in pr”veict lye nwohi cine , has noted t h a t  the purpose of physical examina—
ions in an indus t ri al net ting should be to ident i fy  dimc ,’asem; which he calls “poten tially

postponable,” suc h ‘is h’ - a r t  t rouble p red ic ted  by high blood pressure , rather t han diseases
d d b a i nS t  which medi c ’ ,ul science has devised t r,’,itment of only I i n d i t e d e f f e c t  ivei iess (McQuade ,
1977) .  The NASA program is bas ,’c i on this philosophy.
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Figure 3. Computer Printout in Hyperten~on Screening Program (1977)

The role of an educational program , such as provided through the Health Bulletins ,
is more difficult to assess than are the direct results from physical examinations . In
f u ture years , however, we are optimistic that epidemiological procedures will clearly show
that the development of an employee health awareness program is an integral and complemen-
tary part of a prospective medicine program predicated principally on physical examinations.
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nISCiJSSION

Triebwasseru Do yes perform sigmoidoscopy as a routine procedure i rrespec t ive of your employei’ ‘s aqe~

Jones: No. We offer it to all. The General Accounting iffice has investigated emp1c y~’e health
programs throughout the government and criticized many of the agencies for selectively
offering s,’rvices to select groups and individuals. Two years ago NASA departed from this
policy . As a result , a young secretary , only 18 years ~f age will have a sigmoidoscopy if
she so desires . Very few accept; but we really try to sell it if they are in the righ t age
group .

Maclntyre, In your preprint you mentioned exercise electrocardiograms. Do you rnut irc~- ly  do this aid i f
you do, wha t do you do with your positive results?

-Jones : We give an annual examination to all emp loyees and included in that is a st ,ccdard restir’j
electrocardiogram ; and , at least every third year , we offer an exercise electrocardiogram
using the treadmill. But at headquarters, we give a dynamic electrocardiogram , meaning a
longitudinal one lasting at least six hours prior to the treadmill. Ofl  the treadmill . we
only stress these people tu- 55% maximum because as you are well aware , there is quite a bit
of controversy on just who or when sane of these exercise EcG~ s should be done. On one end
of the spectru m is a group that will only do these tests right next to a coronary care Unit .
On the other end there are other people that will just give them indiscriminately .  5,- are
sort of in between. Rut , we have never had an untoward event nor do I war t  ore ,

McIntyre: What do you do when you have a positive test?

Jones: We refer them. If it’ s an emergency we send them out in ambulance ; i f  not , we refer them
via routine channels and follow—up to make sure they go. Now , we can ’ t force them , you
understand , but nearly all of them go to a cardiologist , either of their choice or oume we
suggest.

Mcintyre: What do you want the cardioloqist to do with them?

Jones : Well , put him on treatment. You see we are not authorized to administ’-r treatn.’nt , so we

just detect arid then try to follow—up to see that the individual gets the necessary treatment.

Tr iebwasser: Is the patient informed of a diagnosis at that point, or do you refer them to the cardi-
ologist as a patient having increased risk for future cardiovascular disease events?

Jones: No , we are very frank with all of our employees. Except in the presence of some psychiatric
conditions , we go over the tracings w ith them and explain all potential implications of an
abnormal test. Most of these people are scientists. They want to know . And they are very
understanding and appreciative .



MEDICAL QUALIFICATION PROCEDU RES FOR HAZARDOUS-DUTY AEROMEDICAL RESEARCH
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SUMMARY

Volun teer subjects have been recruited for hazardous-duty impact and vibration acceleration stres s experiments during
the post 10 years. Dental and lumbosacral sp inal abnormalities are the major cause of disqualification. From a group of
1,277 prospective vo lunteers , only 63 (4 .9 percent ) were qualified and only 44 (3.4 percent ) successfull y comp leted the
experimental program.

INTRODUCTION

Aeromedical research efforts conducted by a wide variety of military services have in common the need to properl y
qualif y vo lunteers for the research. The uniqueness of mi litary research using volunteers arises from the unusual and
hazardous environments imposed by mi litary operat ions and equipment . Volunteers have been used in controlled and
potentia lly hazardous studies to measure the response to lowered atmospheric pressure, oxygen depletion, e levated
temperatures , and var ious mechanical forces to list just a few . Usuall y the purpose was to determine the voluntary
to lerance limits of normal healthy, young,ma le adults to altered and hazardous envkonnients. The dominant concern of
this military aeromedical research has been maintenance of optimal function of personne l under adverse circumstances.
This is markedl y different from the medical research directed toward restoring the health and function of clinicall y ill
patients.

The purpose of this pape - s to present the procedures and findings of the volunteer selection program at the Naval
Aerospace Medica l Research Laboratory Detachment (NAMRLD) , New Orleans, Louisiana . This program began with the
selection of U.S . Arm y enlisted personnel for impact acceleration research beginning in 1967 and prior to the establish-
ment of NAMRLD in 197 1. It has continued as the Army—Navy ‘A ircrew Impact Injury Protection Program” at NAMRL D using
U. S. Navy enlisted personne l, and has expanded to include qualifica tion of Navy enlisted and officer personnel for ship
motion research and experienced para chutists for parachute opening shock research. Selection of volunteers for impact
acce leration research has been previousl y reported by the U. S . Air Force (1, 2).

CATEGORIES OF VOLUNTEERS

A tota l of 99 volunteer subjec ts have been qualified for hazardous—duty experimentation between 1967 and 1977. All
of t hese were qualified for programs in which NAMRLD, or the program preceding NAMRLDS establishment , hod medical
responsibility for the volunteers . The volunteers are identified by a number for each of the experimental activities , as
shown in Figure 1 .

Research Act ivi t y Research Grou~~ Vo lunteers~~~~~umber

Impact Acceleration Wayne State University — I through 17
U.S . Army-U .S . Nlovy

Surface effect ship motion Naval Sea Systems Command 18 through 26
experimentation (PMS 304)

Accelerations during military National Parachute Test 27,28,54,55,68,69,91,92,98,99
parachuting El Centro, CA Range and NAMRLD

Impact , vibration, and ship NAMRLD 29 through 53
mot ion experimentation 56 through 67

70 through 90
93 through 97

Figure 1 — Research act vity, researc h group and identification of volunteers by number.



Volunteers #001 through #017 were U.S . Army enlisted personne l, most of them in their firs t tour of enlistmen t
attached to the 28th Arti l lery Group, U. S . Army Air Defense Command, Selfridge Air Force Base, Michigan; ot hers were
attac hed to the U. S. Army Aeromedical Research Laboratory, fort Raduer, A labama; and two of the volunteers were
flight surgeons from the Naval Aerospace Medical Institute (NAMI), Naval Aerospace and Regional Medical Center
(NARMC), Pensacola, Florida.

Vo lunteers #018 through #026 were U.S. Navy officers and enlisted men, and one was a civi lian attached to
Surface Effect Ship Test Facility (SESTF) , Patuxent River , Maryland. They were used in the program to determine human
response to simu lated surface effect ship motion.

The response of volunteers to parachute opening forces was investiga ted using 10 officer and enlisted U.S . Navy
qualified experimental parachutists from the Notional Parachute Test Range, El Centro, California. The remaining group
of 63 volunteers were all recruited as junior enlisted personnel from the U.S. Navy Training Command, Orlando, Florida
at complet ion of basic training . This last group presents the major participants in the impact acceleration, ship mot ion,
arid vibration programs at NAMRLD.

RECRUITMENT OF VO LUNTEER SUBJECTS

The procedures for the recruitment of the volunteer subjects varied considerabl y by category, Fi gure 1. The largest
group who underwent impact acce leration experiments consisted of 63 junior enlisted personne l who were attached to
NAMRLD. Since 1974 various recruiting efforts have been utilized . Each effor t utilized a bulletin board advertisement
of the program at the Navy Recruit Training Command, Orlando, Florida . A presentation was mode to interested recruits
as a group (presentation group) after normal working hours. As a result of the presentation, those with a continuing
interest were immediately interviewe d (interview group). On the basis of the interview , a group was selected for
screening on site (volunteer candidate group). Screening of this group was conducted within 24 hours by reviewing
dental , medica l, and administrative records, and by x—ra y examinat ion of the low back. Every attempt was made to
el iminate those with dental or other known medical defects and those who were administratively unava ilable prior to
x—ray exominatior, of the lower back. Therefore ,of 241 volunteer candidates, only 137 were x—rayed. The remaining
volunteer candidates reported to the Naval Aerospace Medical Research Laboratory (NAMRL), Pensaco la, Florida for
2 weeks of intensive medical evaluation (evaluation group). The volunteers (volunteer group) having completed this
eva luation, reported to NAMRLD, and a detailed and unique research medica l record was established and is currentl y
maintained. Volunteers arriving at NAMRL D were assi gned a subject number. The nominal tour of duty is a year . Those
completing their experimental protocols or remaining for a complete tour constitute the group of successful volunteers.
In summary, the selection process y ields a succession of groups, each one derived from the preceding group, which are:

1. Presentat ion
2, Interview
3. Volunteer Candidate
4. Evaluation
5 . Volunteer
6. Successfu l Volunteer

T he date of each recruitment effort and the results by group are l isted in Figure 2.
Volunteer Medical Uual if ied Successfu l

Date of Presentation Interview Candidate Evaluation Volunteer Volunteer
Presentation Group Group Group Group Group Group

2/11/74 102 27 Ii 4 1 1

3/13/74 40 15 8 3 3 1

4/02/74 101 25 16 6 3 3
4/22/74 95 42 24 6 5 4

6/ 17/74 60 26 15 6 5 5

9/23/74 94 36 24 5 2

1/14/75 180 66 33 7 6 4

4/23/75 69 21 12 6 6 2

10/22/75 131 43 19 9 6 3

4/05/76 141 42 23 11 8 2

7/20/76 71 21 15 6 5 5

8/23/76 192 67 40 18 13 13
TOTAL 1276 431 240 87 63 44

1/17/75 1 ’ I’ 1*
1277

Percentage of
Presentation Group 100% 33.8% 18.9°/~ 6. 8% 4.9% 3.4%

Figure 2 — Numerica l summary of human volunteer recruitment effort at the Navy Recruit
Tra ining Command, Orlando, Florida , Each group is derived from group to left .
* One individual was identified separately from the usual recruitment procedures.



The Army enlisted volunteers were recruited in 1967 and 1968 by circular or verba l advertisement to their parent
command . T hey were the first group of volunteers used in this program, and they were used exclusivel y for impact
acce leration research. Each potentia l volunteer was given a detai led exp lanation of the impact acceleration levels to
be evaluated during the program. For illustration , a fi lm of human impact acceleration stud y conducted at t he U.S .
Naval Air  Crew Equipment Laboratory, Philadel phia , Pennsy lvania was shown. The film dep icted t he type of experi-
menta l arrangement and equipment to be used, and c learl y illustrated the amount of movement of the human head and
nec k that can occur with no injurious effects. Persons desiring to pa rticipate in the program after the above proceedings
were accepted provided that they completed the thorough examination as described below. This effort resulted in
identif y ing a tota l of 38 volunteer candidates in November 1967 and September 1968. From these , 15 subjects , #003
t hrough #017, were qualified and completed their series of experiments w ith the exception of one individual who withdrew .
Subjects #00 1 and #002 were U.S . Navy Flight Surgeons assi gned to the research staf f . The subsequent recruitment
program for Navy volunteers evolved From this experience.

The SESTF volunteers , #018 through #026 (Figure 1), were recrui ted by their parent command. A group of 13
volunteer candidates was originall y sent for medical evaluation anct 9 were considered qaalified and successfull y used.

The eight experimental parachutists who also qualified as volunteers for biomedical research involving parachute
jumps were recruited by their parent command. Although all were qualified for their parachutist act ivi t ies , they were not
necessar il y qualified for biomechanical research at NAMRLD. This discrimination resulted because the experimental
desi gn compared dynamic data from vo lunteers undergoing opening shock in parachute jumps with dynamic data from
impact acce leration experiments at NAMRLD on the same volunteer. Those volunteers willing and qua lified could
part ic ipate in both programs.

QUALIFICATION OF VOLUNTEER SUBJECTS

The volunteer subjects were recruited , evaluated, and used in strict accordance with procedures specified in
SECNAVINST 3900.39, Subj: Use of volunteers as subjects in research , deve lopment, test and evaluat ion, 28 April 1969 .
They perform duty as experimental sublects (3, 4, 5, 6, 7, 8, 9, 10, 11 , 12) , utilizing experimental acceleration or
dece leration devices. Since all the experimental protoco ls call for the use of such experimental devices , the subjects
were qualified for hazardous—duty pay under the provisions of United State s Public Law . The detailed medical qualifica-
tion of eac h individual subject therefore assumes paramount importance. These qualifications are considerabl y more
stringent than the normal medical qua lifications for military service or for various other categories of experimental stress
duty. In effect , each particu lar subject must be free of any defect that would increase his susceptibil ity to injury under
the specified experimental stress , before the subject is ever used in an experiment .

There have been modifications to the medical examination protocol as a result of experience and change s in capability
that have occurred since 1967 when the first Army volunteers were qualified. The following protocol is the one used in
eva luating the 63 Naval recruits attached to permanent duty at NAMRL D, and has been used since 1974 .

This exam ination is conducted by the staff of NARMC, NAMI, and NAMRL, Pensaco la , Florida . It is organized
according to specialty consultations. The consultations required are as follows:

1. Denta l evaluation, wit h full x—ra y examination of all teeth to determine the quality of bite , the status of each
individual tooth , and it s root structure. This is required in order to determine that there is an adequate dental , ging ival ,
and bony bose to support the specialized anatomical mount that holds the inertial instrumentation used in the experiments.

2 . Internal medicine examination by a board qualified specialist. This includes:
(a) Standard 12 lead electrocardiogram with the volunteer fasting and rested.
(b) Exercise electrocard iogram according to the Bruce protocol (13).
(c ) Vectocardiogram , uti lizing the Frank lead system (14).
(d) [chocar diogram in cases of heart murmur.
(e ) Pulmonary function studies with determination of forced exp iratory volume (FEy) , forced exp irator y volume

in one second (FEV1), percentage ratio of FEV to vital capacity (VC), maximum exp iratory flow rate (MEFR) , maximum
mid exp ira tory flow rate (MMEFR), and maximum voluntary ventilation (MVV). A standardization group is available (15) .

(F) Blood chemistries using the SMA— 19 profile which includes calcium, inorganic phosphate , glucose , blood
urea nitrogen (BUN), uric acid , cholestero l, tota l protein , a lbumin, tota l bilirubin, alkaline phosphatose , lactic dehydro—
genase (LDH), seru m g lutornic oxa loocetic transaminase (SGOT), sodium, potassium , chloride, carbon dioxide combining
powcr (CO9) creat inine , serum iron, trig lyceride , and 2 hour post prandial blood sugar. In addition , the beta, pre beta,
and alpha flpoprotein fractions are determined in selected cases.

(g) Hemogram, wh ich includes hemoglobin (11gb), hematocrit (Hct) , red blood cell count (RBC), tota l white
blood cell count (WBC), differential WBC, p latel et count, prothrombin time ( Protime), and partial thromboplasti n time (PTT) .

(h) Urina lysis , wh ich includes appearance , specific gravity, pH, protein , glucose , acetone , occu lt blood, and
microscop ic exam ination of the urinary sediment after centrifugation.

3. Electroence phalog raphic examination with interpretation by a neurologist . The examination includes an effort to
e licit latent seizure activity by hyperventilation and/or photic drivi ng.

4. Ophthalmological examination under the supervision of a board qualified specialis t. Visual acuity, manifest
refraction , tonametry in indicated cases, and visual fields w ith the Goldman perimeter are recorded. Five photographic
views of eac h fundus, centered on the optic disc , are obtained.

5. Musculoskeletal examination by a board qualified orthopedic surgeon including review of the x-rays of the skull
and of the entire vertebral column.



6. Ear , nose, and throa t exam ination by a board qualified special ist w i th  indirect laryngoscopy. Any variation of
ai rway structure is carefull y eva luated . The externa l auditory canals are examined and clea nsed prior to audiometric
examination .

7. Detailed audiolog ical examination by the Acoustical Sciences Division , NAMRL. The tests conducted are pure
tone audiogram, speech audiometry, and tone decay test.

8. Psychological evaluation by t he Personnel Research Division , NAMRL. The specific personality tests employed
are the Guilford-Zimmerman Temperament Survey, Eysenck Personality Inventory, and the Ta y lor Modified Anxiety Scale.

9. Psychiatric consultation and interview by a board qualified psyc hiatrist or a clinical psycholog ist under his super-
vision . In addition to a standard cl inica l psychiatric interview , the Bender—Gestalt test , the Minnesota Mult i phasic
Personality Inventory (MMPI), and t he Graham—Kendall Memory for Design Test are administered to each candidate .

10. Ataxia test ing is performed using a rail test battery of: walk-3/4 —wide-ro il—eyes-open (walk [/0), stand—on-
3/4 -wide-rail-eyes—op en (Stand F/O), stand-on-2~ ‘—wi de-rail-eyes-closed (Stand F/C), and a f loor test battery of:
sharpened Romberg (SR), stand—one-leg—eyes-closed (SOLEC R&L), wa lk-on—floor—eyes-clo sed (WOFEC) . These tests
and results of the standardization group are described (16 , 17, 18).

11 . Detailed consultation by the Perceptual and Behaviora l Sciences Division , NAMRL , for the purposes of specific
test ing of the vestihular system. Severa l examinations are administered over a period of days , and are as fo llows: a
quantitative form of sensation cupulometry using the periodic angular rotator device (PA R), a quantitative measure of
nystagmus us ing the human disorientation device (HDD) , a test of nystagmus possibl y related to otolith function (PATE) ,
the visual vest ibular interaction (VV I) test , the br ief vestibulan disorientation test (BVDT), and dynamic visual acuity
(DVA). Detailed descri ption of each test and partial standardization group data are available (19, 20, 21 , 22, 23, 24).
The resu l ts 0f the VV I , BVDT , MSQ, and PATE are used in an attempt to rank susceptibi l i ty to mot ion sickness.

12. Additiona l vestibular function testing is performed by the Physiolog ical Optics Division , NAMRL. The counter-
roll ing index , ocu logyra l illusion, cold and hot caloric threshold , and Fitzgerald-Hall pike scores are developed from the
tests.  Description and application of the tests are available (25,26,27,28).

13 . X-ray examinations are as l isted:
(a) Poster ior—anterior (P—A), anter ior—posterior (A—F) , right and left latera l of skull , and open mouth odontoid

process view.
(b) A—P lateral , left and r ight obl ique, hyperextension and hyperflexion of cervical sp ine.
(c) A—P chest .
(d) A—P and lateral thoracic sp ine.
(e) A-P standing, recumbent latera l, left and r ight obl ique of lumbosacral sp ine, and coned down view of the

lumbosacro l junction.

In this series of detailed examinations, each abnormali ty identified is carefull y documented. A judgment is made
concern ing the si gnificance of this abnormality with regard to the fitness of each volunteer candidate . In individual cases
furt her rre~dicaI consultations may have been required . Also when a candidate is found to have a disqualif y ing problem ,
subsequent parts of the medical evaluation are often cancelled , thus resulting in an incomplete examination.

Subjects #00 1 through # 017 were qualified by using the some categories of specialty examinations at Pensacola ,
F lorida as described above. The group from which subjects ~O08 through #0 17 were qualified was evaluated at Lyster
Army Hosp ita l, Ft. Racker, Alabama ,in addition to the specialty examinations at NARMC, NAMI , and NAMRL, Pensaco la ,
Florida . However , there were significant differences in certain test procedures. A barium swallow cardiac series was used for
the group from which # 003 through #007 were qualified. Echocard iograms were not available. Ba llistocardiogram s and t i l t  table
tests were a lso administered. A c linical neurological examination, which is not done currentl y except on request by one of the
ot her specialty examiners, was done. Additional tests of vestibu lar function have been added as they have been devel oped
at NAMRL, Pensacola, Florida.

Subjects #018 through #026, p lus the 10 parac hutists , were not screened by the sychiatric consultant because of
proven personality stability evident from their service experience . Otherwise their ~aminations were identica l to
t hose for the 63 Naval recruits assi gned to NAMRLD.

RESULTS

T he volunteers , from which subjects # 003 through #017 were qualified , were recruited at separate times. The first
group, subjects #003 through #007, was qua lified from a list of 22 volunteer candidates identified November 21 , 1967 .
The defects of those disqualified are listed in F igure 3. The classification system for categorizing defects was adopted
from ‘Standard Nomenclature of Diseases and Operations” (29). (Note: The topographical classification was used with
the addition of the categories dental , administrative , extraneous, and wi t hdrew.) Six were disqualified for unspecified
reasons , presumabl y vo luntary withdrawals. Four were disqua lified due to dental defects of various types. Three cand i-
dates had disqualif y ing muscu loskeletal anomalies. One had bilateral spondy lol ysis , and anot her had an old fracture of
the s ixth cervical vertebra . The th ird had sacralization of the fifth lumbar vertebra and cervical osteoarthrj tis . This last
subject also had an abnormal electroencep halogram. The othe r four subjects were disqualified because of:

1. Significant cardiac murmur.
2 . History of hematuria .
3 . History of concussion.
4 . Excessive myop ia.

This yields a qualification rate of 23 percent of the volunteer candidates, One withdrew prior to si gnificant experimenta-
tion, thus y ie lding four success ful volunteers.



SYSTEM
Muscu losl.eletal 3

Cardiovascular 1

Dental 4

Urogeni tal

Nervous 2

Eye 1

Unspecified (Presumed
voluntary w ithdrawals) 6

Fi gure 3 — Disqualif y ing defects by system of Army voluntary condidates from which #003 through #007
were qualified . One candidate had disqualif y ing defects classified in two systems.

Ten volunteers , # 008 through #0 17, were selecte d from a volunteer candidate group of 16 individuals in September
and October 1968. The cause for disqualification of the six individuals is unknown . A ll of the qu~ Iif ied volunteers
successful l y complete d the experimental program .

The 9 subjects , #018 through #026, were qualified from 13 volunteer candidates nominated from SESTF personnel . The
four disqualified candidates and their disqualif ying conditions were:

1 . Candidate 1 , goiter .
2. Candidate 2 , hypertension
3. Candidate 3, card iomyopathy.
4 . Candidate 4, history of recurrent renal calculus disease.

V/ hen candidate 1 was examined by the internist , he was found to have a previousl y undetected enlarged th yroid.
Although he appeared cl inical l y euth yroid, the presence of this si gn ificant unexp la ined abnormality required certain
specia lized studies in order to establish the etiology of the goiter . After the examination at Pensacola, Florida was
terminated , the candidate was disqualified , and was returned to his command with the recommendation that definitive
th yroid studies be undertaken. After the appropriate investi gat ions, cand idate 1 was found to be euth yroid and his cond i-
t ion was diagnosed as simp le , non-tox ic goiter. Candidate 2 was found to have a history of significant hypertension with a
previous ly reported e levation of vanilmande lic acid (VMA) and catecholamines from a 24—hour urine specimen. He was
hospital ized at the National Nava l Medical Center, Bethesda , Mary land, for eva luation of the elevated blood pressure and
abnormal urine chemistries . No evidence of pheochrcmocy toma was found, and his condition was ultimatel y diagnosed as
benign essentia l hypertension. Candidate 3 was felt to have an earl y cardiomyopothy of uncertain etiolagy. Pertinent
physica l findings consisted of a t hird sound, demonstrated by phonocard iography. There was no evidence of cardiac decom-
pensation. The examining internist te l t  that he should not be subjected to the stress of motion experiments. He was
disqualified and counse led as to the nature of his condit ion . No further stu dies were recommended . Candidate 4 was found
to have a his ory of rena l calculus disease, documented by two hospital admissions for flank pain and hematuria , and
additiona ll y by one ep isode of passing a ca lculus while urinating, accompanied by hematuria . Rena l calculus disease is
suspected to be aggravated by vibration (30) and thus candidate 4 was disqualified. No further stud ies were recommended .

There were 240 volunteer candidates identified at the Naval Recruit Training Command, Orlando Florida. OF this
group, 153 were disqualified at Orlando based on a brief interview , lumbosacral sp ine x—rays , rev iew of dental records ,
and rev iew of serv ice records with the results listed in Figure 4 . Three individuals had multi ple reasons for being unacceptable.
One hod musculoskeletal defects and voluntaril y withdrew . It should be noted that not all of the 240 volunteer candidates
at Orlando had x—ra y examinations of the low back. Every attempt was made to identif y those with dental defects and
administrat ive confl icts prior to undergoing x—ray examination. Onl y 136 volunteer candidates underwent lumbosacra l sp ine
x—ra ys at Orlando. In addition, one cand idate ordered to NAMRLD in error underwent lumbosacra l x—rays , mak ing a total
of 137, Figure 5.

Number of Candidates
Condition Disqualified at Orlando Percentage

Dental 53 22. 1%

Administrative 38 15.8%

Extraneous 5 2.1%

Musculoskeleta l 29 12 .1%

Withdrew 25 10. 4%

150

Multiple 3

153

Figure 4 — Causes and rate s of disqualification among the 240 volunteer candidates at the
Naval Recruit Training Command, Orlando, Flor ida .



The category of musculoskeletal defects is the most interesting. Most defects involved the low back area and were
evident on x-ray. There were 31 individuals disqualified because of low back problems identified at Orlando. Three of
these had sp ina bif ida occulta (SBO), usuall y of the first sacra l vertebra and were disqualified in 1974. After review
of t he literature and extensive consultation, it was decided to accept individuals with SBO provided that it was limited to
the fifth lumbar vertebra (L ) or S~, that it was sma ll , and was not assoc iated wi th a history or physica l findings to suggest
neurological invo!vement (ii). Therefore, under current criteria , these three would not be disqualified . Fourteen had
spondy lol ysis wit h or without spondy lolisthes is. Nine had lumbarization of S 1 or sacralization of L5. Six had abnormal and
excessive sco liosis including one who also had spondy lol ysis. One had vertebral osteochondros is and also spondy lol ysis.
Another one had a history of neck injury with persistent symptoms thus bring ing t he tota l to 32 individuals , who were
identified and disqua lified at Orlando with musculoskeletal defects. Additiona lly, there were three more cases of spondy-
lol ysis , one case of lumbanization of and one case of vertebral osteochondrosis diagnosed after examination in Pensacola .
One case of Iumbanization was accepted and used as a volunteer. Another case of excessive sco liosis was disqualified at
New Orleans shortl y after acceptance. The rates for these four conditions in the 137 individuals evaluated with law back
x—rays are give n in Figure 5 . None of t hese individuals would be considered disqualified for military service unless they had
symptoms associated wit h the physica l findings.

Orlando Pensacola After Acceptance Total Percentage

Spondylol ysis 14 3 0 17 12. 4%
Lumbanizat ior%/sacrolization 9 1 1 i i  8.0%

Excessive Scoliosis 6 0 1 7 5. 1%
Other 1 1 0 2 1 .5%

Fi gure 5 — The cases and overall rate of disqualif y ing defects observed on Iurnbosacrol x-rays of
137 Nava l recw it volunteer candidates for hazardous—duty research. Two volunteer
candidates had two disqualif y ing defects . Thre e candidates , disqua lified because of

SBO, are not inc luded.

The dental criteria for acceptance as a volunteer candidate were unusually high, because of the requirement to form a
stain less steel casti ng of the hard palate and maxillary teeth. This casting is used as a platform for inertial instrumentation
during impact acce leration experiments (5) . All volunteer candidates w ith multi ple maxillary extractions , periodontal
disease, unfi lled caries requiring more than simp le restoration , and malocclusion that would interfere with the impression
procedure were disqua lified. Due to the excellent records available on the recruits , this review was easil y done in Orlando .
Twenty—two percent of the 240 volunteer candidates were dentall y disqualified at Orlando prior to being sent to Pensacola
for definitive medical evaluation. Also , it was possible to construct a steel mouth mount on every qualified subject , and
once a subject wac qualified, he was never lost from the program because of dental reasons.

Administrative losses were limited to those who were enrolled in Navy traini ng programs that precluded the time for
them to spend a year at NAMRLD as a volunteer , or indiv iduals who were judged unsuitable based on review of their sen. ce
record. T he extraneous category inc luded only those known to have used unauthorized drugs.

Twenty—four of eighty—seven individuals were disqualified in Pensacola for a wide variety of reasons , with 35
disqualify ing defects listed in Figure 6. Since the policy was to terminate the examination as soon as a disqualif y ing defect
was found, it is possible that other undetec ted problems existed in a disqualified subject but were not detected . The major
category of disqualifying defects is muscu loskeletal , despite the effort to rule out all case s of lumbosa cra l spinal defects before
reporting to Pensacola . These included three cases of spondy lolysis including one with spondylo listhesis and one case of
lumbarizotion of S~. It is obvious that these were missed during the examination in Orlando and are mentioned in the above
paragraph, Figure 5. There were four other individuals w ith miscellaneous musculoskeleta l defects .

Psychiatric 7
Integumentary 0
Musculoskeletal 8
Respiratory 4
Cardiovascular 2
Hemic—Lymphatic 1

• Digestive 1
Dental 0
Urogenita l 0
Endocrine
Metabolic/Biochemical 0
Nervous 4
Eye 1
Ear
Administrative 0
Extraneous 3
Withdrew 2

F gure 6 - The disquaflfying defec ts of the 24 individuals disqualified during intens ive medical
eva luation at Pensacola, Florida, tabulated by system .



Th e second n.ajor group of disqualif y ing d, rec t s was psychiatric , and due primaril y to behaviora l and situational
disorders such as alcoholism, depression, or anxiety reaction associated wit h military service . A diagnosis of psyc hosis or
neurosis was never mode. The nervous system defects were due to mildl y abnormal electroencephalograms without clinica l
diagnosis. The other disqualif y ing defects were distri buted among the various systems .

In addition to finding disqualif y ing defects , it is a lso necessary to identify non—disqualif y ing defects on vo lunteers .
Virtua lly every qualified candidate had minor defects requiring documentation and evaluation, and usually he hod more than
one such defect . Non—disqualif y ing defects are summarized for the 15 Army volunteer subjects #003 through # 017 in Figure 7.
Of the 15 volunteers , 2 had no defects , 3 had one defect , 5 had two defects , 4 had three defects , and 1 had four defects.
Aga in the musculoskeletal category was the most prevalent with eight individuals manifesting musculoskeleta l defects . One
had a Iumbarization of 

~i and an old compression fracture of the eighth thorocic vertebra (T 8) with wedging. Another had
sacra lization of L5• A t hird had dorsal disp lacement of L

5 
on S 1. These three volunteers would be considered disqualified

by current standards. A case of sp ine bifida occulta of L5 and a case of Schmorl’s node of the superior surface of L2 were
acce pted and would also be accepted at this time. However, at one po int during the program, such cases were disqualified.
The other cases of non-disqualify ing defects of concern were two cases of persistent or intermittent e levated diastolic blood
pressure and three individuals with borderline elevated diastolic blood pressure and t hree individuals with borderline
elevate d 2-hour post prandial blood suga r. Most of the eye and ear problems were refraction errors and minimal high
frequency hearing loss. The other defects were miscellaneous and incidental.

SYSTEM
Psychiatric 1
Integumentory 0
Muscu loskeletal 8
Resp iratory 1
Card iovascular 2
Hemic- Lymphatic 2
Digestive 0
Dental 0
Urogenita l 3
Endocrine 0
Metabolic/Biochemical 4
Nervous 0
Eye 4
Ear 3
Vesti bular 1

Fi gure 7 — Non-disqualify ing defects of 15 qua lified U.S . Army volunteers , # 003 through #017.

Of the 13 SESTF candidates who were evaluated, 9 were qualified, and 4 were d squalified. The medical defects of the
qualified candidates are listed in Figure 8. Three categor ies of defects are prevalent , the percentage of qualified volunteers
w ith common defects in these three categories are:

1. Defective visual acuity (55%)
2. Mild hearing loss (33%).
3. SBO (33%) .

SYSTEM

Psychiatric 0
- lntegumentary 0

Musculoskeleta l 5
Resp iratory 3
Cardiovascular 2
Hemic—L ymphot ic 1
D gestive 0
Dental 0
Urogenital 1
Endocrine 0
Metabolic/Biochemical 1
Nervous 0
Eye 4
Ear 4
Vest ibular 0

Figure 8 — Non—disqualif ying defects on nine qualified Surface Effect Ship Test Fac ility crew members

The rate of SBO is consistent with our previous experience in qualif y ing human volunteers for impact acceleration
exper iments. Since the spinal defect was minima l and the planned simulations were thought not to impose a major stress on
the vertebral column, the subjects with SBO were qualified . Subjec t #020 indicated an abnormal 2—hour post prondial blood
sugar. However,follow—upstu dies revealed no abnormal ity which could be definitivel y termed “d iabetes mellitus ,” and
therefore he was eventuall y qualified to participate in the motion study. Subject p026 was found to have congenital
hereditary spherocytosis previousl y treated by splenectomy. He was found to have normal hemoglobin levels , comp l ete
remission of symptoms, was considered to be in good health , and hence not an excess risk.



There were 63 Navy recruits qualified as volunteers for hazardous—duty biomechanical experimentation. As in the case
of ot her groups of volunteers , a lmost every volunteer had one or more notable , non—disqualif y ing defects. The defects
wit hin each system are tabulated in Figure 9. If an individual had multi ple defects within a system , only a single entry is
made . There were 195 defects by system for the 63 volunteers. Musculoekeletal defects were present in 34 individuals.
Twenty—one individuals hod a mild degree of scoliosis , but it was not considered disqualify ing. Anot her one had sufficient
sco liosis of the lumbar spine and kyphosis of the cervical sp ine that he was disqualified after acceptance. One subject with
lumbari zation of 

~i 
completed the experimental protoco l but should have been disqualified, Figure 5. Another subject with

hypop lostic neural arch of C 1 completed the experimental program but should also have been disqualified . Seven subjects
hod spina bifida occul ta of 15 or S 1. The remaining musculoskeletal problems were highly variable and incidental.

Most of the 24 individuals with eye abnormalities had refractive errors , phorias, or tropias. Most of the 28 individuals
wit h ear problems had high frequency hearing loss . The 12 with vestibular non—d isqualify ing defects had abnormal ataxia or
vesti bular physio logy test results on one or more tests without confirmation of a clinical abnormality.

Of the 24 individuals with non-disqualifying resp iratory defects , only 3 had abnormal pulmonary function tests , and t hey
were a ll of the obstructive type . All the other individuals had either nasa l septal deviation, allerg ic rhiniti~, or incidental
hypertrophic changes noted on sinus x—rays

T here were 17 individuals with metabolic/biochemical abnormalities which consisted of one or more abnormal blood
chemistry determinations. No c linical diagnosis was rendered even after careful evaluation of the biochemical anomalies.

rhere were 23 individuals with non—disqualify ing defects of the card iovascular system . Sixteen individuals had “benign’
systo lic ejection murmurs . Recently it has been decided to evaluate all such murmurs with echocardiography because of the
possibility that minor structural changes to the mitral and/or aortic valves could account for the murmurs. Information on this
effort is not yet avai lable. Six volunteers hod non—pathological variations of rate or rhythm in the either the standard electro-
cardiogram or the vectorcard iogram. One had a saphenous vein stri pping for unk nown reasons.

The other categories of non—disqualify ing defects had a low f requency of occurrence. These were incidental problems
and although classified by system, they were etiolog icall y disparate . The hemic—l ymphatic defects were due to benign
hypertrophy of lymphatic tissue or abnormalities of the hernogram which were without clinica l importance.

SYSTEM

Psychiatric 9
Integumentory 6
Musculoskeletal 34
Respiratory 24
Cardiovascular 23
Hemic— Lymphatic 10
Digestive 3
Dental 1
Urogenital 3
Endocrine 0
Metabolic/Biochemical 17
Nervous 1
Eye 24
Ear 28
Vestibular 12

TOTAL 195

Figure 9 —  Non—disqualify ing defects of 63 U.S . Navy recruit volunteers .

It is possible to derive estimates of the prevalence of low back anomalies among all the volunteer candidates from the four
sources, Figure 1, based on x—ray evaluation. Twent y—t hree individuals had lumbosacral spine x—roys in the groups from which
subjects # 001 through #017 were qualified. Thirteen SESIF personnel and ten parachutists had lumboeacral spine x—ra ys .
There were 137 Naval recruits who were x—rayed, from which 63 were ultimatel y qualified. The total number receiving
Iumbosacral spine x-roys was 183.

Four categories of disqualifying lumboeacral spine defects are listed in Figure 10. The category “cervical spin.”
inc ludes seven cases of miscellaneous disqualifying cervical vertebral spine defects . These were detected on individuals who
were further evaluated after lumbosacra l spine x—rays usuall y with full vertebral spine x—rays . Therefore, no rote of cerv ical
spine defects within the group of 183 volunteers is given since most did not have cervical spine x—rays.

Spondylol ysis 20 10.9%
SacralizatiorVlumborization 14 7.7%
Excessive Sco lios is 6 3.3%
Vertebral Osteochondrosis 2 1. 1%
Cervical Spine 7
Individuals with Disqualifying

Defec ts of the Spine 46

Figure 10 — D squalifying defects and rates of the vertebra l spine on 183 individuals undergoing lumbosacrol
x-rays. Three individuals hod two disqualifying defec ts. No rote is g iven for cervical spine

defects since not all 183 individuals underwent cervical spine x—roys .



The some analys is for non-disqualify ing vertebral spine defects is presented in Figure 11. Most of these 71 individuals
had full vertebral spine x—roys in addition to the lumbosocral spine sc—ra ys. Defects other than in the Iisnbosacrol spine are
listed without a rate because all 183 individuals did not have full vertebral spine x-rays.

There were 12 individuals with both disqualify ing and non—disqualif y ing defects , and are therefore entered in both
Figures 10 and 11 . Accounting for these, there are 105 individuals with one or more documented defects of the vertebral
spine evident on x-ray. Six of these had non—disqualify ing cerv ical spine defects and lumbosacral sp ine anoma lies . Four
hod non-disqualif y ing defects of the spine not located in the lumbosocral area . Therefore , 95 (52 percent) of 183 individuals
had lumbosacro l spine anomalies detectable by x—ray. There were 40 (22 percent ) of 183 individuals who had disqualif y ing
lumbosacrol Sp ine defects , and an additiona l 55 (30 percent) of 183 hod non—disqualif y ing lumbosacral sp ine defects.

Spino Bifida Occulta 31 16 .9%
Schmorl’s Nodes 11
Mild Scoliosis 30 16. 4°A
Other/Lumbosacral Spine 4 2.2%
Other/Non-Lumbosacral Sp ine 5
Individuals with Non—Disqualif y ing

Vertebral Spine Defects 71

Figure 11 - Non—disqualif y ing lumbosocral spine defects and rates on 183 individuals undergoing
lumbosacral spine x-roys. Eight individuals had two non—disqualif y ing defects and one
had three. For exp lanation of other non—lumbosacra l sp ine, refer to text.

The screeni ng program which concentrates on rapidly removing those with dental and low back defects is highly
effective in se lecting subjects for hazardous—duty, biomechonical research. Those with administrative conflicts are losses
characteristic of our recruitment constraints and experience and hove no general applicabilit y. The protracted and de tailed
medical evaluation is essential to identify t he residual 24 of 87 volunteer candidates who are unacceptable. There is no easy
way to identify this last group because there is no clustering of the types of defects found at this stage of the evaluati on
process.

Even after presentation, interview screening, and medical evaluation, 19 of 63 qualified volunteers did not successfull y
complete the program. Twe lve volunteers were lost due to the unauthorized use of drugs, and this could not have been
predicted in any way. Recent experience with losses due to this cause has been improved by emphasis throughout the
recruitment program that unauthorized use of drugs is destructive to this research and those using them should not apply.
The remaining seven volunteers were los t for a variety of unpredictable reasons.

DISCUSSION

The x—ra y examination of volunteer candidates for research since 1966 has uncovered four major anomalies of the low
back in a large percentage of the volunteer candidates. The anomalies are 1) spina bifida occulta (SBO), 2) lumborization
of the first sacral vertebra or sacralization of the firs t lumbar vertebra, 3) spondy lol ysis wit h or without spondy lolisthesis , and
4) Schmorl’ s nodes. The literature regarding these four lesions is confusing . The implications of the lesions are highl y
variable with no consistent agreement on what the prognosis is. One consistent fact about these lesions is that they are very
preva lent in any population, and they are highly var iable in the specific anatomical presentation of each lesion . Speaking
from a critica l point of view , none of these ore token very seriously, except in those cases where there are specific clinical
signs associated wit h the lesion which cannot be attributed to any other abnormality or anomaly of the low back area.
However , when these anomalies are present in individuals otherwise free of symptom s, there are no estimates on what
percentage of subjects might subsequentl y deve lop symptoms associated with these lesions. In pa rticular , there are no
estimates on what percentage of subjects would be expected to hove symptoms associated with these findings under stress
testing of impact or vibration. Discussion of the selection problem with different orthopedic surgeons wi ll y ie ld different
views ranging from the judgment that none of these subjects should be selected to the opinion that all of the subjects should
be selected , prov ided they hove no associated clinical findings. A review of each of the anomalies in turn andon attempt to
summarize the crit ical parts of the literature follows.

Epstein (32) summarizes the incidence of sp ino bifida occulta . He describes the anomalies as a cleft spinous process .
The mildest form is a lack of fusion of the neural arches of one or several vertebrae. The most common locations are at the
fifth lumbar and the firs t and second sacro l arches. He summarizes the results from several authors; Southworth and
Bersack (33), who reported that out of 550 patients wit h anomalies of the lumbosacrol vertebrae , most had litt le or no
symptoms referable to the low back. Spine bifida occu lta was present in 18.2 percent . Dittrich (34) reported that 5 percent

of all spines examined roentgenographicall y showed sp ina bifida occulta . Breck , Hillsman, and Bosom (35) reported an
incidence of 6 percent in the series of 450 cases . Particularl y interesting is the report by Friedman, Fischer , and Van Demaric
(36), giving an inc idence of 36 cases of spina bifida occulta in a review of 100 soldiers. Epstein agrees that the lost s the
best estimate 0f the prevalence of SBO . We found 16 percent of our volunteer candidates with this anomal y. In terms of
deve lopment , Epstein points out that the lam m o e  fuse at about the firs t year of life , and th e development is completed during
adolescence and hence the cleft spinous process seen at the end of adolescence should remain throughout life . Epstein reviews
t he clinical implications of SBO with the statement “while most patients with lumbar cleft sp i nous process usuall y have no
specific comp laints, there are certain cases in which the anomaly may be accompanied by low back pain. Such cases are very
difficult to evaluate. The defect should not be held as the responsible factor until all the possibilities have been excluded .”
He th.n alludes to a series of cases by Jelsma and Ploetner (37) who reported a group of 18 patients with low back pain
radiating to th, hips and sometimes to bot h lower extremities or to one leg, wherein surgery d isc losed a mass of fibrou s or
fibrolipomotous tissue often with a constricti ng mass of fibrous tissue involvi ng the dura. A traction mechanism caused by the
fibrous tissue connection from the dura through the cleft to the lumbar fascia is the exp lanation of the pain. There is
corroboration of Epstein ’ s review of these 18 cases by Jom es and Lossman (38). They point out that there is a gradation from



sp ine bifida occu lta to sp ina bifida aperta which involves herniation of the meninges outside of the vertebra l canal through
the sp inal defect. Their cases were differentiated by surg ical exp loration. The fact that abnormal traction can be exerted
on the dura at the point of the sp ina bifida occulta appears to be established. Schmor l and Junghanns (31) g ive a sli ghtl y
different presentation of the problem of sp ina bifida occulta. They point out that cleft formation is the most common malforma-
tion of the vertebral arches . They qualif y t he significance of these clefts by t he general statement that onl y the sm~ lIest of
the vertebra l clefts , for examp le individual smooth edge sma ll clefts of the sp inous processes , can be considered as insignifi-
cant. Such a cleft may be seen and diagnosed as 580 from the x—ray. They also point out that clefts can occur on different
parts of t he arch including the pars interarticuloris , the pedicle , and the border between the pedicle and the vertebral body.
We are seeing the clefts of SBO in our volunteers. Clefts of the pars interarticularis are seen and diagnosed as spondy lol ysis .
Clefts in other areas have not been noted in our subjects. Hintze (39) found clefts in early childhood in 100 percent of all
humans. At age five the number decreased to 81 percen t, the 15th year to 44 percent , and the 50th year to 10 percent .
In the case of our subjects, between the ages of 18 and 21 , an occurrence of 30 to 40 percent is consistent wit h these findings.
T hey indicate that most of these malformations are insignificant and do not cause pain. However , if t hey are associated with
the anomal ies of the sp ina l cord and their membranes , they may present di f f icul t ies in some exceptional cases and there may
be seriou s consequences. These various references pertaining to sp ina bifida occu lta indicate that the importance of the
les ion has to be discerned through the clinical history and clinical findings rat her than any of the x—ray f indings. Without
these clinica l find ings, t he x—ray findings are considered incidenta l. However , nobody makes any attempt to determine what
t he probability of future symptoms is in a person who has the incidental finding on x—ray, or w hat the si gnificance of t hese
lesions is from the pa int of view of stress eit her from occupation or experimentation. Therefore , we accept vo lunteer candi-
dates wit h small clefts of L5, 

~i’ 
or 

~2 provided that they are free of any history of back pain. However , it is conce ivable
that the stress testing these subjects are undergoing, could elicit symptoms which otherwise would neve r be seen.

The findings of lumbarization of S 1 or sacralizat ion of L5 are usua lly considered as malformations of the lumbosacral
junction. The malformations can tak e a myriad of forms. Basicall y, the problem is describing what the articulation between
the transverse process of the affected vertebra and the sacrum is. This articulation can vary from a completel y ca lcified strut
wit h no motion possible , to a partial joint , to a thin fibrous attachment . The lesions may be asymmetrical from the left or
from the r ight. The various possibilities of these anomalies ore described by Epstein (32). He qualifies these anomalies by t he
statement , “T he structure of the transverse processes of the fifth lumbar and the firs t socral segments often is of considerable
interest particularl y if articulations are formed between the ti ps of the transvers’ processes of the fifth lumbar vertebra and the
adjacent sacrum and illiac bones. It is generally believed that if this change is ilaterol , no weakening of the lumbosacral
art iculation exists. However , if it should be unilateral , changes in stress may result in painful syndromes and arthrit ic
manifestations may occur. In my own experience such changes have often been observed in patients who hod no symptoms
whatsoever. Unless exam ination failed to disclose any other reason for pain in the lumbosacral reg ion, I would hesitate before
deciding that the existence of such anatomical variation is a definitive cause for the patients ’ complaint . ’ Schmorl and
Junghonns (31) also comment on these trans itional vertebra which can be either a lumbarized first sacra l vertebra or a
sacra lized fifth lumbar vertebra and make an important point t hat the exact nature of the lumbosacral transitional vertebra
can only be determined after an exact count of the total number of vertebra l bodies. The actual preva lence of the transitional
Iumbosacra l vertebra varies from 0.6 to 25 percent w hich is consistent with the prevalence in our volunteer candidates at
8 percent. The authors discuss the mpflcoiion of a transit i onal l umbar vertebra in that the presence of the transitional
vertebra in itself does not cause pain. The source of pain seems to be secondary to the arthrosis of newly formed articu lations
between the enlarged transverseprocess and the wings of the sacrum with inflammation of the bursoe and perhaps periostit is.
They come to the same conclusion as Epstein in the sense that if no other cause for pain has been found, therapy should be
concentrated at the transitional vertebra . In any case, from the clinical point of view , these findings are of no concern
unless the patient has symptoms. As in the case of spine bifida occulto , there are no series of cases which have been
collected for a prospective study of the subsequent development of symptoms; also there ore no series of cases wherein predic-
t ions have been made of the relationship between the occurrence of the x—ray picture and the onset of symptoms due to stress ,
particularly to structura l stress of impact and vibration acceleration. From the point of v iew of pre—emp loyment co’s~ d~’ration
of these anomalies, Barton and Birom (40) found 856 def ects in 498 patients in 1000 consecutive preplocement examinations
and conc luded that spondylol ysis, spondylolisthesis, art hritis, and in some cases , transit ional lumbosacra l vertebrae were
si gnificant factors in back strain in workers over 45 years of age. They find that the incidence of chronic low back pain due
to physica l exertion might be minimized by the avoidance of undue strain in individuals who appear to be susceptible to such
disturbances by reason of an anatomic variation in their spine . These series would indicate that from the prognostic or the
prospective paint of view most occupat ional medicine exam iners would take a conservative approach to the utilization of
people w ith transitional vertebrae and spondylolisthesis. Therefore, we have elected to exclude volunteer candidates with
transitional vertebrae or with spondylolysis, wit h or without spondy lol isthesis.

Schmorl and .Junghanns (31) report the occurrence of Schmorl s nodes in association with congenital factors and as
degenerative changes associated with ordinary stress and with trauma . The node is an intrusion of the nucleus pulposus
through the end plate of the vertebral body into the substance of the vertebral body, with the characteristic x—ray picture .
For the purpose of x—ray examination of volunteer subjects , it is absolutel y essential to document any such nodes in order to
ovoid the situation where it could be claimed that the accelerat ion stress resulted in the formation of the node. A s usual there
ore no series clearl y indicatin g what the prognostic or prospective clinical significance of these nodes is with regard to the
strength of the vertebra l column , the individual vertebral bodies, or the intervertebral discs. Schmorl reported a frequency
of 38 percent 0f all sp ines examined . We found onl y 6 percent . However, when radiologically determ ined, the frequency
is onl y about 13.5 percent as determined by Schmorl. The discrepancy is due to the fact that anatomicall y demonstrable nodes
are not necessarily seen on x—ray. Epstein (32) describes the mechanism of occurrence of Schmorl’s nodes as a prolap se of the
nucleus put posus into the vertebral body. However, for defini tive consideration of the problem of Schmorl’s nodes and their
relationship to alterations of the intervertebral discs , Epstein refe rs ag in to the monograph by Schmorl and Junghanns (31). In
any case, the nodes are an indication of prior defect and appear to be of no prognostic importance , because any commentary
about subsequent difficulties arising from the existence of these nodes is lacking . In the case of our subjects, when the lesion
has been described by either the radiologist or the orthopedic surgeon, it has been considered an incidental finding. Epstein
(32) shows a case of an athletic , young female with multiple Schmorl’ s nodes involving many vertebrae who was completel y
osymptomatic.



CO NC LU 10 NS

The conduct of hazardo us—duty impact and vibration acce leration stress experiments requ ires access to large numbers of

prospective vo lunteers. From 1,277 individuals , 241 volunteered , 63 were qualified , and 44 succ~~ fu ll y com pleted the

experiments. Desp ite a young, health y,adult male polulation between 18 and 25 years of age, the majority of volunteers
were disqua lified because of dental and lumbosacral sp ine defects. Extremel y detai led m edical examinations were required
to identif y those individuals wi th widel y disparate disqualif y ing medical defects. Such a detai led examination is also required

to deve lop a detailed baseline of non—disqualif y ing defects prior to experimentation.

ACK NOV/LEDGEMENTS

This worl’ is supported by t he Naval Medicol ~es. ‘rrch and Development Commorxl , U.S.  Navy, and in part by the Off ice

of Naval Research , Medical and Dental Sciences.

Opin ions or conclusions contained in this report ore those of the authors and do not necessaril y reflect the views or the

endorsement of t he Navy Department.

T he effort of ti ‘ professional staff of NARMC, NAMI , and NAMRL at Pensacoln wha conducted the medical evaluations

was the most important factor in the successful qualification 0f the volunteers. The information for this report is derived from

t heir effort . Since 13 divisions over a period of 10 years were involved , t he individuals contributing are too numerous to

ment ion.

REF ERENCES
1. E. R. Tay lor , ‘ Problems and Techni ques of Human Sled Subject Select ion. Aeromedica l Research Laboratory, Ho lloman

Air Force Base , New Mexico. Report No. ARL- TDR-63-5 , Marc h 1963 .

2. P . A . Bend and W . F . Storm , “A Human Volunteer Screening Questionnaire: Development and App lication. ” USAF

Sc hool 0f Aerospace Medicine , F3rooI’s Air Force Base , Texas, Report No. SAM-TR—75—5 , February 1975.

3. C . 1. Ewing, D. .J. llama s, 1. M. Patr ick , C. 1/ . Bee ler , and M. J. Smit h, “Living Human Dynamic Response to -Ox
Impact Acce leration II - Accelerations Measured on the Head and Neck .” Proceedings of the Thirteenth Stapp Car Crash

Conference , Societ y of Automot iie Engineers, Inc., Warrenda le, Pennsylvania, 1969.

4 . C. L . Ewing and D. i. Thomas , “Tor que Versus Angular Disp lacement Response of Human Head to —Gx Impact Accelera-

t ion. ” Proceedings of the Se ,enteenth Stapp Car Crash Conference , Society of Automotive Eng ineers, Inc., Warrenda le ,
Pennsy lvania , 1973.

5. C . I.. Ewing and D. J. T homas, “Human Head and Neck Response to Impact Acceleration. ” NAMRL Monograph 21,

New Orleans, Louisiana, 1972 .

6. C . L. Ewing, D. J, T homas, L. Lustick , E. Becker , 0. Wi llerns, and W . H. Muzzy, Ill, “The Effect of the Initial
Position of the Head and Neck on the Dynamic Response of the Human Head and Neck to -Cx Impact Acceleration .”

Proceedings of the Nineteenth Stopp Car Crosh Conference , Society of Automotive Engineers , Inc., Wommendale , Pennsylvania ,
1975.

7. E. Becker and C. W illems , “An Experimenta l Validated 3-D Inertial T racking Package for App lication in Biodynamic
Research. ” Proceedings of the Nineteenth Stopp Car Crash Conference , Society of Automotive Engineers, Inc., Warrenda le ,
Pennsylvania , 1975.

8. E. Becker , “A Photographic Data System for Determination of 3— Dimensional Effects on Multi—axes Impact Acceleration
on Living Humans.” Proceedings of the Society of Photo—Optica l Instrumentation Engineers, Palos Verdes Estates , California ,
1975.

9. C. L. Ewing, D. J. Thomas, 1. Lustick , W . H. Muzzy, Ill, G. Wi llems , and P. 1. Majewsk i, “The Effect of Duration,
Rate of Onset , and Peak Sled Acceleration on the Dynamic Response of the Human Head and Neck. ” Proceedings of the
Twentieth Stapp Car Crash Conference, Society of Automotive Eng ineers, Inc., Warrendale, Pennsylvania , 1976.

10. W . H. Muzzy, III and L. Lustick , “Comparison of K inematic Parameters Between Hybrid II Head and Neck Systems
w ith Human Volunteers for —Cx Acceleration Profiles.” Proceedings of the Twentieth Stopp Car Crash Conference , Society
of Automotive Eng ineers , Inc., Worrendale , Pennsy lvania , 1976 .

11 . C. L . Ewing, D. J. Thomas, P. 1. Majewski, R. Black , L. Lustick , “Measurement of Head, T~, and Pelvic Response
to -Cx Impact Acceleration. ” Proceedings of the Twenty—firs t Stapp Car Crash Conference , Society of Automotive Engineers,
Inc., Worrendale, Pennsylvania, 1977.

12. C . L. Ewing, D. J. Thomas, L. Lusticic , W . H. Muzzy, I l l , C. Willems , and P. Mojewsk i, “Dynamic Response of the
Human Head and Neck to 4 Gy Impact Acceleration .” Proceedi ngs of the Twenty-first Stapp Car Crash Conference , Society
of Automotive Engineers, Inc., Warrenda le, Pennsylvania, 1977 .

13. J. R . McDonough and R. A . Bruce, “Maximal Exercise Test ing in Assessing Cardiovascular Function .” Journal of the
South Carolina Medical Association , Vol. 65, Supp lement to No. 12, December 1969.

14. E. Frank , “An Accurate Clinically Practical System For Spatial Vector—card iography. ” Ckculation, Vol. 13:737, 1956.

15. R. Boson and D. R. Stoop, “Pulmonary Function Testing in Military Personnel: A Preliminary Study. ” Naval Ae rospace
Medical Research Laboratory, Pensacola, Florida . Report No. NAMRL-1217 , 28 May 1975.

16. A . R . Freg ly and A. Groybiel ,”An Ataxia Test Battery not Requiring Rails .” Aerospace Medicine, Vol . 39, No. 3,
March 1968.

17. A. Graybiel and A . R. Freg l y, “A New Quantitative Ataxio Test Battery .” NASA and U .S. Naval School of Aviation
Medicine Joint Report, Report No. NSAM-919, March 1965.



18. A . R. Freg ly, M . J. ~m tli , and A . Graybi el , “Revised Normative Standards of Performance of Men on a
Quantitative Ataxia Test Battery. ” Naval Aerospace Medical Research Laboratory, Pensacola, Flo rida . Report No.
NAMRL-1 160, March 1972.

19. H. J. Moore and F . E. Guedry, Jr ., “Individual Differences in Vestibu lar Information osa  Predictor of Motion
Disturbance Susceptibility. ” Army-Navy Joint Report, NAMRL-1200, USAARL Serial No. 74— 11 , 23 April 1974.
20. W . C. Hixson and J. I. Niven, “A Torque Motor Servorotator for Vestibular App lication. ” Nava l Aerospace Medical
Institute , Pensacola, Florida. Report No. NAMI-979, 1966 .

21 . N. 0. Henriksson, C. R . Pfaltz , N. Torok, and W . Rubin, “A Synopsis of the Vestibular Sys t em .” Gasser and Cie ,
AG, BasIc , Switzerland , September 1972.

22. C. ‘/1 . Stockwe ll , F . E. Cuedry, C. 1. Turni pseed, and A. Graybiel , “The Nystagmus Response During Rotation About
a Ti lted Axis. ” Mine rva Otolaryngology, Vol. 4:229—235 , 1972 .

23. R. K . Ambler and F. E. Cuedry, Jr., “The Brief Vestibu lar Disorientation Test as an Assessment Tool for Non—Pilot
Aviation Personne l. ” Army—Navy Joint Report, NAMRL-1210, USAARL Serial No. 75-7, October 1974.
24 . F . E . Guedry and R. K . Ambler , “Assessment of Reactions to Vestibu lar Disorientation Stress for Purposes of Aircrew
Selection. ” Technica l Edition and Reproduction, LTD., London, England, AGARD— CP-109, 1973.

25. C. S . Hail pike, “The Caloric Tests. ” Journal of Laryngology and Otolaryngology, Vol. 70:15, 1956.

26. E . F. M iller , I I , “Eva l uation of Oto lith Organ Function by Means of Ocular Counter—Rollin g Measurements. ” Reprinted
from Vestihular Function on Earth and in Space, Wenner— Cren Symposium No. 15, Pergarnon Press — Oxford and New York,
1970.

27. E . F . Miller , II and A . Craybiel , “A comparison of Ocular Counter—Rolling Movements between Normal Persons and
Deaf Subjects with Bilateral Labyrint hine Defects. ” Reprinted from Annals of Otology, Rhinology and Laryngology, Vol. 72,
No. 4, December 1963.

28. E . F . Miller , II and A. Graybiel , “Thresholds for Perception of Angular Acceleration as Indicated by t he Oculogyral
Illusion. ” Naval Aerospace Medical Research Laboratory , Pensacola , Florida . Report No. NAMRL-1168 , June 1973.
29. E. T . Thompson and A . C. Hayden, “Standard Nomenc lature of Diseases and Operations. ” McGraw—Hill , Inc. ,
New York, New York, 1961.

30. W . E. Loeckle , ‘1~he Physio logica l Effects of Mechanical Vibration .” In: Cerman Aviation Medicine in World War II.
Was hington, D.C.: Department of t he Air Force. Section V U-C, p. 722 , 1950.
31 . C. Schmorl and H. Junghanns, “The Human Spine in Health and Disease.” 5th German edition translated by
E. F . Beseman. Crune and Stratton , New York, 1971.

32. B . S. Epstein , “The Spine, A Radiolog ica l Text and Atlat . ” Lea and Febiger, Philadelphia, 1976.
33. J. D. Southworth and S .R. Bersack , “Anomalies of Lumbosocral Vertebrae. ” American Journal of Roentgenology,
Vol. 64:624, 1950.

34. R . J. Dittrich , “Roentgenologic Aspects of Spina Bi fida Occulta. ” American Journal of Roentgenology, Vol. 39:937, 1938 .

35. L. W . Breck , J. W . Hillsman , and W . C. Bosom, “Lumbosacra l Roentgenograms. ” Annals of Surgery Vol. 120 :88, 1944.
36. M. M. Friedman, F. J. Fisher , and R . E . Van Demark , “Lumbosa c ra l Roentge nograms. ” American Journal of
Roentgenology, Vol . 55:292, 1946 .

37. F . Jelsma and E . J. Ploetner , “Painful Spina Bifida Occulta .” Journal of Neurosurgery, Vo l. 10:10 , 1953.
38. C . C. M. James and L. P. Lassmon, “Spinal Dysrhaphism . The Diagnosis and Treatment of Progressive Lesions in
Spina Bifida Occulta .” Journal of Bane and Joint Surgery, Vo l. 44—B:828 , 1962.

39. A. Hintze , “Die Fontanella Lumbosacralis Und Ihr VerWdl tnis Zur Spina Bifida Occulta .” Langenbecks Archiv Fir
K linische Chirurgie , Vol . 119:409, 1922 .

40. P. N. Barton and J. H. Biram, “Prep lacement Examination of Lower Bock .” Industrial Medicine, Vo l. 15:319, 1946 .

~~1



. 5
’

~~l ~~~~~~ i’ ir ~

l’ .mer,t I’ ’ - r t ~.~~:i y’~ii h,,v’ ,i tr ,., t’1 m i l l  s o , ’ ’  I it , hut what do y u  cal I cx’’’:. us ‘i’ :,:ol s’u,xs~

‘ I t s,:., ’, I sr’ ’ ’ :;,lve 5’ ’ o I s o : j s  .,re St ‘ ,‘‘ ‘ i5’O~’~ Js1d ’to~I ii’, rh, i t s  hr,1,r~,Iic :3ur ’te’~rs a, ,t th~ r’:’ .ea,’ I : r , ’ ’ ts ’ ,
~

‘‘ff i’’’ r : , , I ‘ or ’ S i t  i t ’  ., i ‘ it  s a l  t I r e , ?  . ‘rtss: ; ca rt s ? I,,. quant f i ’ ’ ’ f  ri d is t rue’ f  ‘ 1~7 ,- v i ew  ‘it  the x- r ays by Is ‘or ’sul t stntu . ‘I l e r ’ :  wore  i o  numerical ‘ it  ‘‘n a .s: ,~~’’ I in ,‘nrr ’, f

~~~ 0 0 1  ( i 5  1 ’ . .

I.’’ ’t s.~y l ists ’ t yes tt i i , k  t i ?  .a ‘.4 , i r ’ I ar d  set of i’m i t r i Ia I or ~ lirnin atirsrs h,’ ,,w,’’ ’,f h’ q~ine is v’s 7
import a i t  7 We ha ir : I) ,. ’ ,, ,m,: r’5h I ,szrr in t r a n c e , arid we f~~ve o’er ‘,r’ ’~’i r mod i y ~t ’  0’ ,! 0,
I , ,  Is , ’  i r s ? ~ ’r tsr~

.t.
~ t i’ m f ‘ s i r  x — r a y s . P r e s en t l y ,  the deqrr-~ ’ ‘,t t . ’ u’ ’oI j o s i s  esus i r, ’~~ ’’

f i r  I v  ‘)‘ ‘I~-’ ;r . What is yo i r  opinion ‘i i  thi :s  method of ‘ 1  i m i , , , t  or ’?

1’t,r,mas~ You must tee1, i s min ’1 the purpose of our Cxaminations is ti qualit y in d i v i d uals for “is

,‘xj,’’ r iri , ’r t al rr ,’;rar r , ri ms which thor’’ is a t remeridous rr j.ors:,’ibi li t’, on t i ’  pa rt I t h ’ ’
‘‘:o’ar’ ’h s t a f t  t o  ~ I,’rst i fy people that would Ia- at exc,’ ,~s r i s t  is ’ - ’ ’ a ,s :~~’ , ,  I any 1 , 1 , -c t

they mi’t lst have. It is a far more stringent research re ’fss rern ’rnt tt,,,rs s at  ~ ‘ied to ‘jua l 1 fy
fur roy r c ~ ’ Uj s a t i ’sn.  Now in the case of 25 ‘legrees i,t ri,’~, 1 iosis , on ti, ’ rev iew n t  th,.

T ’ m -s ’ i r , .  we would have ‘1 isqual I f ied  at ‘~ t them for I Inf act a i” ’-  1 ‘i ,,t lots r ese.,r cli.
I r s t at ly would have d isqual i f ied m dlvi duals having a lesse r de’tr.n” of s c o l io s j s .  M,, rs ’/ I
tf ~,’’~ r:s,’:, of v~v 1  louis that  wore disqualified were disqual if i” I  on the basis t,hat t hey had
s,” ors dary curves , not just one area of sco liosis.  ‘I’hey would have a s e r i e s  of ‘,sr ’i~’xl t ses
sr concav it iev  throughout the spine. This was J a n ?  i ’ulanly disqual i fy ing. W~ t ’ r ~~ a J . , r ’j r .
r,umb”r ‘,t in d ividu als who ‘lid have mild scoliosis , but it c e r r . r i r Jy  was muct, less than, 25



E X P E H I  EN( ’ t :  WITH F’KlII(ntIlC AVIAT I ON MEI)I(Al, EXAMINATION :,

Edwin K. Westura , M. D.
I’fil,:f , Washington Medical Clinic
Federal Aviatio n s Adminin,t rat ion
800 Independence Avenue , .W.
Washington . D. C. 20591

IIMMAHY

This f’a J”r will mr-late personal observations and experience with civilia n aviation medical exalninati’,,s:,
,,tsd the Federal Aviation Administration ( FAA ) certification system from June 1964 through June 1977.
I” id at tent h O  wi U be devoted to methods used in the ass,-ssment of ttse cardiovascular system.

Emplia:,is 1 .  placed upon a systemat ic approach to those cardiovascular conditions , :sp~’cially coronary
t s , ’ , s rt  di:ie~~~~- , which migtit adversely a f f e ct pilot performance, and which pi~:sent a hazard to public
s a f - t y .  Coronary l i t -art  disease and i ts clinical manifestations are the ma3or cardiovascular problem in
u n i t e d  Stat “v iv i lian i  aviat ion medicine today. A major objective of assessment is t n  us,’ evaluation
te ’fI isiques which an,’ useful in detecting potentially ianiqerous conditions , which ar’- consistent with the
hi ’jIs~’..t n’si r r ,’nt standards of the medical practice of cardiovascular d iseases , and which are cost ,‘tt,:ct 1 ye .
F’r ’ r fl a f r r ) p ~-r balan” of these considerations , a pragmatic methodology ha~ evolved whicti has met the pni -
mary re ’ :sp nsr i :,ibil jt y of the FAA to protect public safety. It has also provided a mechanism wh ets meets a

I’)r ra- nitidary o bj ’c t i v~- , that is , to keep as many pilots as possible f ly ing s a fe l y .

NA TIONAL AVIAT I ON SYSTEM

Tts” National Avia t ion  System (NASI includes all aspects of civilian aviation activity within Us,’ United
S t a t e s .  Thin system interfaces with military aviation activities. The civilian aviation activities , irs-
d ude commenn:ial air transport, other commercial activities , a large general aviation program , and t i , ’
eJ,-ra~’r s t s supporting these activitie s , air traffin’ control , airway facilities operations , flight stai dard:~

rat i’stsO arid l r’scenlur,-s , and airport services. The authority to regulate th ese act i Viti ,’s was given to
tb , FAA by Congre:,o in the Federal Aviation Act of 1958. It is the basis f ,,y If s ,- f-’edex,s l Aviations Requla-
t i n :  (FAts). (in ig i rsa l ly  the F,”l,-ral Aviation Agency, this regulatory agency is now part of the Unit ,-d

t n t ’ s  is’I,antmeot of Transportation. The regulations regarding medical certification of airme n are eon—
,,i n%,”i in Part h7 of U, (FAR) Sect ions 13 , 15 and 17. The FAA currently employs 65,000 I’ersons whose

pri ma ry responnsibi lsty is public safety, met by administrating the Act of 1958. As of December 31 , 19/’ ,
the re wer,- /110 ,408 “ ,- rt i fied  act ive airmen in the United States (1). The medical program is adinilni~:t ’- red
by U,,’ t” f ,’ra l Air :urqeon and his staff , by 55 full time physician employees , and by 7,638 designated
O V A  s I  I ’ ni, m”ii’~,l examiners. Aviation medical examln,’rs ar’- physicians in the pr i vate practice of ire d ic i r n ’
v i , ’ say,’ “ 1 ,, ? e l  to [nart ici lsate in the p”rlodic examination and certification of airmen. ThOy receive
‘ 1 1  i n ’ i , I  ‘l”iqnsation by t Ie- FAA based upon their qualifications and a need for an examiner in their
i ’ ’  9raphic area of ~ra,’tic.-. These physicians are highl y metivated, usually because of a personal in t,- r ,- st
i n n iviat Ion and wel l  qual i f ied, of t ,- ns  because of milita ry ~-xIu .rience as flight surgeons .

‘ I t”  HAD ins ilivi’t”I into t ess regions for administrative purposes. Each region has a Regional Directc r ,
n~ r~ ’i w nn rk i r , nj  w i t h  him, a Regional Flight Surgeon and one or mere Assistant Regional Flight Surgeons. The
A:. , i , t a n t  iu”t ional Flight Surgeons work primaril y in t b,  A i r  Route Traf f ic  Control Centers. They a~~sist
s r i  irnranr c ,’ r t  i f l n at  ion and are primarily responsible for the medical qualificat ion of air traffic r’sntrol
I” , “rrn,i,,’l. ‘tt n~-y also car ry  on occupational health prograsum for FAA employees in their geographic area as
r”1uir .-d and i r s a, ’nvsr dance with the Federal Health Employees Act of 1948. There were , as of December 31 ,
l”76, 25 , 1,77 air traffic controllers who require periodic annua l medical examinations. This number has now
r,’., ’Iie ’l n~’arl y 30,01)0. There were 15 ,301 controllers employed by FAA as of that date .

‘rt . c i v i l  A v i a t i on  Medical Institute (CAMI) is a major resource for rh , NAS . It has several major
ti n t ions : r,’,;,- ns r , ’t~ into medical and human factors In civilian aviation and air traffic control ,~~n:on~r’lina—
t i n s  and maniagem.-nit of the airman ’s medical certification systems and , clinical services to airmen and
‘-mpt oy.’~’s. Tti is ma )nr  resourc,- fure ’t ion is located in Oklahoma City, (iklafi,,ma .

Il.’e f j u e r r t . - r :  staff , supporting the Fe’leral Air Surgeon and Deputy Federal Air Surgeon , include an Aer’s-
m.-’li’ ii tandarils Division , an Aeromedi,’a l Applications Division , a Behavioral Sciences Division , and an
F , ’ , ’n n w ” t i ” r l ; ,- rv i r ’es  Division. Tt,e Aeromedical Standards Division develops policy regarding airmen cert i fi-

~‘atton , J~rngn,s,,~’., regulatory changes , and is the main coordinating point for appeals of denials of c e r t i f ie r -
ti ’nn arid pe t i t i ons  f r y  medica l exemptions to the FAR. Some examples of this l)ivision ’ ss responsibility are
I r ve :st igat S n,’~ thr - need for the certi f i at ion of glider pilots, exerci lie st r , ’ss test  ing, etc. The A e r ’ n—
medical Appl1~’at i nns lilvision develops proposals for specif ic research investigations. These may be
‘‘r”rdhrse ted with CAMI or with outside private sources having special expertise in the area of interest.
,r,me ‘-xa m 1sl , - - ~ nsf t t,i s Division ’s resusonis ib il ity  are studies in toxicology of combustible materials in air-
“ra ft In ter i’~ r s , age 60 airline retirement rule , automated electrocardiogram processing, etc. The
ttetiavioral Sci,-n”n-s Division provides constultat ion services to the Federal Air Surgeon and develops
t r’s’,rams t o  improve the assessment of NAS personnel. Some examples of this Division’s responsibility a r e

‘leaf ing with alcohol problems in pilots , a i r  traffic control specialist selection , performance predi ’t ion ,
- The Acrons.’li”aI Services Division carries out an active program of occupational health , provides

general management advir ’e regarding the a i r  t r a f f i c  controller  hea l th  program and coordinates medical
m asm ,-rs in tb , area of airway facilities , airports , and fliqht standards . Some examples of this Division ’s
responsibility are air traffic control specialist consultation services , executive health examinations ,
‘t ”ti r’r~r l  employees health programs, occupational health programs , pre—employment examine? ions , health main-
t,’ r,,,re’,- , disease prevention , educational programs, screening, etc. An independent group of non—FAA

,rc noltant s advise ft,, Federal Air Surgeon on medical matters , particularly those related to the exemption
from t hn- regulation s of airmen with known medical problems.

-~~~~~



AIRMAN MEDICAL CERTIFICATION

MedIcal certification in the HAS is d i f f e r e n t  depending upon the degree of public responsibility involved.
(‘lass I certification is required for airline transport operations. For mest other consnnnrcial aviat ion
a’tivities , Class II cert i f icat ion is sufficient. The pilot who flies for pleasure re’luires only Class I I I
airmani s medical certification . Air traffic controller qualification standards are contairsed in FAA Drd,’r

t93 (j,3. A Class 11 airman ’s certificate is issued with this examination .

In applying for air-ma n medical certification , a standard application form is used , FAA Form 11500-8
(10/73) . This form contains applicant identification data , certain demegraphic data and pilot background
in formation. ‘the latter includes class of certification sought, type of aviation activity, aviation cx-
pn-rience , prior certification ~:xperience , and general inquiries into past medical experiersce ~ y body organ
systems . Specific cardiovascular inquiries are limited to questions regarding history of heart trouble
and history of h igh or low blood pressure. There is no specific inquiry into socio-econom,ic factors.
health and other habits or family history. The findings on physical examination are then recorded by the
examiner and the disposition of the case is noted. If the medical history or physical examjnatic,n indicates
any possible problem, no certificate is issued and further documentation is obtained of any questionable
item. In addition , special consultations may be required. The guidelines for these administrative matters
is contained in the Guide for Aviation Medical Examiners . In the case of cardiovascular disease , require-
ments for evaluation have been specified (FAA Form 8500—18 (3/77)).

The central repository for all air-sian medical data is located at CAMI . Initial certification actions on
problem cases are taken by the Chief , Aeromedical Certification Branch , CAMI . The authority to review these
initial decisions is vested in the Federal Air Surgeon. Except through the exemption process , the Federal
Air Surgeon may not apply flexibility (2) or issue a “waiver” in any case in which the FAR requires a manda-
tory denial certification , such as myocardial infarction. The authority to issue exemptions from the FAR
resides in the FAA Administrator and has been delegated to the Federal Air Surgeon whtnr’r medical standards
are concerned. This authority is exercised on the advice r51 consultant and stall medical specialists.
Final denials of certification under the medical standards may be appealed for review to the National
Transportation Safety Board (NTSB) . The purpose of this review, which involves a fo rma l semi-judicial
puislic hearing before an administrative law judge , is to determine whether the regulations have been l~ropn- r ly
applied in a given case. Decisions may be further appealed to the full NTSB. If the denial of certifi-
cation is aff i rmed by the N’I’SB, the applicant may ask for review by the Federal Courts and the matter could
ultimately he reviewed by the U. S. Supreme Court. It is important to note that each case is considered
independently on its owns merits, and very little binding law or precedent is set by any one case exce pt in
a genera l way.

CHARACTERISTICS OF AIRMAN POPULATION ( 3 )

The majority of airmen reside irs the coastal regions of the United States, the Easter-ri, Sout},,: rn , South
W n-vt , :rn , Western , and Great Lakes Regions. The average age of the airman population is t(,.8 years . Al mest
half (359 ,005) of all active airmen hold Class I I I  a i rman ’s medical certif icati n sr, . There wer ” 79,lo ti

Class I and 298,167 Class II airmen in the active category as of December 31 , 1976. Tiit’ ave rage  he ight for
the t’,tal, po1s’slat ion was 70.5 inches for males and 65.0 inches for females. There was no significant
d i f ference Dy claris of certification. The average weight for this population was 177.9 pounds t ’ ,r males
an’) 132 , 1  pounds for females. There was no significant difference by class sf e , ,r t i fica t i ’ans , It, a study
by Booze (4), which involved a review of FAA examinations on airmen to evaluat r’ FAA ,-xperienc~ ’ w i t ,h r.’st,r.n:t

to pr -valence and incidence of disease by age level, certain specific cardiovascular js r n sL,1t’nr.s w .-r~ ’
delineated. Th’- examinations surveyed were a base group cert i f ied from 1965 through 1975. New applicar t
cer t i f ied in J ’ t(, ’~ were also followed through 1975. In this study , the merit convnrnn cardiovascilar cor,’Iition s

encountered on entry was hypertension. Heart murmurs were the nrsost coununv ns cardiovascular ‘“s r,’i it ions t s r

less t han 30. In tt,t: ove r 30 years age group , hypertension and coronary heart disease w”r” i rs e rt ’as i ngl ’j
commen , arid peake’i in prevalence between 55 and 69 years. He found tJ,at “prevalence of any t~~~,. ,I

pathology at entry increases with age from 10% at the younger ages to about 60% at year ’, 75 i’ 7’i ” .
He also noted I )sat at re—examination , hypertension was the mest frequent condition ttCnn,n ,5, I “y~n c a r I i a I
infarction , coronary artery disease, atrial fibrillation , hypertension with ti eart pa tfs ’ l~~’;,, f y f s- rt.~~r, ’ , i r
with monjinat ion and n’ er,nk,rovascular accidents all showed a definite inr’rease with ad” (‘ iat,l ,’s I , II -so t
I I I )  . Table IV indicates the increasing number of act ive airmen who wer~- ‘,t’rt l f ir- i wi ti, hYP1~t tn’I, ’, A ‘ s i  ans i
aft,,r myocardial infarction. This general trend has continued , and it is in this grrsssj , ‘ . - r t i t i , ” i  Dy
exemp t ion , that th- largest attrition is likely to occur. Of interest is  the f,, t that as ,  irs-n, ’ ,’ n i l  led by
exemption after infarction , when attrition does occur , even after a 10 t n ,  15 year ins t , ’ n v s l , that at t r i t i o n

is most likely to lit- do,: to another cardiovascular event.

Afl’MA/A EXAMINATIONS

Mn:d i cir l Histo~~ ,.

W e l l  performe d certification examinations of airmen are no different than any st hen’ we l l  j ,enl’snntvs d medical
examination. They require knowled’jt- , experience and mest of all , time. Inn aviation , sine’ la l kniow ledg - ns f

the physiology nit flight is also required , and In certification, a working knowledge ,st applIc able renj u-
latin srs s ci i- sser ,t ia l .  A good examination is usually directed toward an ela.bo rat in n ,s  of  medical Isistony,

on a chi”f complaint. Within the history, the review of systems is a means of elaborating on the

chi ’-f complai n t , a means of ‘-1 iciting other symptoms which assis t in determining the natural hi-~t ory of a

problem front the examinee ’s point of v)ew and its severity. It is also important in ‘- l i n i t i n g  relevant
r~ ’gat ive i,,f’srrnation. lieterrnmnation of nn..verity usually means the nli-gret’ of impairment , acuten,’ss or
trs ’atabi l i t.y. I t  may also refer to the point in the natural history , ,sjsectruinl or continuum of ‘lisea:n’ at
which a given person with a problem finds himself or is thought to be when examined. T t i i ’ , last J s ’ s i i s t  is
c r it i ’a l  in mest examination:.. A person may be, for exan~,1e, at  risk for a disease , such as coronary
ts,:art dist-a~ e. This situation could exist at birth in ar I n d i v i d u a l in whom the fami ly history reveals
a t r~ ” f s ~’ is t  i rs ’ . iderr r,,’ of prematsirt . death in multiple merr*ers bef ns r’ •  the age of 40 from acu te  myocardial
infarct cA rs .  t ie inn; at rj:,k for a disease Is perhaps the earl iest c l in i ca l  concept of d i- it- sise. It is the
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s i , , s  )t ill s:, , ,lns’ I ‘r’sqr iis 5 : , ”s I I ’ i ’ ’V ’ ’  lit 5 V’ iii,-,li c i  i i’’  , h i d  i,ls’’i a n’ -  :5, ’ i ’ s ’ Isini ’) ,‘xninniisat  m Ai m s

I , s ~ s I i a ls , ’ t , ’ n s , I iy }sn ’ r t i ’ i s ~s m t s r i , anisi 5 ’ ,, i,’’~’ r , ii,:) ‘ s ) l s , ’ r  n s n ’ s ’ ,iI’ s i t m n , i m a l i s s - ,i lt t i  ,,, ‘t i sv i t  i n - ’ ,. A l l  nt t i  ‘ ‘ :5 ,’  ‘‘‘ ‘‘1’ -n , , , ’

, m : os , i ms- I I s , , !  It is )s ns : ss L l s I i ’  l,i i s - I  - ‘ ‘i n isk , ‘ m t l , ’ ’ r  from Is I’story , ‘ is ’ / ’ i ’ ’s n )  , - Y , , , f f l s l s,it 5 5 5 5 ,  ‘ ‘ i ’ 10/ n5Oi~5~ s~ 1s f n ( s —

t - ,  t a t ’ -  I i ! s , s n a t s n m ’y ui s ’/, ‘ . 1 i ’ ) i l  i’s l i .  ‘l’ iss’’,’ -‘i t s o  i’ ’ -  ,,i ~ s ’ ’,s u,, ;’ ’)  imiq s i  t l s n -  , - x , s r n i n  s ’ ’ s - , ais ’ I I’,) Is ’s t ! s t ’ s s s ’~ ls
‘ l i s t  ‘si- i — ,s i,)ii ,,l - s i s ~lii  f is ’ , i l s t  f i ns s i i i i sj r s  l,,r S I t  mum n f f s ’~

-t  i v  5 , 5 5 : 5 ’  ‘i. M u d s  s f ‘ - iv i l  i s , ,  a v j , i t I s s s s  If l,’ , ! i5 ’ 5 l 5 , - I i~~’ ’~ ‘~~~ ‘~
1mm t lii: h u m  I - s i  St st  ‘us I s lay sl ~’Is~’lids u s l sns l s  t I s i : s  ‘ ‘ ‘ 5 5  , s - s ’

~
, I i s !  izat ‘s n.

At, I Is , - Is ~’ i’’ ,s ’ t , t  t mini ’, this ’ ’ , i ,s ’ s -  s t  is ls~,’iuiq m v  i s ’ws , I I’,’ s s , i r  At ’ rs s i is , : ’ I i ’  s i  1 ,nrm ,), a r ’ l ’ , D iv i’ , i s , l s  , ts,’15oi ’ t n ~ s I
I ,ssiv ’-’ / :, isV , ,Vi , ) m o m s ,,s - c m s ) , - I s l  s’XI’’-r i i : , ’ ’,; isavn~ a l l  , - ‘ ) s - ,  I t l s , , t  mli,,In’ ’ !,’  1 , 1  s i  s n lii ~s i ’ -  I- l ’ - ’ ’ I ’s ’ ’ , -  ,‘, s r:, sls, , —

i’ s i ,  i,’ n : l , i i i st s , s ’ -  s i ’ ,’ ii’ s ’ s  Ii ’ ’) t~ s s ’ duc,’ Is,’ i n s , ’ i s i s -  i s~ ’ , 5 s  I I ’ m  In,t I~’- ’ 
l ’ s i  l,I, s l s s , -  s i  i ’ s ,  ‘ -  ii, , iVi ,,l  i siS , ,‘ is I~ i t  -

t 5 , ’ , ’ s  sttiltl, ’ i s s I , s t  i , , ls : ;  t,, m ’ s ’ ssns p li’ ,Is ils i:; hay ,’  i s i s - ) , i , l s ’ s I  )e-avJm’ msj nsnm ly a s i m s ’ ; ! ’ -  s t  ‘ 1 ‘ m i t , ’ ,  ia Ii,, .,ll u nison ii,
s , m , l , - r  n ’ ,  ‘ ) s i a I iV y  ise~l i s - s L ly  ts s m p m 1 , 1  di i ries m wi ’ l ,’ ,  a l s l s l i ’ s i l  i ”s I S  n s f  I ’ - ’ ,, i s s ’ 1  ‘, s L e s tro c a r’ ’ 1i’s ’ çn ,1 h -~~; m n s ~~’

s nI5i ,i~ i
I is n is  01 i c p s ) s i  ‘-si n ’ ’ - ise I mi ss t ’ ’ ’ t  i r s q; a r s ’ ~ I I s i r s ’ m s ’ i s t - t s , n I n n s :  ‘ ‘ X t ~~ ii 5 iV i’  tnl ,,,,s! ,‘ is ,’ i r s m ’ ,t ny ‘, ‘ - , ‘ ‘ ‘ ‘ r , i s , ’t  f ’s ,
lar , , ,t  s l i : ; n ,,:, ’ , , i,ss I s ’ l , , , i i ’t s ’ ’  , in, tI, , fregut—nicy s I  s - i s -  Ii, - , ,) s:xaini,s,,t 0,1, ,. A m s s j s t  imum - , ‘/ - ,t ,-n, , ‘ , l  ,.

~~ ,uis i s~~ m n s i n
lisi :s ’/s’ t i , ,  ls,’ ,s s~ 

,,,,-d uj son , ais d tI s m ’ ’  is still Wi,),’ ‘,,,,‘ m ,ui ins , ,  m r s ‘s t irs m~ s rs  ins ists ’ )  ‘‘x l;~ r m ’ - , s ’ ’ ,’d ,,n’I ‘‘s i r I
ii ,,,ml I s ’ s r i t  m s - - i  on t ls i  n-s s,jI, ~n:,’ t -

E X l s s ’ i  i , i s n - ,’ w i t ) ,  Iii,: s n,- , I i , ’al histnnry :s ,s d ’ ;s ’ : , t s  that m ost ‘ - ‘ u rr,-’’ i t i s i s i l s i ’ l i t y  and ‘ n - , t i f  is  ,,t  ‘‘Is ‘ i s  ,,i,, l ‘ i ’1 i5 ~~’ s , ,t, ’ ,I
w i l l s  n l m ’ ,,’ , , ,s, - , i’’sp ’s - j a l  ly lsy l s s’n t, ’is’ , i s s I s  an,! s - s s n ~~ I s s s m ’y I s - s i t  t ‘Ii ,’ , , , -  w i t h  i t :; ,’, s,tq ,I i i i  s i , ’ . s I  , , i ,  , i i s , , , irtyrs—

- , i ’ l i~ s I m I n i ,  t tril, and ‘ s o I l s - n  s I - s t  I , , ar ias ’  fm’ssm II,’’ I,,,:,i’’ n l i : _ , s s ’ s -  i n ’ s ~
- , - : , S n_anmIs s , ,s , , , I , .s i  I sy :~s s t ’  i - s I  n :s,l ‘ ‘ ‘ ‘ s l s ’ i ts i ’

h i s - ti n, ,nr,,1 i~~~ s r hf’ l’ s , , ’ ;  n ’ s - ’;’, usC, ! habit:; , At, 1, - n : ,  I t I  5 ’ ’ ,s ’  1 , 1  t o T  i.e -I n s  ‘ u I ,
~~

s ’ - ,
~~ 

t~~s s ’ ) ’ — t t it ’/  II s , ’ — , t.i ‘4’’
s s )sss n w ls i ’ ’ l s  s l i ’ s ~~m , L i  f y ing ‘‘ , i r s l i , s v , ,S i ’ s s l , i ,  , -v , ’ i s t : s  are must 1 ik,’l-,’ t ,s os’n ,’s sr , N,iltsi-nous i ’ ,i s ’i t ,-nnn s t  i ’ l l ’ S  say ’ ’

s t s ’ ’ s )  ‘ ‘a s d s s s ’ ,sir’scular ‘I i: < s — ,, a,’ i l - k  I , , ,t , s r ’ s , s i T s , 3  l i ,, ’ ’ s i -  h ay,’ I,s’, ,s ujs~-’ l i n ,  ‘ Is ’ ’ ,, ii!,,- a n_a i s s : s . s r’ /  i i s k  - i l  m l ’ ’ .
It s ’  f , s ,  t, ls i - ‘ m c c ’ s , ,  t ha t  ;,,niuso autIiori), j m’:~ rssc,s,nmis, ’r,,I a , n s s r , ’  Ii’) ,nI l ’ n l  s ’ X , i l u s i i s , , t  ions s I  t )  s , ’ , I s t s , r  in ,‘v ,’t ’ ,,
,,i i l ts ,,Is : , s , - ’  I , :  s i  ,‘x ,mminat is’s ns so ,,’ to , s 1 s t  ims - ,n,’ s ’  m r ly  d,-l n ’ ’ - t is ’sn of m m : , ! ’ , an,) s - , s , , l , ) , r  is, ,1 ‘ s I,, , ) I - ’  i V t ’ i s t  5 , 55 ’ s ’s , ’ s i , ’ , i ’ l ’ —
S O S )  l s i s s ’ l l s , I f l :  I’ , ,  Is, ’ sit unto “f t  “‘‘I’

5 ) , , - ’ , s ty  i :s II,,’ rile - s t  ,:ommon Isroblem enicourite rn’sI in ,‘ sArrt ’ , ,t  civilian aviat  is,,, medical ~n , i 5 ’ t  is i - A s t - s t  i 5 t i~~ ,ii

,‘v,i 1 oat tori of t ”~I~ m l ‘it ion data isa: ,  riot shown that obesity i S an i n h  i’Is i’ii’ l, ’ mm t m l sk t a u t sr In, m ‘,n ’ ,rs,,, y heart
iii:; ‘ i ’ , ,’  - It is , ,m ,swt :v , ’ r ’ , tl,t: most pr :valent condition in our af f luent  s o cs i - t y .  u - S i t  y 1, ‘ m s  is i s - l i t , ’ - ’ )
i: 10 to 15 ; s s s s s n s s l - - s t x ’s ’ ’,;,, w , ’ i s ; i it  ,sv r :m idea l for a given age , sex and Iis’ight , as ’ , ~rn j s ss re d  I s s ,,,‘t s i , ,  n i - i l
I ,, Isi ,” ,, ‘l’ls i -n ’ ’  ses,ms to he good n’v idence that cxc,’ :; . body weiql’it i:-, a:snso c j ,it,’,i w i t h  Its  inc i s  i:, ’ , )  Inc i s l ’ - I s ’ ” -

sf v s : , c u I n n  d i - ,, , ;’ , m c )  udinq lsyp~’rt i ris i si, , coronary heart ‘Ii :s ,’ siS,: and isi ’rilslme m ,s I venous di sea’;,’, It is
i l ’ s wi- I l  ‘ i ’ s -urn, It , ,’,) I l,,.t nslss ::.ity is associsjts ’’I with an iii’ - n’s ’ ,-,’, ; s ’ s I  in( ’ is !n’ isc’,’ ’s I nat ,sn j t y on’s: , ’’ I sl m ,,), ’’ t  e:, ,imid
s I  h,s ’ r tsmo bli-ms , e’;pi:I’ (al ly  musculoskn’ ls: I sal di :so r, l,’ r :, -

st I’ m im~snsi t u t  risk I,,,’) ‘,t:, in cornsnan’/ heart ‘11:,, ,:;, mi’ late t us hal ) t:, . I -X ’ ’ n ’ ’,:-;i vs use ‘ 1  t s s l s ,nn ’ ’ ’ ’ s  and ,, i cot’,ol
ns s ’ u: u r I r - l ~m s ’ tu I  Ly in airman m d  air t ra f f ic  control spec ia l ist  a 1s 1s iuc, ,rsl  n - .  ‘rh,” , ’ two habits at ,-  also isf ten
markers h , s r  ,sI I s s - r  coronary risk factors sucl’m as type “A” personal i ty ,  ) s i g ts li”vs ,’i ‘,l so r e’,’ m ved st rs’ : ,s  ruTs ’ I
mn ’ :su l  n ant s:Is ronmii anxiety,  low threshold for an ger and ac,it 5 : anxiety a t t a ’ - k -  or lsy ~s i ’ r  ‘i t , l v i  ty. ‘ i ’ Is n ’ y s a n s ’
a !:.,, ,u:,:a ,,’i,,ts’’l w it h  is ’ sn n r social adaptation and conicommitant prolsli- r’ ::-; in i i s t s ’ m ’ l , ,- n ’ :ss sn, i i r ) , l t i o Iu : , ) s i is : s  and
‘ - s ’ s s i s ~iifl A m ’  )s d V ’s ’ or’ comp 1 e tc  chaos,

“(sr ‘m l ! t ls i’ ”,’,’ r s ’ ,,-ion:; , inquiry n~Iiould lis’ msadi- of evt-ry airman regard ini q lii:; n-es,, isu l ,,,,sI i t  ‘sm iom uc Isr s k ’ t m ~ s s i I s ~l
,nni d c t s rm n ’ i , t  s ta tus .  Also inicluded should lst qss~”;l is s is : ;  ms- s ;ar ’ s l mng his educat m u , attj tusi,: l,sswa rsl:s his work ,
family and environment , and his general habits regarding tobacco , alcolmoi , Utsi :  of di’ sm ’ ;:5 , - I l l , ’ - ,  ‘m”s ” i  ibt’,i
sr ove r t b :  ‘‘ s ’ sU, l  s : r .  D m s ’ t  and i’Iiysical act iv i ty must a l : ;s s be ii’iVi’:,t i , j ,nn , ’s I .  ‘rI,,: irsf’s ri nsa t m n - i s  n,l , t  ,sii,,-,I n o—

v mdes a ;s~’rs ps-cn i ‘in’ tot  I),,’ ex azniin,: r Olson which, to ws’n ~~ t h i s ’  rc) atj  vs ’ i mport ,,, ‘‘ - ‘ s t  ,‘ ,,cl, f e - I s r  in i n’’’—

s ) m ’ ’ t  m g  subsequent ,ii:,,’,u-,i’ ‘‘~~I’’’~ 
i s i s , - ’ ’ . II also I r u s v i~ Is’ :s ,, framework for ‘ n’s , ims : ss ’ I m i s , ;  in as, s i  oCt’14, s t n t - n I l  )sy

adus lt a m rnssun s m ) s t s l  icant with no ,‘ sv s : mt  mn :dical is roh)e m il ttii’ iris’ ‘ 5 f  s ’x , ,m ina t ,sr sn m.

‘I’iss- tt,s ,Ii , ’al hi :tsr y also proV IuIs’’s ti,, s’Iata ri~~s - d,’,I to f i t  sinmy diaqr,otst I n :  “‘- s - I ’’ t s s i  a :-, i s ~’I’ i i i , ’  
5 s i ’ 1 I s ’ ’ , 5 , O ’~ s l i t

,;‘sr,,llti,,r, . ‘Its’’ t urin :,s t “ in-s ses s,’d I ‘ ‘ n ’ ’  t s s ,h,’ ,s , ’  rib’: a 5, 51 ’s:, I s - l iar ion ‘ 1  I indi ra;’-  fn ,,rt , I , , ; I  s t y ,  p ls y - , i s n I
‘‘Sam , mon t’ i ’ , r s  - ,n rs’l laboratory Invest iq~~t’ ions whi ‘‘ Is  a) low Il ,, ,- physician Irs 1 lagnose ‘h i  s,-an- ,,’ r isk n - s r di ’,,-,,’,i’ ,
t ,s  an-s:,,” - , :s i ts ‘;n ’v s-m ity or ‘ 1  ‘m’~,- , to uh i- : , ict in on i s n s ’ ’ ,’’I’ i I s s -  r t ’mt ’ ’ ImaI  n,s’ ,,- ,,srs’s and f i n a l l y ,  t ‘s t.’ t imate
Is r ’ s ’ t n s ns ’ , is. In a v i a t i o n s , ti,, g ns ’ nnt ‘‘ ‘ ,I n ots,’,:mfl is I,i’oum no n s l ’ ;  for sudden Inca~sac Itat ion. In s - ,s rs l i ovas , -u i , , ,
Ii :;i-an- ;,’ , the history al i ns 1srovidms vsnlsnahle cis is ’ : ,  Ins , ,i,~ i ‘‘ n ’ ns m ninig fun d ional itn~

,,u 5 riiii’,s I an n) I s t o V I s I s ’ s  a
)s,,:,is upon wh i  ‘‘I, tns ,‘ :st itnsnstn: the prol’sabil i t’,’ r

~ f p i l~ st mi,ca 1saci tat ion in t I,,’ fligh t envi r’ , s u m r s ’ , s I  , Mud s
,sdditits nsn l i n i t ’’,nr m ,mt , ion is needed to imjn rtnv ,’ I’ m ’’ lictab ilit ‘,n in t lii’s ‘i m n u m,st ,ance. (‘ us r ,- r , I i sr ~ s t Issi :st i ‘ at m n s i s
In t h s i s  su n,’ ,-, is  ls ,i :ss’’ I )s i  itttanily sJpc>n a thmom’ouqhs kncs w ln’d ’ p-  sI  t hs-  d m : s , ’ 5i-,i’ , i t ’ , ~s l s y ’ -s i o )~~s~;l ,‘

,‘,,rs: ,s ’, ; um ~’ ri n-~’:, , ssn ~d

a kt , s s w l i ’ , I ’ ;s ’ s ,  I a ‘mr t m , ’ s m l a m ’  t y l s m ’  151 f l igh t  u-I  i vity  and i t s  phy :si’~ I’ss ;ic r ’sp sir i’m n’ nt ,’s. The: abs lity is , mat ‘ ‘I,

t h s s ’ ’ s s -  t ’w,, ,,:,) s,’’ t :, of hm uiiian s i ’ r tnn rnman ’ ’ ,’ rt’main:, ins: ; , ’ j , ’ r,l i f m , ’ . It rm- ’ ) u i  r’ us t o t  is  snig t he’ ‘ i t t ’  of m e d i s i m s , ’
morn- i I , , , Is t I~, at s I sll n ’a t i~ m ts sf s c i , - r s t  f i n ’  p n m n s u ’ i t s l s . ’, s ’ v s : t ,  friday, w i th  m l  I r I , ,- advances ’ s t I ls , ’  past twenty
‘/s ’~n r ’ s , In no m r s ’ s is  t l s s : ,  niware I t i lt ’  t l s . m r s  kO ‘ ‘ ‘n r ~s i s s i ny  h e a r t  s h i : s , ’ ns’o ’ .

T Is t ’  i t  ,‘m: , of m,’nlm n:a l hi t ’sr - , ’ t l s ’ ’ r s , whi ,’) , are im fa’m nt ma t  in Is is! l ’ Imnig a nhiag no’;I ic ‘- i l  i s s r c’ar,im ,sv,m’;s :ular
,ii:-, ,-as,’ ,, t s ’ ,I,’ r iv,-’h frnnm m n , 9 , m m ru , ,, s l u t ’ s  the social , h ’v s- lopmeistal , ,-c ns nomi, ’ , u t s , I  i’tl ,mc,,t , icn nsal Iij stn ,my, and
t r o m a hI :st  ‘s t y  nsf  s s ’ i ’ , , I sa I  t i a ls i t n - s ,

c;, ’ m f i n  i te m ’ , I ru,m it,, m i ’ ’ I m ’ - ,-,I h m i ’ : t ’ s ry  whi t, ,) ini’,’t ly r iMe I , ,  ,‘ar,liovasculas ,iiseas,’ an,’ few. Chest

‘s in “a,, Is ’’ n , ;’ ’, i f ic. Ths i: fac t  t isat ’  n’’ i s t ’ c t ‘ u r n  of cardiac ‘in i ’ ; m r s  m ’ , test  - i i, ,  in I t, ,  ,s:, ,m,, I :,t’is’ ,,’ is its~r’’
w m i ~’ I’/ af sprec ia)  i’sl today . It is v i , , tN-ral  in t y1se ansi i,,st :,lsm,m t i’ . It mnv ari’s )sly s in- , a ‘ , t  u -n sa! s s s f l h h u s i , t ’ I s t

ansi is  most o f t t - n s  ,I,’:,s - r  ilses l ,,:s a is ’ ’ ,n vmns, -: s :s , t k ’ 1tst ni : ’ ,:, , p n’ s - : ,’ ,ni n i  n ,r ’’,si, :,t n m u - t i o n  w i t h i n  Use thorax .  A l l
but 15% nsf i ninliv! ,iuals with coronary m: iu’)sn -m ic pa i ns  w i l l  ‘ I n ’ s , , il- sn’ th’’i r symptoms in ths i  w ay .  i’ t s ’ , ’ i t s i ts i t  l isn i
o f di,,n’s ’,rnfo r t  h’,’ ‘ ‘x ,’r tlon or t’nwst ( ‘ s r s , t l  d i ’ s t  ‘irl,,si , , - , -  en nv,:,t crsnuw,n. In the Ian t n ’ s  ‘ a:;,’ . :,,s, t, ,’ I , s - : ,t discom—
Ins ,  t at r s ’ - ,t i s  I,, sI unconnunlon . Atyp in- a l 1-aries ,, I i ’tsn s I s i n ’ /  ch,’:,t ‘Ii’ ,, , , mt ’s r t  nm - s;sJ i n’ , Ion diagnts ’sm ,s, a high s
inde x of ‘wi ~‘ m n ’ i o n  by the examInIng phys i n  ian . I t r,’msmns axi’sma t is -  that si,” only f i rs s t : ,  ‘ ins history or
,-xami nmat Ion what sin,’ a:,k’, for or ‘;e,:krs - ttflusua l t- ’;sjival”ntr, Ins , s ,irdiat ’ pain which have been i rs , -,, ii s tt-n ,’d

m c ) ode ,‘x,’rt u’srssu l coughing, i’ :sts~’~:!al ly at t Ise n,n,’,,’t of •‘x,’rs i’ s’’; : ssi t si ne n i g h t  ~‘rsug)s i awa k’ ’ nm is s~ f r o m  sI~’’- is
w Itli ’ ’ nsum ’ t ) ,  ))sss rn,xys ma l nocturnal cough),  and u :x ,’r t I sis ,i I I si- lef s t nq or “ m od i~ j n ’ : t ion” . The physiologii-
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~~ ch.,nnms m Ion th sn .~~m ’ :,ymj s n isimi’, i :5 n~s ,5t  1 ukel y tin ,‘ s , , s ,s , ’  I ,sf mn Id l e f t  v ,’n,tn icular fat  lumin arid a nesul tans t ,
mmm c m ,‘,i:,,’ ii, Isu limsuary v ,-n,ssu , ,  ~‘ r ’ ’ ’ ‘ o r ”  . l’his conni’,s about becaus, s f  a im m is, , r,’a, se , In fi 1 ling Isressur~ o f tIme
le lt  ve ,sl  n d , ’  or fn , m a ru-s l u t mibution nh I,) ‘ s , ss  I so luins- to tIm,’ ct ’ nmtn ,n l c i n’ ’ulati’un, w j t , t s  a nsarsj inidl
fu iset mormi  ,, ‘ ;  l e f t  vs ’ i , t  r id e. The ni’ ;ult iii sOii~i [sul~nlenia~’y ‘ ‘ m i n i ilary traiisu ,Iatj nsrs arid ref l ex ri’:;lsonses
n,,:su lt iii, ; in t is ,  c i t ru s,, ! s ’x I5 , s ’ : s : , i s s n ss  ,sls:,, rv,:s1. u u t h , - r  ‘‘i t  ly ,n m s ’) ‘s uistl,’ ‘ ‘x I’r ,- : , ‘n ions s u f  l5~ sr myo~;ardial
f s ,m s ’ ’t lns , s , ,sf t ‘‘ii ,‘, s ’ s  situ , s - i ’ s  I ‘ mm d u j sl i s ’s m t  ed by tr’eadm m 11 s-x ’’r,,’m se t ‘ ‘ s t  in’) , bs , m v i ’  ! ,( ‘ s ’ ms 1 lack s,n f mw,, ,,’, 5n: ’5~, s sn
‘i l,’r t nm t ’ : , : ,  , unusua l l i t  m ,;ss ,’ f ’ s  1,1,,’ ,,,tnns,,mrst ,sI e f h s s m t  perh’snlflsud arid ubs ’’mvit ion of ma rked l-s ’r ij s ~s s ’ m~~ I vase—
s n s i s : ,I m i ’ ’ t  ilnti. A s;ra,iu~m l r,-, I,m , t Ion in ‘‘x ,:rcise u ’ s 1 ’sacity 1’ ’ ,m l:,,s I rs .n ; n is:ntl y ‘‘1 i ’ :m t , s ’ ’I by ,l t rs ’ ’ ’t  ‘ ;sst: : s t iss is innrj
a’ a :synt~ st~ s n n, s t  i~~sor I i i  t vu,mtnmc ,slar fw i c t i ’s r ,  n ’ s  jxso r s sv en,u l  I ‘ :sa n’ ) iss—jsu lmnn, s m - ma ry ‘ ‘ m I s s ’  it y. In , ‘ I s m n s n s s ’ ,
‘liii’s : ,, ’ : s I  tb m , ’ s ’a r ‘ Is ‘s—pu lmlLsnum ry sy:~t ,‘,i, , it is nmat , ura  I t s s  sn,tijst ‘‘r im-’ , Ist :r f ormn, ,,mrs , ’,’ to avoid di scomfort an,i
i ’ s  b u s t  ion w it  ls i i i  n - sims’:, s~ m )ss in ’ i t ’ , ’ .

i’al t s l t a t i ons , s  i’s :s ;s i ’ s ’i Inc l s s r  t lss : t ss ’ , m r ’t - ‘b l iSs  iS ‘ l m ’ t  mis , ’ , ! ,~~:, us ,nwar ,’ns’’:. ’ , suf On,,- ’ 5 tsc~m r ’t ba it. It is ’- ’ - r ta i , ,—
ly uric of tim ,’ mms ,5t common mn ‘)l,,v,, ’;,,- ,il m m ‘50mm !,, iimt , ~, miss I not snnconmnso tnt a var is ’n y of clinical ‘,t sits::, n,s st

‘Ii ru -I 1’, a:,,,’sci,u t ’’,J with any ‘srga lsm c c a r d s ’ s v m - ,’’ ular ‘ ! m ’ ,i’a:sn ,: , Elaborati’s ,, isl th si ’: conditions under which
s,m ) 1,i t s i t  I sis:s ‘5, -cur iS ,cu:,,’is I i ,s l  f’,r ) s Y ’ s I - s ’ n  ,‘valu .mt Insil, ‘I’b,is it,: 1udens ’li~scrihinn; t he  ‘, i rcumnultanc:n’ ’s und,’m

‘,s ls i s  ‘hi t ls i”y occur , jsosssbl,,- i~ n n-ci t’ m tat m isg s ir a ’;qmmv u t m nnj factor:; , maneuvers which , meduce t , t , , ’ um ocn:sj rrancs:
,,:, w,’l I u ;  is,tI ,ux’t: s I on lr s i’ t  , f’r~ ’’;sss’rmey, s l s s r , n l  mist ,  .iis’l j s si t ta_ rim , mes;ul u n sr  15 t s . s;~f lar - A diuresis s m : ,  ls,’ ,’ is
ssi, ’ , ,’ i ’vi’s) l’ s ’s , , ’,,, in Sons: su bj s :s :t s n  aI’ t ,’r ;ssnrcsxy nimnl at rm ,a l  fibrillation, or tachycar’dma. In~lUi [ l’ s “si’s
ths ,- : ,s ’ i~~’ 

s r s t  s a Issne may Is i ’ s t n i  t d in , s - m I  i ‘I,’i,t i fi ‘ ut  our, nsf  tbs, : Isn ~slsIt ,m al t )sssug bs I unther investi Jar ion )~‘j
,‘l,’, ’l t~ ss ’ ~mt d i o m J r ,sphic t s’s ’Imm mls ;’s’ - - , is usually res ;,,iin ed i ’’ r s is ’ f i n i t s’  dianjnss:s i :, and docsainsi’r,tationi. It is ‘ ‘ I s - sir
t h,,t addi t is,m s, , l inve:sti J s u t  jOtS iS  ss : , ,on 1 ly wa m r , , m s t  ‘“I in am t ’ : r  nw h,’cause n-,f the nature o their duties si rs ’ )

m i s’s ts,’c,i,s,,,’ s ’x j s i - r  i s ~,,’ :, 5 , s ’ )  i s  - it is th at 5,-r i ‘s uns m l  i -ct  r i ‘ s a l  mn , , , t  ability of tI-me heart may be variable from
I inns: ts’  I im,~ m rs any y s  vs ’~ s , ’ ,n:s,’ , ‘lids vsn ri, a,hsi lit y may incise)’: l b  ,‘‘ , ‘m st ire ‘ i n n-strum 01 cardiac rhythm or

‘ ,‘nsnd, s,;t , ,s n , ds : s , s ,  s l u m s  in, a :~ us ’J le  siLmt~~n.

lsV , :nt  : , ‘/~ 5 1 s t  sims s I  ‘ S a n  ‘Iiovass _’ul am slysl ui,sst i’s n n , :,,m , Is at, :ly’ s h s n t - si sit rt ’ ’,I , )saroX’/Smal n oc turn a l s l y :,Is[si.,, -

overt jsulnnrinma ry congestion , rigImt Is,’ ,-,, I dysfunction with, venous engorgemoot, vi:sci’ ral enlargement and
edema a n,: ‘ Is :s tin iss t ly uncommonm in, the ,~ ifli ~~is Ii sis i l t i s r s ,  hx”m’tional “light hc’adedness” , overt vs’rtiqo
or foca l sr uni I ,ats:r sm l :st :m ,:snsry ‘ s n  motor - ,y,r~,r ‘inn , arid perilslss:ral claudication are also not con%nonm symptoms ,
‘:Veo by dii i, iniguiry . Iii t I  inquiry :,bso ,s l s l  is” inside , however , for Vii,’:,,: symptoms , ‘:51s,:ci ally its 01,1cm
‘ii rmm ’ ,s , so th at early di- ,,’a: , , -  of t b s m ’ ’:,:n”isral ‘s r perip!icrsi l va:,s:ular systems is not missed. These symptoms
u n ” mm lsort.unst its thm ~: m m  own r i ‘tht . bs , it , t Is”,’ also may indicate a high tsrohab i lity of coronary Imeart di :s s : a : ,e
becau,se st  the km,own high, Isrevelance of sroronsary artery di’,ea:,,: with such segmented perip h e r a l  sun  ts :rial

Phy n-s m , ,m I Ei<a,!, i t s - m t  in- sn, -

i’ ls’j :s m n ’ s i l exatn i ,s,mI ,jonm of the ‘:ar’ !iuva:;cular system involves observat ion ol vital signs and an examinations
by at ,o,slar’ ! , ‘ y ’ ts’mo t ic I m: c lsss iqs iu :s  of tIc- hss :rm rt and lungs and Isemipheral arterial arid venous system ,
‘l I e’ s, ‘si, , , ‘ r va t  ‘si- uS -u rn’ usually tnmasie at n,.’:st with tIme airman s it t  trig or s upnmse ,  Dynamic observat ion s of
then ,;surdl’sv,j ’sn2,1 14r :ysti ’rn ass’ today arm Inmteyra l h a r t  of cardiovascular examinations . ‘I’hey Isurm s t a h ,t t’-r
,,st ,s , , , , r , , s , , s t ,s I , a;~~ms m l  y tt s ’ n m, ‘ s t a t  m ’s observations and also give ,assn,: ins uqht into the jnte’;ri ty ns f  auto—
nOmic’ s . n,n I r n - s I .  ‘ il,,: ;,: ssIs :s,:rva ’,, icsti,, nin’4uini’ little additional time, or etfort and are easily incorporated
into arm a im ,‘,‘n,s ,u’ ,:,n’ s,,ir,,:t,I,. Th ese ‘sl s , , m’ r n at mIst, : ,  requi r’- the use of multiple positions for examinations , such
a:, sitting, ‘.ss~~nns,’ , left ls ml , ,’ral decubitu~~, t Im : erect posi tion s , si tting leaning forward , standing “spread
ca’;! ’ posit is s n , ’ sr ‘5qusitting. ‘ S I  s ’ ,e, v,nti ‘sm,:, arc’ also made wi th  and without resp iration, ,mfter valsal Va ,
si tter s :Xe rs ’ i:i,, ’ its’ ! il I,’I  s m m (sli: etsometnic ,‘xi’sci is’ . ‘the details of the-i,: techniques are available in
‘ 1  anmda rd text:,, and hay” also Ins’.-,, ,l,’scrsb,nnd n’lsewhere (2). t-~ st important clinical cardiovascular s,Is:;,’,-
vats’s,,:, can is” mnma nk: by simple’ inte-lli ’;enst looking, feeling (palpation) or listening (auscultation).

u . s -i, cli,, 1 ‘ :,nJ t C n S I s i s l  ‘~uc- 15 mas t r ‘‘slum red i t s  eve ry exanuir,at.i su ms - The alsl’l i cation of any techni’1us: on all of
I , i sss :ii’ ,sva i l,ibs I ’ shouts) I,,’ ,)et ,‘rmit,m’,j hsy t Is’’ is s .n  ts ‘ ala, problem under i nmvm:: s t_iyationi arid Isy the nt,edi ,:, 1
1,1 s to ry ,  t n-mi ,,-n,”I by t i ss ’ n’x p.-ni c-ni,:,’ arms) j udqmc:nt of  t I,,,’ ex,mmtner. lot example:, th en evaluat i0fl 1s f  the

‘in v’-T,ls ’m’ , m i 1  :s,’ is di ffi ‘:ul I Inn Its ’5’ s ’ s i S s ’ , s i i s~) its value in the exainl nation of young, heal thy sub j e t - is
is ex t nt’s,,’ )y doubtful, ,rs t I s , ’ n s t  b s n - n  liar,,), it may Is” diagnostic in :sns m u: rhythm disorders , such ,i:, j unc t i onal

t r ’ - t t sm t ’ s r l ’  !,,‘,nt:, , at.rm ,m l fl it t n - n  or ,sonn~,I,’t,’ ls , ’ ,m rt !nlock , or in ‘.‘ ns n n l i t i o n u s  resulting in isrn ’ :ir , tim ‘ ‘es volutti,—
) ‘ , , u s ! s  is’; of n I,,. mm gist v,-,ut r m n : ln ’  - In a s i m m Ii, way, thi’ pulSe eva ! uatmon may Ia: of no ‘~~s s ’ u i m l value in

n’ s,’  t ime t,:xu mntmnat m ’ s n s ’ ,, u’ i i s :e js t  f ’nr  r , ,n  m ’ and rhyt hm. it may . h s ’sw’ :ve r , sjiv i’  di n,’,:t information about Stroks-
vei l un,, arid myts’ smr ’dial c,,,,n r.,cti l~ - ‘ ,t at ,,: , a or tm c va lvula r djst’sis,,,’ ’s n ’  Imsse a ses of tbst - ’;mi :at venss,’Is by t i s t ’
cl-ia, ,sctn’r 1st i ’ :, sI its ,sit  ,‘ ‘ ,h r i o n  f Ia! 1 sr i t :,  ,ml, ’ ,,’ ,s ’ ’ ,’ , ss r by eliciting bruits thrtsug!s ausi ’ultat ion
‘s -/ i-n t l,,’ ’ - , ’ n v i n ,,, l, tiuj. r m ’ - l avicular , “-c i j e t i l  ot fe-moral in s m ’ ’ .

‘ i t s ’ - ’, I x  1 m Issil ‘ , , ‘  or ;,ssi 1st  1s f maxims irnt s ;,in’lia ,_ - 1r~ ,ulse by s ,b ,:, u ’ r v . m t  i nns ’ s I its location a lo ts t_’ nisny m d i ’  - s i t e ’  ar,
l,,cr,- ,,:,s’,l b,n’,m nn ‘ m i,, and Is ’,’ i t  ‘~‘‘I I, nni,mkn’ Vs:s:,ib!m’ a ~sIm ’,n: , m ’ u ! is g i ’  ‘ I s s m ’ ; n s ’ s : , s $  ‘if s a n d i a , -  ‘11 lat,at ion. This
s s ’ . s ,, m l i -/  ‘- ‘,in ,’-i ’i , .:, w i t h  vol,UTS- loadmnin; s f  tI’s, ’ !~-ft v , ’ is t  r i - li’ . iiIs’ , , ’ mva t  i , sns and palpation ‘‘I V lsi’ l i t  I v , - n s i  rid e
I ipt’ x )  i t t  i ns ’ ; ,  ‘ ,~s i s s m s ’ ’ , i nssI m m ,  t b , m ’  l n ’ t  I lateral ‘!‘-cul,i t ,i :s 1,,,:,i, ions a[ lc ,wsi el;t imnisition of t ) , s ’ s ” s i , t  m i s t s  Ic S la t , ’

‘s I  th e I’’ In  ‘,‘-nt mm’:!,: ansi vs ’r ,n r i c’s  Iss n ma:,:, (hm’,jsn-rtro ~shy) a ’ , w ,- 1 1 so, an n’va l,satlon of at m is1 and n aj sid
v.’,,t ri ’ - ’ml a , I 11 m5mn; , l i - h  t v , ’m sn , r m ‘ ‘,si ,ir hyjs kiisn ’ ’sm ’ ; , hy1nerk m rsm nsms ‘‘r dys kim ,n-:s is s:an also h,’’ ’ va luat,- :) ,
I s t i , - r , , m i s t ,  I ’ , .,, -r:ur ,ut  ‘ ‘ ‘ ‘Is ’ ‘ ‘ n  vat ion, ansi Jsa l1sa n m , s t , ,  t s s s ~,’ t i m - n  wi th C l ’ s , ’ ’ , f rom tI’,, me,I mn: a I history also inmdicari’
what may I,’ - t nu ,nn t) s n  - , Is ns,i ld Is ,: look,’,! I n n  isis as m,; ’ : ,  m l  tat  ts r , .

sam, nm,. ’ ions i i’ ’  sm~s I u ’ t  ‘- ‘ I  by eva lua t,mo n Insr  Visss; ’:ral s’islamg,’Ir s’’nst , ,u lnis’sntri .i l venous ) ss it t ’ ’ rns , per iphser’,iI
i . s u l ’ ui: ,‘xamm ,,,t is un i lsy t s s s t b ,  1rs: ,t sO n :t i1 s ns , palIsati~ s n, arid ,mss: , n : u l ta l . m n n r ,  , anni examinat ion of t Im ,- dista l n - s t  remi t men,
t’,: s-nI , ’ ,r , , m ’ s  i’ t b s , j  ss ’j ’ ’ ’; i r s ’ ,s ’ - s n r s s ) ,mr ”y :skin dl i,nnact , :r i :s t  mcI,. ‘Flit- l , it I ‘n ‘,!s ’,,’rvatiss n m : ; mn c lu , i m ’  skin color ,
I ,‘s’i1,,’rat s i r , ’ , hair ‘:haniqt’: , and examinati ’nr, o f  t lsm ’ n a b  l’s .

Tb’- Jsnmt n.i ry Jsu rj%) nui’ of thj :m .gs~s r ’ s s . ’ :bs to , / ml ,mat i ’ut i is tss  ,y,mo to a ‘hmaqns ssr i s  n:snii,:l s i s s j On  regarding Its ,-

~nbsy51oI ‘ ‘p  sn it us and 1,mnictm ’sna l capacity of t In-  cardis,va:,n:ulan synt ‘ r n .  ‘ : n s m ;s l i ’ t  ‘ asriesrimeist usually rt n—
i r enr, ’ s ’smn ’ I ,iks t, r ,nt ~s r /  ss b’ ,i’, V at  m Ints:,. I t  is our pract mdl:  to obtain, w h,’n m : fXiS:~ ils I tn , comms I ,‘t  u-  blood counts ,

t ’1lIie~ ’i ..I ly  t s m ’ i t ~u’ ;!’nhi ns s i t , ’ !  ),, ‘ln,m t ns ’ :n it  detn’n’mim,atlonti , urine analys is , ,i minimum blood clm. ’mm :stry :ut-t sI



has t I ng 1,105 ,1 ‘ ‘put , h i s s . ,,) ur s a till mo’Js:ui , ‘, ;s ’ , ur:, un ,’ i is! , arid :ss : r s ,m,mni chiol,’ ,t , ’ rs , l  arid tnmq l ’ /~’m - t  i l’’:,, A

mc’ ,ti tm g ,_‘Is _’,:t ms s ’-sr ’Iion ;r sam siti ,l .n,s I, ’m n s l ss s ’ 1 ,-ri ’s , alm ’.I 1€-It, i,its ’m al ‘sliest x—r ay ’ s it ’ ’  art of a 1 s I  i rs , ’ :,,,,’ h o —
vat.s:ulsr asr,t’ :, ’5ms’nt, , Usita from 1. 1,, :.,.- t,:n tss  m it’ thi , ’ ,s  c-valuated ,,rssl the’ nec’,) I n n  rt,,src’ ‘ Is ’ t .- , , led irmv ,r: I s l at 1551 ,

is det’ rmine’,l. Any further s_valuation is gus dod by ‘ s s s n  s1ses: i fi s : u t ,j ons for e,s rdmssv,sss: ’s I,u r ‘ ‘x , nm ni rs ,s t  ion , ‘ii,d
by the !‘,,rt iculan Isroblem under study . ‘l ’ Is , ’ :s ,’  method’s are usually ,Is’termr ns,d lay V hs , ’  c’um, :,ul t ,sr,t  s:,,r ’ , h i  ‘s l’~ ’J1 n -

W e: s - x ~ s -  ‘I Uni t the i ,‘ !uei t :s t i n  :s t ~c’ cmaI  examinations will  cs_sf sfOrtn to curr, :mmt ,, tar,dards ‘if s ; , mm dio v , s  -.‘,- s u l s a m
pract isa: .,r I ss:ldom ‘ is ” c i hy  any particular mnvss :;tiqative technique-. !“sr full evaluation, , only II ss ’ ’sis ’~ ‘/n’
methods may niuf fi’” : .  en t h e  other hand , an accurate assessment of the’ ri’,k t’ s s a f s ’ t y  t ’ s , ’ mm g i v e - nm ‘:csi, ,hi I i t s

in a I” I Icular s - ,,:,, n�sy require any of tile available diagnostic metb,ods in c u r d s  ovasculsar di:,,’,s: ,,’ . ‘I ’ Is s ’ m ’
iii,:luslt’ vc ’cto rcamdnss’j i  a~,hy, ,:xe rcise stmc ’ni ,s ti::;ting, 24 h our monitoring si  cardiac electrocardiogram t s r
n u t s ’  and :‘bm ytli r rm , Ills launidle elc’ctrocanIccssjra !sls’j , echocardiography , r ,’u ,Ii onucii ’sst, m ds ’ 5:,, md i is lost y  :;tu~I’/ ,nnnj
cardi ac ca th eteri zat ion, with ang io1Jra~shmy . ‘l ine application ot  t Ime-: ;,’ met ,,isods is’ ,ls ’  t s ’ rm i r ss : , I  i: it souls! I,’- ‘ i s
any current : ‘ ,it s l i ’ s v ,n:,u,,ilar b ra’:ti,;s ,’ , the excefs t  icr,  being that suonryn- ti :’ :I,rs s s ; u ::. m~ qhit mnss t I,’: ‘‘nlts l t,s ’/ s’sI  s ’ X s ~~’j ’ t
t h m ~~t the rs,s;ui rc’mc’mmts to :;ss l’~:’ ;isamd pubis c ’ ~sa fety arid the pbmysioioqie n’” i ’~

, r ’ - r s s , ’ , s t ’ , s t  Isilot s s : r f ~ sn r t s ars : - ’ -  ins
the ISA: : require it,

Laborat:srj Studies ,

I sIs’,, a t u s r ’ y :,t si:l u , : ,  at,: not r~”;uiru’d as; a part of any ce r t i f i ca t i on  examination. Thcse t~~’;I S am” “s I t  ,‘ns: d ,,‘-,
I m ’  s_ s f  Us,’ FM a i r  t ra f f ic ,’ ’:’ s rs t ro l]e- r ls’’s lth programs , and are taken by ‘30% of thin, Isorsul;,I, m:s, , ,  ‘ I I ,’ -  !,lood

, :s ’ ; ,, r him:, hseei, most u:scful in, indicatin’i indivi duals Who either arn~ glucose intoleran t :sr h a m -  ,i t” rs ’ Is- is ”y to
glucose s r s l ’ s l , - ra n ce . An overt clinical diabetic state-  is unusual in our poIsuJ,,t,ion, of air’rtnen, by thin- ,

(2hols’sterol and triglyce,’ri’Js-:s are on-led Isrimarily for counseling purposs .’s . The i” imsiry s a p j s  t ’ s s m s _ ’ I s
to abno rmalities; ins th is area is weight control . They are also used in coronary h e a r t, di:,,, ,, risk a , ’;, :-

mm mii ’ arid ar ts  an indicator for possible St rts’s :,  t i -n-s t ing.  Abnormalities in, uric ,ncid and t r i s~ ly ’: ’r i Os ’ a t
,s , ,t ’ ,’ s_ h m r s  about 30% of tine- so—called normal healthy adult lie-Pulsation (males)  examined, The Si - st conrnliion ca l:;”
of tI,,” ,’ abnomnnauitio,s is excessive use or abuse of alcohol, These findings serve as a point  of : t s ’! s a r t ’ Ur . -
f ’ ,  counseling, and also aplsear to indicssts: a sub—group of the population who are more Isrs st st: to a v a r m s ’ t ’ /
o f  ls c - s i l t bs  problems , both psychological and physical. This sub—group also is more apt to Iss ’cott re involved in
admnir ,sct rative difficulties related to conduct and discipl ine .

Sl’ECIAL EXAMInAtIONS

An~~u1at~~~ ,,,~ lectrocardiogram t4onmitoring.

The ability to monitor the electrocardiogram contins_sously over a twenty-four hour time interval has added a
new dimt r;’, i is r s  to the’ clinical evaluation of airmen with suspected ischemia. It has also I;rove’d most valuable
it, determining the type and frequency of cardiac rhythm disorders. Data of this type bias demonstrated
ss ’.;rsificant rhythm disorders hFmqure 1) in general av1a~ion pilots inflight , and permitted tsrl,sh s s r  disposition
of problem certification cases. The most connui~ n condition seen has been ectopic beats of both supraventricular
and ventricular origin. Ventricular tachycardia has been observed in such cases and also in cases of atrial
fib rill atl’sr, as a complicating arrhythmia, This technique deserves wider application in :,~ s~,’csal cardio-
vascular evaluations of airmen with suspect disease of the corona,y circulation. A typical fli ght for tI,,:
Isilot under evaluation should be included irs the monitoring period.

L.S , PA~~XYSMA L ATmA I, FIPULLATION

Figure_ 1. Monitor strip demonstrating junctional rhythm and s~xmtan.nsu:s
onset of atrial fibrillation after an atria l fsremat,sm,’ beat,
The q-t interval is 0.40 se-ce-rids, and the coupling inte rval
irs 0.40 seconds.
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Exe’rcise Stme’,n - u ‘li-si Ln !,~ .

The current st ,itu:s s n h  the use of exercise stme- : ,s testing to sIt-I ,-, ‘t mnsb vidsi,ml:s with m:s , ’ b s e ’ m m s -  t ie -art
di n- ,m ’ ,i:sr- s m: ,  bee-n discussed by Kedwood , t I  al - (5) - Tt,e thrust of I t ,  i: rejxmr t i t s  t ha t  the g r is t  n i  y m m - I s l
aim,! optimum ‘,u ’,,s;it iv i ty mi s s!  s lsn ’ci f i c i  ty lus t  this techni que is found in population:u with a h igh 1smn’val,-n,s u’
sit the di’;,’a:se’, It appears , tImereftire , t ha t  exercise stress t , -st insj  is I,, ”,t a~s~sl m ,’s I in , gn ss u~ s - an high
t m s k  by ‘ s t I n t  parameters as a ste-I s in a t otal cardiovascular evaluation, . Th is inw’thonl yie -ld :~ siata inn
fu,,ct i~ 5ul ,i I Csi 1 , 5 ’ m t  ~ as compared to a peer group , w i l l  sl&’t u:c’t furict ion,m ! m :;s Ism’mi .m ‘mu ,t ‘S I ‘Ins i f n cant e I s ’ s I t 5 ,  ii
il s :;i ,uh,i T m  t y ,  and ,l,s, s imave pract ical value in as-rornedical evaluations, It remains a h i t  , s ssw e ver , t I,,,t t i s , -
only way to ‘, 1 su ’ s ’i f ically ide-nt ify functionally signi ficant coronary u n - m t  sO :;m- ,S:;,’ is hsy s ’ s s r s s i s ,m ry s i n  ‘ ‘ t m  —
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2. Exercise stress test on a treadmill in a subject with
trilnie vessel coronary artery disease , Ischmemic ST

changes , frequent ventricular premature beats , arid
ventricular tachycardia occurs at four minutes , 3.5
mph/4% grade.

F’m ’jum n ’ 2 demonstrates significant ectopic activity during treadmill exercise in a subject with tsignificant
tO rn’s’ vn:: , ’s, - l  coronm iry artery disease. Aft ,:r minimal exercise (Figure 3) some ectopic beats cont ine nt  into
t h i s ’  s s ’ s :’sve ry  period. At two minutes after exercise, ischemic ST segment changes were observed (Figure 4 ) .
All ns f  tb, ,’ 5,- changes in rhythm occurred without clinical Symptoms . We have employed a modified Balke
I , r tntn s ’sss I  in treadmill stress testing developed during a comparison of stress testing methods (6 ! and (7) .
This, “iill:sl:,IS of a 15 minute walk at 3 ,5 miles per hour with five three minute stages of 0, 4, II, 12 , and
lh% ‘j ras l i’ . W i l l s  th is technique, 85% of healthy untrained adult males will achieve age predicted maximum
b , m ’ , mi  t nat,: .

Another si: , - fu l technique of stress testing involves isometric exercise with a calibrated grip de-vm c’~
(Ergometer , Model EM—SO , Psytech , Ot . Michaels , Maryland 21663). The subject exercises at 50% of maximum
‘3mijs , ‘Ibsi ’ usual duration of effort at this level of grip is 2’ 30” to 3’ . Blood pressure is ob ta m nsn ’d  with
EKG pri sm t,su , x ~~r s i :s,’ , each minu te during exercise , and for fivt: minutes after exercise.  This str, ’ :;n,
1~~~s ’ : s u : m , t ’ s at, acute systol ic afterload to the heart. Peripheral resistance also increases as shown by tIme
‘ ,mmultanensus res,,: in diastolic blood pressure . There is little rate change. This response is in marked
ss,, nstn , l , .t  to t is , . diastolic loading of the left ventricle during rhythmic exercise. Response to a combmna-

is_ si ’s f preload and atterload can be assessed by applying hand grip during treadmill exercise. A typical
aianun,r’ma l n,:si Is nsti: s, . to isometric exercise is shown i n  Fi gure 5. Both systolic and dlastolms : presssmri ’  i n i s ’ r u- a s u ’
drama n i ’:illy, and during recovery , both ischemia and electrical instability (APR,, and VPBs) are snls :s , ’nv ,” I ,
I’,,,nn,:tni, ,-x u-r s : m,,, : may b sn ’ more sensitive in detecting electrical instability than ischemia, hut more data
iii rm ’ j s n i m m ~,l befo re Its tru,’ place in cardiovascular examinations of airmen is established.

I’,’ b , s s ’ ’ a t  s l u  ‘ssJr.ij~ sj

The u s s r”  -m ’ ,” ins I Isi- appl I ,:at , m ‘nm of echocardiograptmy In care! n “vascular disi~ nsn :, is during the imast :s,-v, -us years
has l,u -r-n s nlrama t In: . On a pra’ t ical basis , it Is a somewhat I i’dious techni que. Tn isractice , ml appears to
!,“ les t si’ ,’-h si t In n evaluating asyn.netrical left ventricular hypertrophy for si gnificant outflow tract ob-
: 1 , 5 , 5 1 is,,, , h i  i~ - a l’,n, of value and t:xe.:n,slvely used ins the non—InvasIve diagnosis of mitral valve
s j y’ ,f s m , s n : t  inn , e’mj sE’n:iall y (sre ,llaplle of time mitral valve.
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W M POST IXEKIII tp~~~iNCS

Figure- I. los t—exerc ise  tracings; it, n-salry: subject as in Figure 1.
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W U IWO M1N’iTfS POST ~XUC ISi

Fi gure 4. A set of tracings at two minutes of recovery after exercise in same
subject as Figures 2 and 3. Electrical instability has cleared.
Minimal ischemic ST segment changes persist.
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g ist  iv,,- t ‘ s  cain-di sc ‘:51 b ss’t ,- r iz int, ion, n ’ i s r s s m m i r y au i g m ns ’ j r a j s hu y ,  aims! l,:ft v s ’ r , t  ri ’ :cls_ s ’Jr ,ilshm y . ‘rh- s m ’  t m ’ s - t s r ,  l Id’’ is a:,
a]:,,, demonstr,nts’,h a 1 s n s l u ’ n s t  ial, wit!, ,s r w it hmn, ut s’x ,’ r,’ ise’ :, In ,’ ’,-, I -:0 i ‘‘‘tj for ‘ 1 , - I  s - - n  s r s ’ ~ s~u1, t ,’n :t  - ‘ w i t h ,
!u ms s : l  sona lly  sisjni f m  s - ant con ’stsary uI s - n ’ ,’ di’s s’ a:,s’ (8) , and is, ,’ is,. 5 : ; ,- I ul in tim ,’ ,,- , , s ’ - , ’ i t,,-:,t ‘ s b  myiscardisi l
f’srs ’ : l i s Is ,m ,sd gr a f t pum t s’nm ssy , , h t n ’ r  si,s ,I ‘s  s ’ ’ s m n ’st sa ry  lsy— ! ss:.:; ‘ ; r , ,t t  sun ’t’ ’ny. Th’ss ’ ’,,’ ,uj -~-] i’ -~~t i s is : ,  may,- bu n- is unmade

~sos_ , m Is l i ’  Isrimarily I hmrcsug hm tI, ’ u:, ’ ~ f nss ,unnlsuters ‘ins,) improved s l u t  a ! s r s s s t - ’ ‘ . in lq t s’s ’b , n ,m - ‘-m ’ s -’

F l ’ 3 s m r s -  5 , and Figure 7 illu st n i l - time I e nd i ng s  on a left vei l rm s ’:slar t s r  mim I u ’ r scan in  t l ss  ri gIst , , , s t  s - r i  s m
obi iqut’ 20 desj rn’ t ’  1,x ,Slt  ion Using ‘I’c ‘19 pyrote-ehni i t, ,sts ’ !s,’ft ,r-s’ ,mtss l i t t, ’ ,  isonm’t m m ’ :  exi t’ s - i : ,,- in ‘ u s ,  a i r l  m i s s -
t r i u , : s t ’ s r  I Js i ‘st w i t  I, acqui ts ’s !  s ’n ,m !s!s’te ’ right bund ls’ l s r , m u s s  ‘hi bl ock - This 15i lot w i:, 4~ y’’an 5 ‘if us i’ ’ i s s ’
wi’ , nm ,st anxm is,,’ , t,, undergo cardiac , , m t i s s t sn iz a t i o n. Cl m i s - m i examitiat i on amid c n s r s s s s i m y  in tery nIl - n - ,,
,i :0, h’,’:t m r  .m :s’ ,u ’:ssnu~’nt We-rn : is~ ’ ’ t sI i v,- , TI,,: ,‘l,’n:trocat s h log ra~ s b s i c’ ch ange Isa’! hse ,-rs ss!s ’;t’ r’ V,’’l on se r ia l

l i - s - I  m’ss;ardioqrams rs:qsii red armnually for ‘ l a s s : ,  I certifica tion. His I ins t urinal s :aIs,ms :l ty we,, t x , ,”’ 1 ln - s st
Is ’,’ I mn:adini 11 I ‘‘s5ting, anid tb ss’rs : was no nJ,:tt:ctable jschmemia or elec t r issal i ns tab i l i t y .  A ‘l’halleswt . 5 ’ S !

‘ ,n:,un, ‘shst , ,ii,n,’’! ‘,I t s r  rss : , in  maxima!, n’ xe rcm um: str,’sn-, (,s:;tlng dvuns,mnst rot,~ d h,~s rsx s s I u ’ n’ s ,’ss u: , myocardial pn-r I,,’; son
S’J’f l ’ ’’ s I i t s g  mm’ nina 1 nn- i s ronar’y artery l~ ! ‘sc’I flow , The control ‘rc ‘i l scan rs_’v,’,il ‘“I imypokii s ’:s a oh tb, ’ It - i t
‘m, - t , t  m ‘:1,:, : ‘ ‘ m l , : s m l , m l m ’ s !  ‘: h i : c t us - m m, fraction was 513%, After hmauid grip f,in tb, ,’r evjnien,:s’ of ‘j s -ns i-t al 1,-ft
v ’ - rs t  t 5 cu lar hype-km nsu ’:,i’i i tS appari’nt. Eji-s :I jon fractiont af t , ’ ,  hand grip de’crr’,,:,,’s , to  ¶,2 % . Tis i ,’ ,n -r sn s, ] s_m m ’

from I Is is - 1  un l y is thiat tIsi ‘, acnni mi red rinihl’ bundle’ Is :  ‘s is ’ ’ b ,  b s ! n s m ’ f r  is due I- n, ‘;n,,rn ’ tr in’ ia ny t ” ”s s ’ ,m n ’ I s - m l d i ’ s ’ s ’
p r n s - m ::, :s , and nm i s t tms coronary artery di :,nn-an-,e,

(‘1)131 ‘I.i JS 11,113

In n:ns i,n l usion , s :ssr,,-,s t ai rman medical examInatinsns :s or,’ minimums inve:,t igatms s m,: ,  nsf fitis,::,s b ’’r am n , n m ’ w
‘Jul i t - : . ,  The m I t t  y ,,:s:ts ms l and accident experience of the FM , however, suggests tim~~t the n’xm - - I  In’j
‘ :n’nt ill cat i ’s i s  Is r t s ’ : t ’ s l s mn s ’ : ;  h ave empirical value to d,’t i ’n’t medical conditions which, are hazar&su’- l ’ s  a v i a t  mon
‘safety. Er, part , this us due to a continuing edun’ational program fot aviation medical examiners, This
prts ’ t r u m n s  m ’ ’I.”igned to ‘- ‘snstinua lly update cominuninsation of FAA policy , to instruct in tb ,,’ fundamentals oh
an ,mv la t eon re ”hm ‘ - m l  ,.xammns ,ut ion , and to j snn av r  de a forum Icr di ru’c t u :xchanqe of -x lsi-rmn ’ne-, s and 1,1”,,’ - 1,,,
,n ,mi ,v,’ nm-ns t s t  c i v i l ian ,  aviat ion pract ice . It. is also lu,’ in I-mart to the aln’rI nw:;’ of the examine rs t ’ -
lA s t -I t m a l l y  hazardeisiss ‘ ‘ 5 1 5 , 1 5  I u s s r , :  arid a wm l l . i n is t nst - :s n- ,  to reshss u:st addit ionual in format ion,  un~n- di cal documnien—
t~~t mon ansi ‘ Inn:’’ m , m l  consult a t  ions b sn ’ I nsre m ssui nn~ an a m man nix-sI 5 c a l  ci’ rt m fin-ott’ - Al though t iris I’’ ”” as may
‘ !m - l ay  S “ r t , i h i ’  m l I ’ snm a,,,! is :,ns rt , , ’w } s ,mt  a ls ,nw and cumn,bersonxrt , it is a valujablt ,’ safeguard in, regulatory une,Ji’- ,,!
prais t u s .’’ .

P,’n’ ,’,i,a 1 expe n m I - t m ’ ” ’  in n ‘ “jular ai finisin mu:,Im n :,il s:erti f i ,;at ion , in pert’o rmm ng n: ,m rd issvm: ,cu lar  c s s rs s u l t a l  l o ts ’ , in
1s rn , hs l u ’ m  5 cu es , In c e - n t  m f i ’  ml i ‘‘us ’s I ,imr t n , m f f i c  ‘:‘sn,tro l - I s ( ’ s - m a l i : s t s ,  as a i,,~~nis,i]tar,t Is, T I , ,’  Fe deral A i m
‘ an ‘pie -n, and me-mis,:, ’, I tI,, Admiiini:st rsmtnsr ‘ s Mu ’ hs cal Advisory Panel , m iii ‘‘ m l s-s I lu,, t major advances in
i m l s r s s ’/ in’( I!,,’ :, ‘fate-un mm ’ t b , t  Is’’ gina,!.- w i t h  I, ,’t t , ’ r  fo l low — up out airmen who are denied c,-rt ! f i  s - ,,t m m , ,  T h i s
infnsmnn,,l is,,, w ’ s s s ! d  m uni(sm nsv l- m ’ s ’ s , - ’ . :smu ’ui t of c u r , s ’ u s t  pras ’ti 5:,- : ,  and pol e s s m i ’ : s  , t4ss, t r e— n-va ! ,s , , t i ’ , rs ’  oh pol icy an,’ !
1sr ,In :t , ,‘ ‘jr !sns s ls. s .,,.s I ‘:bsangen5 is m ’ ml ,:s; now come’ from advance’s in medical diagnosis and jsn i s  I inS’ , (51 in
medi ‘n-a ! knmniw l s- s I ’ 1m ’ , ~onnw~ ‘- hs ,i s , in ’ ’ an ’ - I~iought ,m l s t s , i t by new tbu’’ra~sess t u , I s ’ s  I s , ,  l s ~ s i m - ’ , a’s i n ,  Il u ’ s ’ mSe - s t  a’s I’ ,
cns ronary i s / — Is , , : , : ,  ‘j rs f t l  n t  lsroi:,’ I s s r s t s .



PL . BKGD , DT CRCTD PAT DP STUDY NUM 2768
ORIENTATION 90 FM N.MAX 200
ACT LEVEL 45 ACT RANGE 49
TOT CNT 29300
AUG ACCU TIME 1.00
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m s j s m n m ’  5 , , s ’s, ns t rss ! ’!’s ’ 99 sin  m itsuI , -, s,’a,, snf I 1s t ’ l e f t  V ,’ Ist  n i s - i n ’  is, 13~ o ~~~
s s s ’ , s t  c i , .  F 1,- I ‘sn, Inaction 58%.



PL, BKGD , DT CRCTD PAT DP STUDY NUM 2768
ORIENTATION 90 FM N.MAX 200
ACT LEVEL 45 ACT RANGE 49
TOT CN T 25900
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AFTER HANDGRIP

I’ l ’ j s m r u ’  / - i ’ m ’ J a - I t  ‘l’s ’ ‘I’) perimeter :,,- ar, ii, same subject a f t er  51)5
m.mximu nn hand grip , E)~ ’ s n - I  m s _ s n  f,a s t  inn ‘, i a.



l’s r m ,s l  ly , inn r I,’ I ,ii it’d me-dis.,m l knuwleslsj’’ s.sf m d i  idual mi rms’is , un x re inmt , ’nmsi ye examsilniat i ssrstS , ar m ’ ! a pssl i s’ y
ot cio:,e: mt’slmcal :surv,-iliauss:,’ allows unxsms : pilots with knowum problems to mainmt ,,m. n f light ~.u ivil ‘ s t - - s i t

u s’s ri:sk to Iiui-miic saft:ty . Personal experience m d i  sates th at an aV iat ion utur- sir cal n ’xam m n t ’r i’ itKn St

eff,,-ctive wI,e-n s ls .:al ing from personal knowli :s isjs ’  on ml, individual basis wi th  unw’gnmbm :r :s m l  ,, c,.sb ss_ ,rt ns ~ ui  m ’ l w ,

This ssptemurn situation is ‘litfi cult to achir-vi: , It is approached by FAA phy:~ician:~ in Air Isoutin- ‘t’ r a f f m ”
Cnsntrol i’ eumt ,’rs , arid is possible for ins ’ ! ,  vidual av ia t io ns  mt-s l mca l  exannmt,,:r:; in I-h i-er own qeograpmim n:a i a m - si-
lt  is m n e f f i s s i e ,s t  , h owe ver , and remuma imis costly in te nnis ‘-mf time and nnurm rss-y . Ti,,:,,’ is a “5,1st 5 s u i ng  n,-,’nh I s ,

experienced j s n’ nsonnel as wel l .

All ins all, the’ curr.’nt certification system appears to be a satisfactory, practical comn(smn smm ’ ,e b s , ’ t w s ’ m ’ t ,
the ideal medical evaluation and the existing constraints m uumj sss s ;e- d by th ,‘ :;cs,slse and size s _ s f  I-h” t i rm ite d
Stat,-s Nat isinmal Aviation System.
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DISCUSSION

Lequay: I wish to ask you a question on the continuous recording of the 24-he-u, ECG . How f requenstly
slim you do it , what are the results , and what are the conclusions related to aviation ned;-
s: inmt’ . when extra systoles are present? And , finally, what are y’ssmr recomendations ”

Westuras We are requesting them increasingly, It is not a routine procedure so far as our s:and i-
ovascular specifications are concerned. But when we do find someone who has an arrhy thmia,
even If it Is only periodic ventricular premature contracti’sns , I think it is important tr,
get some dynamic idea of what is happening over a 24 hour period . Now , if they show run s s _ s f
ventricular tachy :ardia , we would not recom m end return to flying duties, If the prematunu’
ventricular beats have a long coupling interval (that is an ER - Q’r ra t io  greater than

0 .1 1 1 ) , we would probably allow that individual to fly with surveillance .

Trh,-bwasser: Do you return pilots to flying duties who have experienced an u-p isode of atrial fibrilla-
tion? The first case you presented appeared to be in at n ial fibri llation.

Wermtsira: We do not allow airmen to fly with chronic atrial fibrillatisso . We. usually require Ibsat
they be in a normal sinus rhythm for a six month period on no medications before we will
certify them, With rapid ventricular response, as seen in tb,, first case I presentu:d, I
think he is a hazard to himself and to others. Therefore we- turned him down .

F’itzqibbon : I would like to make a couple of comments on simple things and thu-n more complicati-d ones .
The simple things first of all. I couldn ’t agree with you lunur.- that it is very important to
have some firmgers and to listen very carefully for 4th heart sounds. Hut , how do you untanas!”
to teach your medical examiners in the field to do this? It is all very well for you to do
this in Washington . But when somebody talked earlier this morning , about a thorough physical
examination , their physical examinations are not really very good in coronary artery disease
detection unless they are done by good physicians who know what to listen for and what to
feel. So what educational program do you actually have for these medical examiners who are
scattered all over the United States?

Wt’sturas We have a continual educational program which comprises about two seminars per m’~,ith. t
partici pate in about half of them and what we try to do in those sessions , is to emphasize-
physiology including the pathologic physiology if you will , of those sounds , Now , an atrial
sound can be normal , but if it is accompanied by a palpable presystolic thrust at the apex ,
that ’s abnormal. It is a subtle differentiation but still nonetheless it is a matter of
continual education for the AME’s. I can recall calling a coll”ague during my training and
‘saying this man ha,’r angina and an atrial sound , and the colleagum’ say ing bacur to me, “We -Il
doesn ’t every one ” . It ’s a matter of educating yourself to listen carefully and placing
them in the context in which you have found them.

h”itzgibbon : Yes, I agree entirely. There is a current argument about the significance of the fourth
heart sound . T think Spodic Is one individual who is most concerned with defining the
significant ’s of these sounds. I’ m talking about the average young pilot , the 30-year-old ,
who normally does not have a fourth heart sound . But if he has coronary artery disease , you
can easily precipitate this by having him sit up and touch his toes ten times, Thi s  is a
very u s e f u l  and simple l i t t l e  test. Do you do this with your hand grip tests, that is
listen for a fourth heart sound before and after isometrics?

Westura: I spent a year in the Air Traffic Control Center examining young controllers for the most
part , and my experience is that atrial sounds or fourth heart sounds are very uncolnunnon. I

don ’ t recall in the whole year ’s work there that in the group between 26 and SO years of
age , finding significant atrial ‘mounds unless there was present hypertension , corona ry
disease , or something else. And it is very remarkable to me that clinicians always state
the heart rate should he between 60 and 100. Well , in the normal air traff ic controller
population It is around 48 or 52. You lust don ’t hear atrial gallops in these people , nor
do you feel them.

Fitzqibbon: My other question has to do with the hand grip test. I wanted to specifically ask if you do
lIsten for heart sounds before and after isometric studies?

Westura: I always do a complete physical examination before I do any stress testing. Then after a
hiand grip test , I always listen carefully for fourth heart sounds , It is crucial to listen
not only at rest to get a good control , but afte r exercise , whether it be hand qrip or

treadmill.

F$tzgibbon: My las t question has to do with the patient ’s addition/subtnsm s ’I i ‘ n t , :, , s~ s t iqns mns ym nsm i llu str ,nl , ’sl .

th is radion,is:lide studies appeared to be very valuable, You ended up your synopsis of his
history by saying that he had normal coronary arteries. This , of course , was a surmize
because he had refused coronary angioqraphy . IIi’ had a hypokinetic left ventricle and he
presented Initially with right bundle branch block . Would you not think that right bundle
branch block and s_ i hypokinetic left ventricle to that degree , add up to a cardionnyopathy?
would be disinclined to fly across the Atlantic behind that fellow.

We”st,;ra: Yes , I agree with you, The main criteria for returning him to flying duties based on re-corn-
mendati’nn-s from consultant:, who are much more export in the technique than I , that is , the’
n:jection fraction. This man ’s eject ion fraction was 58% at rest and 52% after exercise ,
b,ms th belnq above 50%. On basis of these normal ejection f ras .’t lons  and non’intal treadmill
tests , we ej ec ted to certify him for flying .



Joy : I se-sold like I- es nsf what your attitude is to the problem of 1sara systss le ~ Wu: have c e r t a i r l y
dlagncsst’ni parasys to le  a crsuI,le of times in the last year. :,rse of these mndividuals s:xps’ni—

euiced w-r ,tricular tachycardia on treadmill testing. TIs~’ others are under investigation a t
the pre’st’nt time . Since it is often recommended they be relice-nsed, I just wondered what

~ n,smr attitude to that was?

Westura: I surveyed a group of cardiologists in the U.S. and among those, was Dr. Anthony Damat~ who
is an exlse’rt, if you will , in His bundle recordings and in electrocardiography . The consensus

was that parasysto le is a benign phenomena. I have not set-n ventricular tachycardia afte r
exercise as you have. In general we would not disqualify someone or, the basis of parasystole.

Joy: What is the frequency of it in your experience?

Westura: It ’s about 12 cases per year, very small.

Trlebwasser : We see parasystole very commonly in our flying population during 24 Holter recordings . Our
policy has been to let these people fly providing there is no other indication for malignant
VPB’s such as coup lets , multiformed beats , etc .
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UMMARY

A program of lechemic vascular diseas e (IVD) risk factssr mdeu ,tifi cnt lomm and int er ve - ust i ss us
is be inusi slm ’v~’ioped for demnsnstrat ion in the U.S.  A ir  l - , , n s ’ ,’, This j s n s ng ra mnm should form a
mcnde l ,sf prss’,!sr: - t l ve medicine and tIm,’ basis for rev Ision of the periodic j shy s i s~a I n’ xam
inationm. If successful , the IVD model would furs, the f ,su us ’ la t  m s s u ,  to which ,nt,lmer he a l t h
sredis ’t ions ‘ - s ss ild is,-, aside-si ,,s ssnffici enm t information became available.

I. BACKI;hlOtJND

o h all the healt is  j s robs leu s s  fachr,q the developed countr ies of the w s s u l d  today, caniIh,sv nss -s ; l a r  d isease ,
‘art i cm. nnh y s - s s r s s m s a r y  artery disease and the consequences s t  high blood Isressure , Is tim,’ s i n glm ’  1 ,5 ,1

ssss ! s s s t ’t an t from the i~~usss l sal end economi c viewpssint . Iu, time United States , mssr ,: I seus !sii’ ‘lie s t  s a n s h i o —
va ss-silar dmseas,- than all oths,’n causes combined. F u r t h e r , a large P’”!”’ r I iss m m suit,’, s r  ippI ii,’; i l lness
s-ms s ’ ! s i m - ath d u n  um sJ t h i n - m r  most jsr,i d sms -t lye years. ‘rime A ir 1 , 5 m m ’,- sbie~ i-s this 1 , 5 5 1 5 1 c m  s:us ’ -e car,im ,nvascular
si I ‘ s , ’ as , -  .1 156’, sf 1’’ ’  I’, t Is” i ,uslm vi sh ,mal a I r,nan,, s if t  m cers , enid II, ’ Air Furs ’,’ in , th e- same- way . It, cons; sit- n i , s’ i
I is,’ I m u i n , s s - m  ci ;sss ; as I als,rs,- , i:ardi,nvascular disease- curru-us I ly costs the hi r I”s,r, -t- ,,vi’u $100 m i l l  m ’ s,,
y m- an ly .

Tb’- p rs n t s !~ ’un ssf  ss ’h iem i s -  v a s c u l a r  d, sease is comls,sunmdi’sh when, It us , n ’ a !  ii,,’,! tha t II sn s u m , , , ,  l u ’ ; ins
‘‘ar ty m m ,  l it,’ - u i  th ,-r h I s i u s t 5 l s s ’’/ sr clii idhood , ans i progresses to !ns’su ~rmt as, a suddu-us s-atast u ’s t’ is us ’ s’ v s- m mt
its s n,’’ ‘ s i t  ‘~ f fiv e Amen, ’ an, I l l s’ s  h s r — f s s r s ’  t h i s -  as;,’ ’’ I 60 (1! . s s v e t  i s a  s t  A men 1, -a, , ma In’s ’  ‘h ey,’ i s s t s m u s ’ I
s ’ ,s - hs e - m is ’ vas’ ’ulan ,h i :s ,’a’ ,,’ hs n t,,,, t b m m -  age of l,lJ will have t im e -j r  f i r s t  syu ,splrs nus is n’ a m y o s ’ a r s l m a l  l u t e ,  s:tis ;n, ,
au md s,v , ’n i ’ sS s t  t b,i’ 1 ,51 u s’, ,$ ,s w i l l  have ss ,,Isi, ’ns deathu as their first clil su s c i  rrsa ns i t , ’ ’ s t  at l o n , .  Ily tine - tim e ’
i u,slivi d imss i ,, s hm ’ v m ’ l s s l s  s y l l s j s t s s m s  s I  5 ,snsh ,,,vasu- u lar diseas,’, thu’u-— fourths s,f ti,, Iso lsulat is mn , w i l l  ‘ia’s,’ ‘‘sia s m
mum,’ ‘,b,:,n rs, s - t 15 , 1 ,  s s t  s ,i, ,— s s ’ m s s n , a n y  ar t,’ ,  y and over half will have- a total ss: ’,’lusi,mn st s s l s ’ ’ ’ ’ n Puss,,’ vi- -’nsu- Is (~ ‘ b
It is , ‘vi ,i n ’n st , t he m -I ’ ,,, - , t Is ,a t  l b , . - , ,~ an ’’ m,,,e- re latively youn g I ‘‘- ‘‘I’ Ii’ w i t b m ’ - s s m s s r s s a ry disease W I, , ,  are
asyunupt s,,nan i s  I Isa ,, II; ’’,, ’ am ’- symtstsnm ,at ic J nS t h e i s t s .

‘I ’ l s s ’  rout ine 1su ’ r i i s i l i ’  a l  s l s ’ / s i ’ a I  s’xamunation , although loqically a va l,mel,le toc ,l  Is , ,  It s , ’ ,’ ‘i, !y
i s s l s ’ ,  I n i l — seas ,’ , b a s s ’ , , , , ,  urss hi” u i , ,cm easing question In tine In st In ’w year’s . Seve ral s t s m s i m n - s  s ave

I 1 y ism ~ n n s  s ’s , , ,s Is i , -n n”I l’ s , as sess I t i~~ va! lie s i  the routine examinations • arid lis t-se St si s h i , ’s ram s,’ :5,’, ssu ,s
5 ‘ mis a h s r s s m t  the ~- t I t  I ye-n ess m l  th is approach . ‘l’h i s is particul arly trume w it h  r ‘‘I e m s ’ , , ’ ’ ’  l~~ s t t su’

,‘ar ly ‘ii agnmm ss is of i sn’hemh s- vascular disease. The s-urrent scope of the- rout irs ” t s t ’ n  : s , s i i , -  physical exams-
s , , at ion w i l l  ‘ 1 s t , ’ ’  I ~~~ sym~s t s s r n at i s ’  pat ierits , II,,— j s a t i e l s t  w i tim s i s 1 n s m  I h earst ly e l eva ted  bslsss,d J~~ t ’ s : s s i r u ’ s , ,

,a,, ’ h  n h ’ ’  at  5 ,‘l,l w i t h ,  a,, usisniorunsal r,o’s t inq ‘‘ led u sss -ar-dloqram, ~‘ le a n l y ,  symptoms w i l l  runt be si uss ’ssv, ’r ,’s i ii,
II, ’ s.c ‘‘n I t y  s t  Isat le nts I s e ’ s ’ause most an’- asymptomat Is- . In addition, , then ’ are- 1’r ,mblr’m .s c - ss n i c e mni nsj the
a d un m ,, i  s t  nat  i s,,’ h i ’ s h s s s t u i t  5 ,5 1 5 ‘if i imd iv ldua js  w i th  an e levated blrnomi hmress ure , au,d i n s  ,ra ,’t  m ’ s ’ , it is  s ’ ssf ls i Isssrs
t ’ , find t h a t  in’ ,i’u’rtc ’nis I sn, h as 1st-eu, i ’jum ssred . Additionally, sins-,’ the re lus t ionsimijs sib the risk t s  s u carslm ,,—

“a’,, ’ m l c u  ‘Ii ,‘ i’ s’’ is ‘Ii tm-s t ly con ru ’lSted t m  the level s f  t h e Is! ‘ s i  !sr’- ss sin e in a 1 irmear fasimis mi m , t Ime
Isa t i t’ l l may Is’ ’ at I nm , - r i - as , - s l  r i-~k although him a blornd presssmrea art’ wi thi m is tIme ra um mj e - s t as - s - elI  ab le’ Is’s,,’ 1.,

fun aslu ,s mn,l, str at lye ‘smn ls sssi ’s . A lthmo u’j tm time routi,,n’ resting , ‘ l , - s - t  ri ,car shisss t rarn is a v a l u ahmlu ’  t s s s , l  Ins the
1, 1 5 1  an, si ls lsarent Ly healthy Is ’sp ula tlss um for  i mn- a r t  disease , it is w e - il re’”’ ,: i, ~si t h a t  it us - s fan

In’ s:, Si ns ’s i i i  vi- lisa ,, the i’i ,’a I and in addu I ion , man y st  tist’ fIndings n un’ ns’snm s t si- c l fic ‘‘‘Jt’us wim en I b , , ,~ i n - n - —

I r s s s ’ a n s h s ’ s q n n s s ,  is a,i,nmm ,rnss,a i . 1’rrsm I ’, t~ , 1( 5 *  s t  Is a t i e r t s  exjs ’— n m m ’ n s s  h ung a class ical myocarsiial m u s t e r s - I  i s s n s
w I I 1 I snse I lie- ‘ii a ’ 4 n s s s s t  I s ’  f e~~t s m r s - ,’s of I t ,, , !  t’,:I rsscardlmsqram , of t  e ns w it Im m I s  unmonths a f t er time evs-nt ans i thus ,
I!,,’ 1s,’rIodlr ~‘ ! i” - t m s s ’ a n s I ; o q r am may miss a myocsardial infarctIon (3). A dd it i un im a lly, it is well known, that
i ums h m v iduals with , signi f i s-ant  coronary heart disease , t s s  t he extent that they su f f e r  fu i’ I smt ’ t s t  h , s s s m t  s ‘‘I
a n t  in c  1st - , - t  ‘sn I,u, , may biev e cssu ss ;s in-tm’ ly normal s-I r’s-t ror;ardiogr arns ever, i t’ t he- t ,’sts are made p u n  Iss ,iI call y

and ‘ ‘ a r m - h  s i l ’ /  s - ssu n t s s a r m - s i  ‘ ,e ria l ly. Although , nm,,t a part of the routine perisidir ’  physical examinat is,, ,  in l i ss ’
A i r  I- s r . - ,’, maximal n- nn’r cise - t reas’Inulill stress le st ing s ari :ui gn l fis ’anst ly iulsjsrs sV i’ II,,- ,h,-t,’ , - l  s o n, n a t , -  s t

asymptomat u’  is ’ in n -m is ’ va ss -silar disease , Aisriormal treadmill t m-st ’s have shown a ni ~~k m a l i , , ~~ 14 :1 ssv ,’,

Isi- s t at ive I neadm l 11 tests f’sr l Ist- suisseuluent development s i  clinically evu sh, ’u ,t iss ’i,emic vascula, discuss,-

In a mix-ye -ar t ss l low—ujs period . However, the predictive value ,f an abnormal treadmill I t’st was , sn i l y

105 , end 11 ,5 ’s,. n i si t iv jty runly 1,1% ( 4 ) .  Ther m ’f s s r t , the addition f maximal treadmill exem s -is,- ‘,t mess

ti,:,I i ns ’; a:, a 1 ,5,1 Inc ,scneeni,,’t procedure to time periodic phys h s -a l  examinat join would sign i f i s  antly  im lsrnsv,:
t ,hn ’ , i i - t r ’ s - t  lot , a lt -  s t  as yuuIlst ~ nmat ic ina che rn i c  vascular  disease , but the resoumrces requ im i ’ i to apply t hm i t m

I ‘ : 1  t s s  ~~~~~~~ I in ” Air I”ssrce InopUlalion are not available. A large part of the- s - i  I tir ’lum m st  t ! ,~ ’ n i l  in”

s ” r i r , d i r ’  ~st sy’s i s ’al e-xa nnh, iat ion has come- from the lock of s ’ s s s t  effectiveness in sucim cxci. Inatm ssus s ,

‘ s v i ’ r  the ; ass l s,’v,’ral years , worldwide studies have shown that individual suscepn ilsi lity tin man y
s - sar ’Iiovas s ’umla r disease-s ‘-a,, 1st’ pr edicted reliably using risk fact,srs as lndis -a tssr s, Ftm rthermunr ,’ , :nl,’r—
veust lssr ,ss ‘Ii rn-s 1,-mt at sped ti m ’ risk factrnrs in Individuals who art ’ at his;h risk can belay or Is rev ~’l,l many
m s f  t hu m-i r ser ls ,si,’i s-ss,uftequieflces, By “usl lacting the more Importan t r isk h 5,1 ,srs , si t  i lizI nsj them , arid del e r —
m lnml r i ’j  a s’s mrnk s lned risk for th” individual , and then s’us u su - m ’r mt r atinq e f f s s r t s  on tho8e at high risk , it is
l ikely that the cost effectiveness of the periodic 1shysical examination could be s ign i f i can t l y  improved,

I;,-’ else ‘sf the above consideration , a proposal was submitted in May i i  I-list the Air i nca conside r

devel sm jsln s’j a program ,sf coronary disease risk factor Id e n t i t hs - at  ion and n i ~~k reduction . The Isroposel was

-~~



,vitw, ” i stt,’l st rms l s ’l l y m ussi,, , ‘sr~s I in a fins ,, ! report m : s  Apr 74 by I-h,- Air F s s r  ce— Sc’l ~-t,I I f ic Advisory hoard mu ,
s s , m m s ’ s e l  with a number of l u s t  emniat is s u e !  iy known me-s I ice! f i s ;s i res  . T ime- A i r  F , ,  ‘ -u’ has now ls m- ’luns tb,’ d , ’V , ’ l s p —

,l,,- n s I  ‘,t : s s s s ’h ‘m prrigram .

I I  - ‘t ilE P15 5 s I ’s ‘SAl.

A. Risk Id e -nti t, ’ sit ion

- I’ :ris sslmc ity
I’aI m ,’n,t:S ws s s s l , i  s t n ’ us i : r a l  ly enter the - I r555;ramnl via tim,- routine l s u - n u s s s h s s ;  Ish’/:sicai s-xans , The p*sn1~ s s l —

i c i l y s it  the m-xsms n i nation ws,suld be m ull tied by optimizing with ms:: ips ’ct to resources av al  leb l e us m rmq us,, Iii—

efl,,mI m s-al r r ss , s i , ’ l  i nq of the Air F’ssn m e  Is’ ilsu lat i ’s,,. The s :smrr ent peru ‘i’ll ‘ ‘I ty of tis,, phys i s- a l examinat loll , ‘n5

‘l ir e - s t e - s i  by At’l( li ,s)—4 i , would be modified to insure- Ir,s !usion of the younger individual in the- A i r  1-5 ,1cc

iopulntmons into tim e- risk screening program in a more time ly fashion than would lie t nsie cu mru- n, I ly. !-s sr

.‘x amunple , of f m s -e’rs and airmen not on fly ing status are- not re-qui nn-sI t .s have periodic medical m-xumm innat l’sn ,: ,
‘ i n s t  i i  m’~

e 2 /  and th,ms may spend eight years or more in the Ai r  Fm,m”e without l ie- ne-f i t  of t i  5k identi f i s , u t iou, -

2 - Ss :s s ~sn ’

Thm~ Initial ,scrtst:n,inq evaluation for this p lans woul,i in,s: ls m , ln’  those- it ,:ms ’~ur ms-nt ly r s ’ s ; ii red by
AFR 16 0-43 w i t h  the exceptissn that the por tms sns ‘sf  th,~ physical e-xa lusiu,ation current ly condus-ned by pimysi-
“ma,,:, w’ss,!d be deleted. Ad ,litis,nal data would ise colle-”ti’d , whicim would inclu de- serum chi,lestm’ rssi , ,s,:rum
tn i sj ]y s s’nides , fast ing blood sugar , and risk factor data on a special questionnaire des~ sjne’si I’,r us,’ in,
combi, ,u-si risk calculation. Risk factor data to be collected would in clude age , sex , cigars’Il s -  sn~~ki ng
I s m s t ’ s r y , als’r,h’si ‘-onmsumption , exercise hab i ts, individual history of cardiovass :ular disease , family
hi st o r y s s t  cardiovascular disease , height , weight , systolic and diastolis- blood pressssns’, electr’,s- ar ’imss-
‘;ram , sm -rum cholesterol , serum trigl ycerides , and fasting blood sugar. Add it iorsal research w i l l  he
ru’s;uired hi n -t ort- fin al determination of the complete risk factor Set Is, be used. Evaluat issus must bt’ ~“sr-
sued in rn-stand to jsractmcal methodology for assessing stress , such as the life cbmanges Index (Holmes and
Rat,”) anmd Jenkins act i v i t y  survey. The desirability and pract icabi l i ty  oh su :pdrat :nq cholesterol in
al;shsi and be -ta lipoprotein fractions deserves further study. The exas ;t rs,1,-  of n:Xercise st ress t,’s-sl ;us’;
, m ss ’I i t s  application in the- risk evaluation will have to be dete-rmiu,r ’sl ,

3. Risk calculation
Current work is addressing the question of the best statistical approach to indiv idual risk

‘ sml”smlati( ,n , ‘m’s well as the best methodology for handli ng the population slate, An in,dividual risk cal’:’,-
lation will be- performed which will identify the current risk for the individu al and w i l l  a lso pro]n’ct
th’~ eff,-’:t of modification of individua l risk fe,- tr,rs upon the combined risk f igure. ‘rhe combined risk
figure w i l l  be a threshold for deter-mining the disposition of the- individual with reference to the risk
re-d is C ion Isro’ ram .

II , R isk Modification

1. General
The entry criterion for an individual into a risk modification, program would be the combined

r i sk assessment. The utilization of the combinr d risk assessmen t associated with tbse periodic examina-
tion would offer many significant advantages over our present approach. Obviously, the most significant
advantage would be the opportunity to intervene and to prevent at least some of the personal traqesiy ss f
ls r”mat,Jre death and/or disability associated with ischemic vascular disease . Although the data sup-
porting the concept that ischemic vascular disease is preventable Is not complete , that conclusion us
insu’s’:apahle. (‘ u qa re t t e  smoking constitutes an avoidable risk and cessation s s f  s:igarette smoking is
followen by reduction In ischernuic vascular disease risk , especially in the younger group (5,6). The cx-
smoker atshsnssas’hes the nonsmoker risk of death from ischenunic vascular disease after 10 years of abstinence
f rom smoking, but the risk of lung cancer drops more rapidly. For patients with diastolic blood pressure
elm-vat ions In the range of 90 to 114 mmhlq, drug treatment has produced a decrease- in the risk of developins;
a m’srbld eve-nt over a f ive—year period from 55% down to 18% (7). While the t reatment was most effective
in the prevention of congestive heart failure and stroke , and least effective in preventing coronary
hear t disease , Use data s ’urrently available support the judgment that effective , long—tsr-un therapy for
hylnu’r tension may help prevent coronary heart disease as well as other ischemic vascular disease . There
is nr, ‘:r,ns:luslve data that would allow one to determine the effect of lowering serum cholesterol on the
risk ot develojsing ischemic vascular disease. However , there is substantial indirect data that would
infer that faith In tisu’ efficacy of lowering serum cholesterol is justified. Dietary studies in both
animals and mar s are  avai lable to support this hypothesis.

Interva’n,I ion into each of the above example risk factors requires a modification in life style
“if ~uff ls : i e nmt extent and in enough Individuals to significantly Impact the problem of ischemic vascular
disease . Ss mr’ s:es ,’m rates f ’5r one year continued cessation or marked reduction in ciga~ ,tte smoking have
he-en In the range  of 20 to 30% (8 )  . Control of hypertension in large out—patient populations has been
achieved In 90% of the treated patients with a compliance rate in the range of 90%. Lowering of serum
lipids can be acisieved In the majority of patients by dietary change , exercise , weight loss , and/or drug
therapy . Approximately 60% of the subjects in the United Airlines study had a decrease In , lipids during
the fIrst year snf clofibrate therapy and an addItional 20% over the second and third years (9), Thus, It
appears completely reasonable to predict that sufficient alteration In the major risk factors could be
achieved In a large population to have an impact.

A mathemat ical model constructed for the Air Force population predicts within 10% of the actual
Air Force case rate- for iimcheml’: vascular disease . Using this model , the ef fect  of changes in risk
factors achieved through intervention therapy can be projected. We used a f Ive-year linear washout
period f ur full effect of a favorable change In riak factor level. The results of a series of changes in
risk level si re demonstrated in Table I. Using the levels of change that can reasonably be expected to be
achIeved , the  model predicts a decrease In case rate of 18% ,



i rs add i t lssu , , ‘ t hen j ,r,si live e f t , - s-ts could lie’ ,’ xl’’’’ It’d from this  ajsj~n s s a s - h, ,  1,1, 1,1 m f i s ’at i s I s
individual s at increased risk w,old allow medI.’al mntervenmtlon, at l Ism - ’- ’mnliu ’st pssssIbl’- phasn’ st I t s , ’
disease t s r ’ s ’  e55,  There would be a specifi s feedback to  the pat i u - ust  fn,,,, t Is” r,sut i r e  t”’ m s , s i m s -  lshsyluis ’ a l
exami nuat ion amsd sh e-s i fi - t s ndinqs ws iuld is’- more I mk i - ly  Is, nest ivat  i’ comj ,l I ersce than do s ; s - n s s - r  a l i t  ies
‘l’bs,’~- e is the oppmsrtunit y to optimi ze the- ‘be- l i ve r y  ‘‘I imealt im ‘ s i ne- , is , , ex t  e’ u m d iu,sj ,‘, s - s i r s ’ n’ s s m ’ s i i , - ,,! n s ’
s s s s m r s - ,-s on the re la t i vely  small subset of I lie i s s s t s s m l a t  i s s r s  I nssm wbsrnm thin- lnsdjor ity of m . , ’ h s , ’ u ns i  5 vascular
‘l i-mn- si’s,, would s-m use- , A prOgraili of risk assessutse-nut and risk ii utm-, ye - m I son would :,,‘uve as a l ussss ie - ! i s , ,

exlsansion of prospectmv m- medj ciu ,s’ pninci ti lts ’s to a broader hisi’s,’, suc h as II,,, ls l iY ss  5 ‘m l  exa lt puognam and nm-
evaluatIon of medical st andards f s s r  f l yins’ ; .

2 .  Mu-th sss is

a . Personne l
it u s u :tsussuder cd t b ,a I  the ,r,o,s,t log ical Ins,lIvid,ia l t,, hse- tim,’ base l eve l ! s u s s s t n , i l n s  mania’ ;’ ’ ,

wisuld i n ’ a niurse (probably an, environmnenfal heal I-h msur ’s ,’l s s1sl”~ rted by me-dm ‘ - a! t i-s - i , , ,  m s - i  ,u,ss, ‘ -s ir ru-n t ly
I nsvss lved  I~ 5 lie-n I 5 ,5 1 mc ish ys ical examina tions . Addit i ’ s t s a  11 y , tIn , - i’n imar y ni sis nss,d ii i s - a t  is s u ,  ! ~ ‘“ II am ws ,’ , !  d h, s ’
supported m y  aus ’ - m  I ism ry personne l, suc hu a ,  communsm ly voluniut,’’ ’ ,  s in ,1 ‘s~ i s -  mim I at t  m us s I m ’ n b’S s , , n s s ’  I . I ~so isns , ’ I
from t h e  pr imary  ‘ in’ ’  n s , ’ s i m s ’sml b , ms - i  l i t y  would re ta ins  t im e- in  I r a d m t i s s n s a l  m’s,l, ’s i ,ms ’ ’ n u s s s s ! t , i , s t ,s t s s  I I s n ’  I’’’” ~~~si ll5

mmmn’msp- r w i t ho u t  i m ~mv iu~sJ prinian’y r~ :s1sss,,’sILi l  s t y  in the n is,k rs ’ s l s , s - l  1 5 5 1 5  I’’’” tram , ‘11,,’:,,’ j s i - n : ~’ a , s m - l  w,s,ild
Ins ’ - lusie- I-shy’s s - i  - t ieS , su et iu- ians , social workers , psychologi s t s , etc.

h_s . im,’ i ,,uv ss s u MissI l  fi’ ‘it  mci ,
it i s , ’, ,,sst,i,-red that t h i n -  ‘m aul. “I’!’ I ’ s s i s - b s to r i:,k l a s - I ’ s ,  mi ll I m c m l  15,1,  I h ur s s u ’ j i m  l , u ’ l , , m v m s , m

modi fm ,,n ion would u,mnt ‘nn, h y be- nun_sr-c pr-as -I m c m l  tI’s,mrm ,i s In ,’  — ‘ s S l — s , i s , ’  tyjse- st  a ls }sn ss s ’  I, , I,, ml m l ’ s ’ , w ’ , ’ , l  ‘I
eft ,’s-t Iv,- . l’isms bisis, I n -s n, v,m l udats’d  in time e-Xjser  i s ’  I s ’ s ’  of umumu-rous ‘ln ’ ssi !’ s s 5 inc l s s ’ l u  s n ;  A l c ,shs nh I ,:s Au iI~~m ylls ss s,’~
‘Psi’S , S y nuu un ’ sm s , m u s s  I I ime ns , , I t  i:~ i’u,v i s i s s n s n ’ s I  t isat iui,hivi’ i,m,, !,, would is.’ refer ,,’ ’ !  5 5 , 1 , ,  I l ,s ’  R i ’s k  Ms sd m Ii —

s t  m ’ s , ,  I’ r s s s t r ,mmn -in,’! l,,l lrsw—s sb’ ,‘! !~~
5 sntm ,’ , ,t  5, Inside h_ny t I,, lsrognamul ma msas ; ’ l ns ’ us I  , but ths ’  5 ,,,I m v i ’ l s sa l  ‘ I I

,-rsdea v ’ s , s  w ’ s s s l s l  i s ’ ’ ’ ’ an, m,’sl s , s s l  m y  a,,, m l  lary “‘u’ son ’’! - A ‘ t ’ s ’s ’ l  s ’ x a n s t s l s ’  us tI,, ’,,, 1, 1 , 1 ’ , t 5 5 ~~s ‘ Is,’ ,k Ins’ ; I’ r ’—
‘tr am 5,1 It,,’ An,,’, i an , ( ‘dli, ‘- r Ss ’ m s - t y, whi l s t ,  is a’ - ls i e vinsj tso ts -wo rt ! i y  , i’su lt  s in ‘,, -v ,- ,im h v , s ! s s l , t  a ny  

~‘~~~
“ (I sirs:, ,

‘ l ’ l sm ~se l s r s s s t ram,’m a l l  s ,u ,  comun,uni ty volunteers t s r  t ime lnsa i ,t , ‘ us, m u , , ,’ of the prsm ’ t m amus . A !  5 ,5 , I I s s ’ n , ’  ha’s li.- ’’ ns
‘ ‘onsidereli !’’ s - s i ’ -,’,’ SS w it i ,  s,’l I — t n u s n m i t o n i n s s j  s r m, e l f — s ’ , , n , I  r s s !  t n ’~ ’ ts,m is 1ues I s  t b s s ’  manas;u-me-us l 5 ,1  ‘ sb , ’ : )  I y ,  ty js’ ’  A

l s’rsomn al m y ,  mod s h n i n k i , s s j  h , , ’ isa v is ,m - I t is consu’ls’n .’’l that social _ s s ’I Is , , , ,—, s t  f u s ’ ,’,s, w , s s m l , l  Is’ ’  m I’- ,s l  ‘“ I s—

I rih ui t s, r ,-, l’s  t h u s  Isn’ t ’ ’,.s 5 5 , s ’  c: ‘ ‘m c i i  s ,n ,,’ isa’s Isa ’ I  behavior m o dif i s ’,,t ion t naIninq .

E ’ I s m s :at i ’ s ’ s
A majs sr p m  lIO n ‘ S t  t i s e  prus lrauns I , i r , s t s ~:; spun an, n -n ’ - ’’ l ie- nt , ‘ ‘ hs ms ’at u s s r ,  555, 1 b s ’ s s l . ‘1’) ’ ,’’ Is is ,ut i ’ s , , , , !

una n, ’ r  ja ls w i l l  ij ss’lsssO ’ I-ii ’s’s,— ,,,sj ss i r , ’s h l,,r sj~’u s s ’ r s u l t s s s l s s s l s i t  i s s u s  , ‘ , l sm, ’,,I i s s u ,  to ‘~n ! I at  t , ’ s s l  is, , i  Is,  I I s , -  I s n ssm t n ,mss,
a u s s i  to s ’ s snsv i ’ ’ ,s s ;r- ns - r al  iu s f sn ’nnuat ion I s ,  3 h,road lsolsulat is,,, ,  ‘11,1, ,  !~~s l  l ions ‘‘I II,,- 

~
s n s s s t u s n , s s  ,,h s,s i ,,s: lud,- :,  II,,-

s h n ’ ’,st ’ lojnuuursns t s t  s ss 1s ts i :,t Israted hri,’t iris; material:, for use by time Jsrogram mansas ;er I s ’  n ’ ~m s Is  Its ,’ I”’l’’ slat ms ,i, m l ,
!ser s l snssm l s r e s s s - s s l  ,,t i , s us s . Au,otl,,’r ‘m : i l s , ’ s I st  II,,’ ‘‘ Is , ,- ,, ; lots ‘n ’s ’ t ram i u sv ’ s l v e s  Its, ’ I ‘ ‘ ‘ 1 5 1  , , ‘ sss , ’ , ,t  Is ,  ,‘u,l ,,,n II,,-
s ’ s n s i s ! s ’ I  e ,‘ssssIs, :rat ion end hacking of tb, ’5 USAF’ medic al ,‘so 1ss t s r  1 1s t ’ concs—1,tS ,,f t h i s  t o s  t rans . ‘ l’ ts , , s~ I h e n
a,!s,’s I of the educat l ’ , l , , i !  Lsrsnsmmam involves those materia ls  ,su ’ m ’ , I i ’ s l  i s s n  in, Iuvidu al l5a I  I,:us I  ,‘,i,is at  i s , u i .  It
is ohvjo,ms that insuivids ial s m-, ,t , ’ r , ’s i  Into the Risk M’,dlfi’ ’ sit i,s ns l ’ n s s ’ I na m  w i l l  us ,’ ’’ ’ I :g u ’ s ’ l  I - I s ’  i un t s snm at  i s I s
w i l l s  respn-r’ I to wiua t ris’s-d,-i I s I-s’ s ’hisuis’; s - s i , why it net’s Is, I s ,  Is’’ ‘ ‘Is a m ss ;e~l , end how I ‘5 5 ‘h sa ns ’ t e -  i t - Tim 5 : ~ , I’~
t-ut aunfsl,-’ . would i n , s : l s nde sin s  e- l t,ss’I lye educat is,,, 1s uss ’ J ram on t ime -  rclationshi i1s sit s,s’ ,um l l l ss s l :s I,, b, ’’a,t

dj’s,-asn’ risk , ti,, role at dim .I , s’ x e r s ’ i ’ s u ’ , s s I s ~ ’ - ,i ty ,  u t , - . , irs the consti-m’nl of 1 Ipi~ I’s , s i lssh ‘ ! ‘ ‘~~ Ii’ 5 1 s s ,I r s s ,  -

t io ns in modi fl’’at ior ,  mst t b s s ’  lndmv is lua l ’ s ’ I i s ’ l  any l i f e  s ty le- . It iss ’ - s sis s,l dem, ’si that Il,,-,.,’ s ’ ,ls ,, - s,

ma te r i a l s  simould is,’ ‘ l i - vu - !  ss pn ’ s I  using tim,: sss ’s: ,t  ,mslvs m u,, ’u ’ ,I i m ls l s r s s s ms ’b s , w I, u ‘ ‘I, u u,,-!us’Ie-s ,Is ’  I s ’ n n , , s u s i  us , ; II s~’ ‘s i )’ ’ ’  I iv,- ,
de-velnpmune- rs t s f  n t s s ” n’ s lss s ’ i t  lon m a t e r i als , a,,d s Is ’ t e r mining thus ’ e l i  ‘‘ -I i vn ’ ,ss: ss ‘‘I l b s ,  t s r ’ s ’  I s i s - I  , It i,, , ‘ v s s l , - s , l
I Isa l  this is an n s x t , ’ n s s u v , ’  sin _s, !s ’s pmers t ‘-I t n t  and that  mat,’ria l:, should be s t a n i ’ l sm r shm_s , i’’h t ,sr si.,, t b , n s s s m I bus, ,st
t he t ’ ’ ’ ”  t rans ‘ lbs , ’ , -,, rn sat ,- r la ! s  would h sm ’ s m ! s l s I  ‘ :ais !e f ’ s s ’  t h i s ’  medi a l  fac il  i t i m ’ : ,  l s s ,n:,,’ In,  pat 5 , - I l , , I s s s ,,l I ntl
) s t sss  ;rams throsmglsout t Is,’ Air t u e .

(‘ , l’r’ss~ram Planning arid Managemerut

I. s ip,s r a t i s s u m s  Re-search Model
I t  l’s considered that I-tie most s ’ f h  ,‘, ‘t iv , -  way  Is ,  Islars and ins sill y I bins I a ‘“tram Isa:,,”! 5 ~5 si5 r~ ‘,sn —

i , ’ u m s - m -  wasild is,, ts_s  bar,’’ tb, is lan upon a sophist I - al ‘‘‘1 ape-rat loris n,-sn’ ’ m r s ’b i uwud,’ l . IVis, ’us s ’ s s l l s I s l m ’ t(’sl , I bs i  Is
,nmmsde-l wu’ss j l d  a l ls_sn~ planners 1,0 ‘l ,- t ,- rnnuine Ii,,, im ;sa s - t  s mf using v an iss us  r I:,!, lr-v,s !:, a’s s h m ’ , - i : , l s s , ,  t a c t o ns  m us
sb ,’ I  i’ nuu uius insj w i_s, ’ l is,-n ssn  riot  an individual st s, ,’s u , , t s ,  s m rIsk redsm ,- t  i s s u m  I s n s s ’ l n a n s , ily ‘ ml  m l  izini’1 II,,~ n s s s s h m ’ l  muss ;
apprs sa s :ts , it should I~ ’ possible I s  s,p I irni ze sh,’ ,: is i,,rss Ins I is,’ lslan wi th ‘‘‘ ‘ ‘I ,‘, t n s  van u s , s s : , ‘ ‘ l it ,’ ,  Ia ,
includinssj s:s s - ,t e f fec t l veus ,’ss  , as s s 1 s 1 s ’ s - ,ed I,, maki n’m an, a ~

,, ior~ dtss ’i s i n  on m d i  vi,loaI fa’  I I ’ , - A l  t l s s , s i , j b s
t b ,~- model in’j i s f f s s r t  w i l l  re-gui n’ re - r I- am as -sum ist  ions about data tha t  I,, riot s u m  i ,‘,,t ly ava i luits!,’ , t i s , ’ s s ’
will i5. lbss ’ s sj s ;sssrl ,_ s u s i  ty  to luuujnrove l ist ’s ,-  assumjsl  ir,n,:, w i t h  n-

~~! s ’ - n I u - u s ’ ’ t ’  arid I ’ ,  unssdif y I i , , -  impa~’t ot, t ls n-

program ’ t isrough the ou t lsss t  of the model.

2 . information t yste-m -

I t is evident that in order for I i,,- base- level jirosinam mansa’;’sr is, effectively u t i l i z e -  II,, ’

medical risk data acquired , he must have aval labli’ a usable - and i ’ t t n ’ s - l  lv ,- In sts,rn,at i,,u, system , I I is il’s,,
rm :slslired tbsa l thIs information syni t ,:m l s n s s v i s i m ’  data into time ‘‘u - n it ral opt’n at ions ,“s,,ars ’l, model i n s  s - , s I ~ ’ r
that the program may b se - monitored thrssughout Its duration . This i ,sl,,rnn’at ion s~ys1 em has n’st ys ’ l  l s n , ’ t s

~ s’-ci f led , it may vary f rom a el of fmsrn,s on ti’s an interactive ,s sn s }sssI t n  cornrnunlcat l s s n s . s  I u ’ r m i u s a i
R’- ’ ism rdless ssf Ii,,- exact fart,, , this fsan t of the sr’s’lram Is the key segment as far as ‘ is ,’? a’’ s ’m .p lance Is
s ’ ars s ’ ,- rnsed .

3 . Personnel Training
A s-on,- s- s ir riculurn must ls ,s devel’sj,,-,I . Including t,he cost and r t s s s , , s s  , , ‘ s s s .  neuluu red , l,,r t t a m  ui i tss ~

li st ’ key indlvid,jals as base level program managers. It Is considered I-hat this can 1,5,5,-s t e f f u ’I i v * - l y  In,’

accoemp i Ished in a s:etstra l luscation . This core currIculum must have aval hi ll ,- the needed ,-s ism , ’ a l  m s s r s e l
materials , the t raining sy l l a l s s n s s  on behavior modification and completed ilst ’srnn uat lon system t s r i s r  I~~s

begInning t ra in ing.  



4. l’lan
An Advanced I7e-velrspment Program s I t  ice has b,-,’us s’:,tabli:,hed at the USAF Schoo l s_ s f Aerospace-

M t - s l m s : mne to manage- thu sin’vn’lopment of this program , wisms ’ii will be primarily done on contrac t . The
) s rssst rd f l l  ssffjce will also mon t,or the- test phasi- of s”_s I , t  r a t .

5. Test Program,
It is considi-ned imperative that a trial program ise implemm ’nsted for one year at at least thr,-s-

A i r  F s s r s ’ i’ bases . Time’s,’ bases should be selected on the basis of criteria tha t will maximize the approx~mmat ions to the A i r  Force- in ger,~-r al ; the-r,’fon,,, It is ‘ ssns ’s id e red that an ss js t ’ rat lonal  base st  mrnderats’
size with a small medi s -al f a c i li t y ,  a medium size operational base- with an irstermediate ss i zn -  medi al
f.mcm l i ly, in s] a lar’ti: sI,,-ratIonal base with a l , m n s t m ’  medical ta , ) l ily should Is,- : ,- I s - - I ,-~i i f  pOssi ls ie.  It
worsld also be ‘ Is-si rab le- to hay,’ one of these bases lacate,i in , a rs-la tive -ly Isolated geographic locations ,
‘lbs , purpose of this l ,’ st  phase- would be tss identif y and work out the- lo g i s st i s al  }srohlems in ‘!‘sinq s u b  a
program and not Is, demonstrate or tes t  the validity of the conss’ ,- )st involve’] , This Ie- s st  phase- would
,mllow validation ‘,r modification of the asss uznuptionis made in the 5,1st-rations research model ausd would
provide- the keystone- data for determinations of wime -ther or not tsn implement the- program ‘mrs an Air F’s s n c,--
e l s i e -  basis.

TABLE I. MODEL PREDICT IONS FOR VARIOUS THERAPEUTIC INTERVENTIONS

R I  SF FACTOR REDUCTI ON DE CREASE CASE RATE

SINGLE RI SE FACTORS
4 SRI’ )  140 in 60% 5 .0%

4 SBP 140 in 80% 6.7%

4 CHOL > 220 in 10% 2 . 7 %

I CHOL 220 in’s 20% 5.4%

4 SMOKERS by 10% 2.4%

4 SMOKERS by 20% - 4.8%

4 SMOKERS by 30%

C OMBINED RISK FACTORS
I SBP > 140 in 80%
4 CIOL > 220 in 10% 12.5%
4 SMOKERS by 10%

4 SRI’ > 140 in 80%
4 CHOL 220 in 20% 16.0%
4 SMOKERS by 20%

4 SRI’ - 140 in 80%
4 CHOL > 220 in 20% 18.6%
4 SMOKERS by 30%

Abbreviations: SRI’ = systolic blood pressure-; CHOL = cholesterol.
Model assumes AIr Force population has same distribution of risk
factors as Fnamingham population. Percentage reductions in risk
factors indicate that at and above the threshold value , each risk
level was reduced by the stated percent and those individuals
affected were propor t ionate ly  redistributed in the population
below threshold value .
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1 , ‘1,-I  ‘ - I  - s Im S I ’ i u , s m u s i  ‘ . 1 ~,it 5 ,1, (‘ss ss j s ’ n . s s m /s-  I ish’/ CI’ ,’ ’ ! -  ‘ I s  Sr i ih ’J1 ss ’ n  5 s’r ,stvt- I s ’ j s - s s t ’ s _  1,1 fe-s t ‘ 1  5 5 ’  s t  Is , , 5~~5

irss s n I , , s l s s ’ /  s , ,  ~~~~~ ~ lu-r,’s i’ , , ,_  m l , u ’ , - s s _ s l ’, — , S I ,  si t 1 , 5 , 15 ‘, s I I b ,  ‘ ; i , , c t s s l j ’ -  I shss r s , I  - i s - c  - ‘ s r . -  a ’ / n ’ m a ’ ~ i s s ’ ; ‘ Is , t l s n s s ’ i 9 i s

11 4 utuit sll s t . I — M I -  - ‘ / 1  - _ s ! , (is - . I , l ’ n7(m , 1 2 4  s I I i  -

s -c’,,,,, I z , - I _ s . ,  I _s - b , ,  t .’’s’ ’/, N , Ma is i ss , i  _s ins 9 ’ ,si ’ ‘ 5 ’  s’s S u s  ‘s,t,s,k i rs s~~ s s,ss.,I is_s , rs, ,’ Ih,s ,sl ’ , , I,,:, i s mi ,! mc II ,- ,,) u s ,
‘ 1 ’ , !  , ‘ ‘ i , i , , , I: , l ’ s ’  ‘ s , I l’ s .’— 1 :4 ’s .

n m:,,, , , I _ _ I s , ‘ I ’ i m m ’ , u ) ’ s ’ ’ s t s ’ ’ m m p ! i ’  - m l  s , , : ,,1 II,,’ lJu , i s s - s r  A m r l m n s ’ ’ ,-, I 5sf / ,  !- r ’ - ’,’’,, te ,’i m s 4 ’ , ’ t ,

‘ ‘ i -r I i b i s - Ms - s - S i n s t sf  I ’ s - r ’ s ’ s l s s n ’ , M m ’ s h m s s i !  A:,:,,,, s it  i ’su , , H Ma’/ 191 4, W - s s lmis, ’ ;t ’ s s , Is .’

s I  s

‘ s ’ s  :, ‘ ‘Is ’s had ,, ‘ _ s , ’ r  / ;s :s~ n n-’s’s,’,s- as,sl ugeful prasjr arts . I ~~~~~~~~ howe _ s e t , It  i t  is ts- ,a_ s,l,le . he-I ’S

:is l ls ) o:,s ’ ’/ rss sr s : , r ,s ls ’ l  sIr ‘ ‘I s 1,5’ 5- ’s-l~~ t I ly must ne- I- / r h  s, l s e - r a t l s ’sussi l ‘,s,,, J ‘,s’s i  s_s s ,f t h e -  sI,, I ‘s . ‘ ,n ,s

5’ s _s ) ’ ! ’  si r, n ” ; ’ m s n l  1 5 ,1, w h i c h  is  ca~ s al, Iss ‘s f  es t  irssatins 1 the r i s k  s_s f  a ’ ’sirdio’iascul,,n so’s ,’  2 5 1 ’ - , , ’ ir s

tm ’ s  ‘ - s ’ ’ , r s - . Au I , el ’ s 51 1, 1 , 5 ,_ is : 1)12:5 ~ os IeL I:; exact. I ’ m O s l o , , . -  t b , , m t s - - , s _ s s ,  wt’sn ,-n ‘ ,r,e- b,.us

s i ’ ’ , , ,  :s s ,’ I ,- !  , ‘ s n ’ ’  ws s ’i!d 1,’- .‘s!.I e- i s , ~ h~~riqe the- r i sk  t act s sr a f t  s ’ r w - s r s h s , - I s ’ S  ‘ s s al’’, si r, s-i sis ,;,l

5 5’ s - I s - it -  II, ,’ tr,,,de l ‘,I ‘ste’s I I,r,’ie sb ’ , ha’,e ‘.11 mg ’s, 155 ’ s 5 5 _ s  chol,-’s,t,’rol l Is a ,  .m u,s ,t 1,s-r WSs ’ S l s l  5 ’)’’

5 5 5 5  r -s P of , u ’ ,mr ’ i s ,-I ,s ’,s ’,i! si, is’- c i s ls , s , t  within tI, - nex t 19 ‘/ s., 5 r ’ , , ‘I ’b , , ’s  ‘Is ,,’:, 5 , ’,?. ‘ ‘5 ’’,,, s s i  ly

‘‘‘ ‘ ‘ms. I r s - s t  i f  ‘/ sss~ r s ’ s ) ’ ,’ ’ ’  5 9,- cho less s’rol b ’ ~ 50 ms;t ., you w s s -_s l ’ I  en f ’ ’  5 i ‘/ssly r e )  s m ’ s ’  t !s s ’  r i’ ,f l~’~
lOt - ‘I I , , -  s i.’ I ‘,(,s,ui ’l a I:,, , .— i-!y “sr, lrsn’ji tuslinal d,~

t ,, - tl’sw I i s , ut 5 ,_sf ,-:, ,_s,Si ,s ’’ s~~,, , ii’ ‘/5 5 5 ,

‘hi us k ‘ / s ss_s  : , ) s s s s _ s l ’ h  s i u r l  w i l l ,  :ss;cbs a hus;e- rsror;rauns?

i - m r s - s o t  s - s Is ’ ’ w” u ’,’’ ‘‘us ’ .si ’;!s s- / I s l e - u s ’s, I os lsi’,’ I~ , sa y f . ,. :i’ irs ’s t Iss u t r rsod i f i ’ - , u s  l ’ s,, of ri:,k ‘ ,r i r , ’Ii v l s I - sal n i - ,s
f u s s ’ s - , , w i l l  u’,” ;ss ll’ lr, ‘s ‘ l s oc r s ’ ,’sse in cssortal~~ty and morbisi . s t y l . s l s  f r ’ _ s s s ,  s s s r s ss s s n r ’ j  ‘ i i’ ,s , - - , o e -~~
‘I’) s a u, ’,w m ’ r  Is , t b , , m I  Is s s s ,, we ‘Iso riot’s l,a’ie s u f f j s - i s - n t  s - / ide,,’ ’- 5 , , i_sn ‘,,‘ s t a i r ,  s f  t h a t . ‘Ii , , - ’
- u s e -  ‘ - ‘ s ’ ,’ har t s l i t s ¶ s i t  I 5 I’ m ,!’ is suf fi’- i” r , t  to allow us I,, maks’ i sis” ’ m s i ’ _ s , s ,  - i s a  as- ‘ us ,

wai l l(i ‘/s’ar’ , 5, 5- i 1 ‘‘sr ,5,,r.s ,5,s, re, 11 y demonstrates that a ‘Is’’ ‘r c’ s ’ s , ’  ‘,‘ c ’ m ns ,,s, su I ),s n, a,’ ‘ ,,s, s

i;s a )~n s,’;r’ss: - or we ‘‘ us, I nks, the siata available today , sun, ’ ) irs’s!,,’ - m: ,  i r,l ‘ - l i i  ‘~
s ’s , t n i”’ ,~~l s_ sr a’ ,

we sirs- .m b l s ’  m o b  ‘ ; ss  ahead and iml,leutui’s nt a )srosj rants , I thi:,k II,,’ ‘1,,?,, ,,hs ,il c iga rs - I  t s ’ ,stss_sk I ss ’ ;
m ’ s b, ,s s’l ~‘,s ’s’s’ l, I s, ursa!,,” s’s ‘ ;ss r ,d  clear ‘Is” s”s’ I :,is ,r, arm . Irsdjvi’lss,,i’, ’ah’ , 1,,m / s I~s : s ’ n s s s ’ ; s ’m u’ s ’ t t s -  ‘ ,s ss s , k s - a,

sirs ’1 s t~ stsjss :d , revert  issu e- k to a ,,rsn:sn,,’skr’ r mort al it-j within l i / s -  ,rs. I th ink II- ,,- sla t , ,  s ,,

I s-r ,s i 5,,s is s - n , ’” “ira’;) ri;. I frankl y think that the trials th~~l, have bs s’e Is _ horse , I s !,’ S O s ’

‘IA C ’ s ’ s [ s . ’ i s m  l i V e  sls_s,l’,s in, tb,e Ii,,) t s : ’ i  l a te ’ s , Is a-_se lss’ :s,r, a ‘r.i t mis is- as’ling in t h , , u t  l b, s - ’/ wa il s:d

1 ;l , s ’ r s ’ ’,ou:: wel l e,’sI  at ,l lshsssl diSease 15s:fore a t t s ’ s s s j s t  1u, ’~ I s , S i ’,’ if  utsodi Ii’ at  i ’ sr, ‘ 1  riak
b ,, ¶ ‘ ,n’ , w i ll lnf ls ss ’s- r , ’ s rssss rta l it ’ ,  an,l morbiuiit’, . f i s ’ v E s z t h in ’j , e - s~~ , S b,’ s’i,, l,, 55 s I  i l l  ,-s ,s ’ -s ,rs , ’ s i ’ s’i ,

l W , I s - I  ‘ :i ‘ - u’ , jo:st I “,r t bss’- moment , there is esse,s t isu l I’,’ n’s ‘3.,?,, I s a t  sa ys s ’ s l s i ’  I I s_sn
_
s

,s , l s ’’~ t ~ ,,I w i l l  ys -~i’i!t in a r, -s ls ic tion ol mor ta l i t y  and ss ,’ ,sL isllt ’1 . 1-, ! t h in ’ ’s r - : ’ j  1,- ,,:,’ t ! , , s I  5 ,

- 5 , 5 , 1 to’,,- n ’s )  a I - bs,_s t , I think we all feel t hat - rwsd i f  i s -a l  , s_s n , s ,f ‘ b s ’~! , - : s t s ’ n  ol w i l l  i n, 1 a’  I 5 5 - ’ .S’i  i t

I,, a slt ’ ’ ’ r ’ - s : s s ’  in  I Is” ,ns’I - ss , s l ,: ‘ is ’: rs t r i t ’ -  utometime ‘lawn ri l ’ s, s - ’ s is : s , II s ,’ , ’s’s ’s I- s_s me 5 1 , 5  1 y, s s s

s l, irt  at  ‘s ‘I’’ 5’/ ’ / s , s l t s ’ ~sfl, W il t s ls i lr , r’ /°nit Ion in s’;l,s,l s s ’ s t s -  r s s l  , y’s s  Ire much n .e-ru’ l m k m ’ l y  s o

n ’ ” I ’  ~s’, I bis- I r i,’ ri :,k than if ‘, ‘ si wai l, Uniti 1 th Is tsar, 1:, 45 and b , s -  has i, ,mss a high ‘ h,,I,. ,t c r 1

l’ s 1’, or ili ’,s s ’ , s r ’ -, . I-sw , i f  ‘,ss’ss i I ,,I ’e- thn-se three ri’s,! ’ t a c t  or,; a s s - I p 1 5 m b If ,,.,’, , r , I s s I ) , , .

‘‘~ i n ’ ’ t  a h is- ye- ,,, l l u ,u - ,sr wash s i t  ss ,ir’a’s so tha t -/ou do rssst I ui ’’ 1,, ’,’ ne - I ms’s_ s’s:, 5 s m i , sp’ m ’ s ,  ‘ - ‘s ’ s .

r ut , ’ , ys,,, w i 11 I In,’! th at wi tbs in s’-omfs l s :tely reasona}’,l s: I ,mI ~~ ’5 s_ s t  cfsans;s: of risk fa’ I s_s r :, t in
‘ ,S!,s’, ws ,r’l’, , rm ’ sl , I,’I I sacs s, f ri ,!, f,,, ’st”sr,’s that I,~~’,’, he-sos .‘ss o,’s ,ns s ! ,l i,si,esl h’j - s t I r s ) ,  you w i l l
a r., t cs,,,t sa’II,,’ls, Ir ’ss s, Il,,’, j5r0’jraJlt . 5’,, my answer is 1 . 1  i v’’ i t ’s ‘s~ r t  ( w I , ,  1’’ imrsl ‘ I s ’ s ’  s t I I s ’4
r i s e-, ns,,,. W~’ , m t e -  ,,‘,t It s s s l s ’ u t s m s r , t irs’; t ) , s  s across ‘hiss whole A ,r s n s ,  l’ s b e - s t I I ,  W ,  Iii . if n i -  we-no-
t , , is ’ S II,,, t we S r ,s i !’ l  r, ’sl sir_s Ib,i,’i Its thrs Al n F”,r’’se ‘ss,t ,t i n’;, s ,s i t  we- w,,rc,- r - , f i n d  I :,,, s ‘I ss ils ’;

w b , , m t  we u , , ’  ‘ I s , ,  ,,‘; l ’ s ’s n,’ ’ re-so] s in ‘ s i ’ j u , i f I ’ s u s . t, risk tact ’ ,, s ’ sl si ’ t ion, I b s s ’ s s  we i s . , -,,- ., o s 1,1

wi s e r ’ - ’ w ,’ sss, ns s l , ’ s - i , t n ’  nm,l Is , inti;sl imment It across I-h,,- also 10 1,, r I-s r’:,

M’ s, ’ - ,’ ‘ I /S- r im ! sjss’ smk.’ I’’s, I , s l u ’/ i n c lu d i ng  yoImrsei f , me-s t Iou’Ied with , a nsst i s s ’ ,u b l s ’ 1 m ’ F s , f  a s S  Isusn i sn’ s” .

Si sat ~sbs’ ~ :,i ’ .~ I S’ Xl ’ I e- i ’ i t  u s  ,m t ,’u s’str_ sn in reducin’; ,s,ursi i, ,s’s risk. I wss s s sl s ’I if yosm s’s’,s_s! sh - ‘i’,

~n,m.sI,I,i m g  ,,b,s ,, I t he s i I  I rs’s ,,f 19 ,_s  ev idence fs,r that,

l , , , us r , u ’ , I , ’r  , I w s s ’ m l ’ l  mn,nii f y ‘/ ‘ s ’ s r s t  a t s ’ ss ,s : , , I ,il s ’s, i l  what ha’s be-ens said. I l!,s~~
,k is,, ,’,I s ,f what I,,-,,, Is,’.— us -,ai ‘I

that I s- r n- Is, ,ss, ’;s,ss ’l solid ,rvidonce that sederstary si - I  m vi ty is i r ,  f. ,  5 .m O S  ( nm f i s - a r s l  r i s k

1 m ’  l5 sY , si’, ’ b  Its,’ opposltu- ‘of tha t is ,“x e - r c i s e  s” r s s i l s l  not he “x l’s”  i’d l’ s ned’,’,’’ rIsk sl’;s ,l f i

cant l y.  5/  own ] 5 5 ’ r s 5 5 15.i ! Is’s ,, I ing is that s,xen s;lse is an m’s ’ ’ .-! 1 s t  ad jurs s t I s s  I s s I  sul I ’t ’Y”  1 5 a l
s’ssu ,’iit I’,r sjus ’t - D am,-’,’’ n , I I ’- lin e-is ’ I b ,s’-re are t :su more i s :s l - ’ s r t a n t  thin gs ins whis:h am:

t i’’’, I oar  t im’- , l i ke -  ‘;m-I I 1 m m ;  lneOr~1e- ~~~ utI-,op sutsrnkinss; r , is 1a , (s l  I,’ ’,, ‘ ‘ ‘ s e- I n s s l  I in’; t t s , : i r  i~’/ lsS ’ n ’
1 ,-us ’s m ssns and ns’ ,’Ii f y ln’t 59 ,- i r dI,-,t , r,tsI iser  than to w or r’/ i ri; ab,sut I i’im-i r n-xerc i sts - I do Fuel me-ve-

il ‘ - , a ’ t s sss sb ad ) s i n s ’ I ts ,  w n’ I ’ ; I’it s’s- sons r’s ! arid perhaps in ht ’llsin’ ; a l l e v i al  - : 5 , , ’ ’,-, - I’ m enti ,u’si—
n , ? Ic ,sb,ssit It  i’s si ‘ ;“ r se ra l  rec,,rsvsv”r,’iat ir_sr , ; sit , it ’ s really way down mu , my 1 I:i I s s l  II  5 s ,r i t  I iS

an i ns ?  u- n’ ,en ,I i ’s rs tecl’,njs;ue.



s -is ,

THE S I G N I F I C A N CE OF R H Y T H M  D I S T U F I BANCE S I N  A S YM P T O M A T L C  P E R S O N S

A r m i n  D i e t z , Dr. med ., P r i v .  Doz.
Josef salter , Dr. med ., Priv . Dsoz.

Medizlnlsche Po] ik l ini i k  der  U n i v e rs i t ä t
D l r e k to r : P r s ’s t .  Dr. H. F’ranke
Klinik’;tral3e 8
D—870() Wurzburg
Federal Republic of Germany

SUMMARY: Nearly all rhythm disturbances can be found in persons without clinically
sigr 5i fica nt h e a r t  di - ’sea~ e. New ECG method s and epidemiologic studies help to clari-
fy their progno”is. The,, results of such investigations a r e  of s p e c i a l  i m po r t a n c e  to
aviation medicine , because a r r h y t h m i as  can cause sudden incapacitation. This paper
s’snly deals with thoce ’a r r h y thmia s occurring in a well controlled asymptomatic po pu—
ation such a,, fl yir,g personnel. It bates on the literature as well as on the re-

sult s of lore-I-term ECG recordings on p ilot s and outpatient s. The immediate hemodyna—
si c consequences of these f,s~ , alterations arid possible prognosti c implications for
t “ i r s s , iderit, e- o f  -,udderi dangerous arrhythmias shall be discussed .

The ‘_si_s cervation of younger and middle—aged persons in n o r m al physical condition with—
out heart dj- ,e-ssoe by means of new £CG registration methods has shown an astonishing
number  and v a r i e t y  of rh ythm disturbances. Nearl y all clinica l recognizable arrhyth—
mias - s t e reported (16).In this connection the question is of great significance weth-
‘-r tue -tm F.CG anomalies have to be classified in same instances as premonitoring pheno—
“sn- r id ‘,f o s_ s i_ s equent heart d isease .

In , fly ing fitness examir sati ’snr, the arrhy thmia s are the most frequent ECG findings ex—
e~,i’ f’sr the ST—alter .st~~’sns . becau re ‘of the spec i f ic  s t r es s ,  s i tuat ions of the pilot

~‘j rl ’je me-nt of rhythm dj- ,t’ mrb ans e- . has to be considered from a different point of view
t r , sini in the average population. A ope s- lal question is posed when such dysrh ythmia s
5 ,t I i  e x a s e r bd t e  to dangerou s s,rsr- s res pec t i ve l y if hemodynamic sequelae have to  he feared
e’  pes i a l ly  i n, extreme flight situations. In this respect it will be interesting to de—
li n e - a t e  poss ible  alter,,I is-or, :, s , f  isem’ i’Iynamics and cri teria that may ind icate an acute
w s _ s r ’ e r . i n, s J of ‘ t i e - s e  E’!~i fir, ’li n,’l ’ under abnorma l conditions or a later coming heart di-
sease .

ha’e -’ l on fir s slin’I s ,snd ev , ’slsi ,it j s ,ns - in the literature results of ambulant 8—hour ECG re—
car’iing’ ‘o r, 108 asymptom atls ’ member ’s of the fl ying personne l oi the GAP and of ambu-
lant 24-hour ECG recordings “sri 550 outpatients of the Medical Policlinic of the Uni-
versity of m-.urzt~urg with semi—automatic and computer based analysis are discussed.

Incid ’or,ce of dysrhythmias In seemingly a1th~y_ people : Dysrh ythmia :. in the routine - ECG
i r s  lar’Ier r , ’,ni- -ele cte rl groups are relatively rare , the reports differ between 2 ,5 arid
8 % (1, 8 , l4).ln long-te rm E’~G observat ions , however , up to 92 ,3 % of all examined had
-.uch f indings at a given time (6 , 19 , 26,1 .

Premature beats: This is especiall y applicable in case of e x t r a s ys t o l y,  far the most
commons arrh y th~Ta. ae found it in 2,5 % of the routine ECG s of the f l ying personnel of
the GAP ( 13 ) .  AV ER ,ILL reported 1,1 % in the USAF ( 1) , BLACKOURN 5 % of a male group ”U.
In  l on g - t e r m  ECG studies the percentages are much higher , name l y 31 — 76 S in regard
to supraventrlcular premature contractions (SVPCs- ), 29 — 62 ,2 S ventricular premature
s ’ ,r i t r d c t j s , r m ~. (V P C s ) , even 8 — 33 ,2 5 mult i focal  VPCs (14 , ‘19 , 2 6 ) .
‘ l i n i s a l l y health y persons seem to show premature be uts in the same frequency like tho—
- ‘e w i t h  card iovascu la r  diseases (22). All foci may o occur within the hearts of asymp—
tomatic people ( 16) .  Even the ex is tence of two or it, . foci is of less importance than
their common activit y (14). We found a coexistence of ‘VPCs and VPC5 in pilots (16 ,3 5),
a l s o  singular multifoca l VPCs (10 5), even though ress,rlcted to long—term ECG obser-
vations ( 1 3 ) .  A comparison of the distribution of the d i f ferent  types between p i lots
arsd outpatients show that the unifocal VPC5 prevail In healthy people , the multifoca l
in, pat ients like the - SVPCs and the combination of SVPCS and VPCs in this group w i t h  a
higher average age . Their pure existence Is therefore- less Important than their noted
frequency.

a.) ~VP Cs :  The SVPC’ ; have no reported Inf luence on l I fe -expec tancy  (2 1 ) .  Because of their
more f r e q u e r s t  o x i e - t e n c e -  in advanced  age they have been attributed to the senile myo-
cardial degenerat ion. A lso in younger people their high occurrence and especially a
sho r t  coupling Interva l show the possible release of supraventr icular tachycardlas .
Nearly a l l  of th es e - arrh ythmias (84 5 of all supraventricular paroxysma l t achycard ias ,
I-il S of all paroxy- mal atrial fibrillation ) in our patients were tr iggered by SVPCS
w i t h  short  coup ling. There fo re  the cr i ter ia which require a more-accurate diagnostic
work-up in asy m p to m at ic  persons w i t h  SVPCs are a f requent  occurrence and a short coup-
li r i ’3.
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b.! V P :s: The same applies to VPCs . Because of their coincidence wi th higher—grade
ventr i cular dys rh ythmlas more attentio n is paid to them. The re sults of epidemiolog Ic
studies , of long-term ECG observations , particularly in Intens ive care units ‘show the
importance of the following criteria:

1.) Frequency of occurrence
2 .)  Multifocal origin
I. ) Pairs or runs
4.) X-on—T phenomenon

Susme studies demonstrate the relat ionship between these signs and sudden death on coro-
n a ry heart disease (CHO ) (4, 7). We have observed a P —on-T phenomenon also in health y
r;Prsons without release or coexistence of ventricular tachycardias.  We believe that
‘out-h a mechanism doesn~ t play an ad verse role in an unaltered myocard ium. Never the less
a prerlit -t ion is not possible how such short ly coupled premature beats behave under ex-
treme circumstances in flight—situations , p . g. hypoxia , hyperventilation , intrathora—
c i c  high pressure , g—acceleration.
Theoretically the PVC then could fall into the vulnerable phase of the antecendent nor-
mal beat because of Q—T lengthening and thus relean-,e a dangerous ventricu lar arrh ythmia.
Exercise—dependent increasing PVC’s are l ikewise not rare in healthy persons and usual—
1’,’ without consequences (14 , 20 , 21). In CHU—patients w i th  this kind of arrhythmia , how-
ever , a higher mortality i’s described (fl).
I n randomized studies VPCs per se indicate a higher mortalit y than SVPCs or absence of
premature contra r-tions. Time possible reason is the inclusion of coronary patients in
these groups. RODSTE1N describes significantly that there is no increased mor ta l i t y
w ith subjects who have PVCs without heart disease. On the other hand he found a marked-
l y higher mortality in people with demonstrable cardiovascular illness (~~1). The nor -
m al , at leas t  not ischemic myncardium i’5 probably less vulnerable to re—entry  mechanism:,
ansi focal irritability.
A l’ - o the hemodynamic consequences of premature beats are neglegible in healthy i n d i v i -
d u a l s , part icularly in absent-c of coronary and cerebral sclerosis. COFIDAY figures in
his anima l experiment s that the reduction of internal carotid blood flow in frequent
:;vpcs amounts to 7 ~~, in  frequent VPC e- to 1? 5. The coronary blood flow was dimmished
by 5 5 in SVPCs , by 1? 5 in VPCs (9 , 10).

The necessi ty  for cautious individual approach should be emphasized in respect to fre-
quent , short coupled PV C’s, when dealing with healthy pilots. The reason is the hypo-
thetical , yet unproven danger of triggering arrhythmias of higher grade. In these ca-
ses and in individuals with subjective complaints the use of beta—block i ng agents could
be considered even in a fl ying population. We found a SO 5—reduction of these arrhyth-
mias under application of these drugs without essential side e f f e c t s  ( 1 5) .

Tachycardlas: As formerly -m aid the occurrence of paroxysma l tachycard ias Is often as-
sociated with premature beats.

a.) Supra v entricu lor paroxysma l tach yc ardia s (SVPT ): Two thirds of these arrhythm ias
a f f l i c t  otherwise healthy men. Susceptible are mainly peop le wi th  frequent SVPC5 , WPW—
and LGL—syndrome. The latter ECG-anoma l y i’m a variant of the W PW—syndrome wi th short
P— ~ intervaland narrow (IRS—complexes.
Hemodynamic e f f e c t s  of these tachycardias are alread y signif icant in healthy h e a r t s :
The cardiac out,put decreases rate—dependent by 35 — 70 5, the average coronary flow by
(5 5, the cerebral f low by 14 5 (9 , tO). Disturbing are also the subjective complaints

‘uf  palpitations, fear and d izz iness.

b.)  Paroxysma l atr ial  fibrillation (PAFI :  The PAP is found re lat ively often in elder
persons. it has been described a lso in younger asympt o mat ic individuals , even in p i lots
who returned to full flying status ( 5 , ii, !, even so in an astronaut ( 2 ) .
Premonitoring phenomena are like in SVPT frequent short coupled SVPCs and pre—exci ta—
t io rm syndromes. The arrhythmia decreases the coronary f low by 30 5, the cerebral by 23 S
dependent on ventricular rate and duration (9, 10). The affected person feels discom-
fort by the fast irregular heart rate , moreover the conversion from fibrillation to
sinus-rhythm results not uncommonl y in a larger asysto le causing dizziness.
Besides the hemodynamic sequelae and subjective complaints with these arrh yt hmi as a l so
the clinical experience of’s insufficient response to drugs endangers the flying fitness.
Moreover a therapeutic success is difficult to estimate because of their occasional ,
“paroxysmal ’ occurrence .

c.) Paroxysmal ventricular tach ycardias (PVT) : Though we have found like other authors
(18) PVT also in asymptomatic people these individua ls are jeopardized without detectab-
le heart disease . These disturbances cause the most distinct decrease of cerebral blood
flow with 40 — 75 5, of coronary flow with 52 5 (9 , 10). The possible change to ventricu-
lar flutter and fibrillation is even more fearsome . Interestingly in our series of out-
patients PVTs were never triggered by R-on-T phenomenon but appeared without any harbin-
ger.

Bradycardi as: In cardioloqically healthy persons bradycard ias don ’t occur whi ch alone re-
duc e the cardiac output significantly. But due to certain reflex mechanisms the barore—
ceptors cause occasionall y a drop of blood pressure and a bradycardia leading to fain-
ting in predisposed persons , especially in young asthenic males. These men show often
under vagal influence P—wave alteration s , flattening or inversion without P—R shortening
wi th decreasing heart rate (14). We found these rhythm disturbances like the A-V dissozia-
t i on , a wandering pacemaker and the junctional rhy t hm in t he postpressor period of Val sa l-
va—m aneuver , during ca rotid anti bulbus pressure , dur ing squatting position likew ise du-
ring rest and sleep.
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Obviously persons with such variations of the resting £CG tend to faint with bradycar-
dias. These symptoms can be triggered by mechanisms which can play a role also in high
performance aircrafts. So cases of bradycardic syncope are described during high pres-
sure breathing or testing of high pressure suits (24, 25t . DERMK SIAN found brad ycardias
in 68 S of experimentally induced syricopes , 58 S of them by Valsalva-maneuver in erect
position (1’)~. FRANKE pointed out that a hyperactive car~~~id sinus in his group of 1500
individuals of all ages doesn ’t play a role before the S decade and warned to associ-
ate necessarily a positive response with cause of syncopes (17).
Also the first degree A—V block frequently found in healthy men (0 ,5 S of the flying per-
‘sonnel of the GAF , 10 5 of our long—term ECG tracings in this group ) has no prognostic
impl ication . The same applies to the occasiona l occurreri e of Wenckebach phenomena du-
ring rest and sleep. These blocking types are expressions of an overshooting vagal in-
fluence on the conducting system similar to the occasiona l short—termed S—A blocks.
In doubtful cases the atrioventricular conduction should be checked with intracardiac
ECG registration method s under electrical or pharmacologic stimulation .
In this discussion it was felt not to elaborate on ectopic tachycardias or pathologic
bradycardias which occur in the ”sick sinus syndrome” , the “prolapsed mitral leaflet
syndrome ’s and the “bifascicular blocks ”. These dysrhythmias concern almost exclusively
advanced ages and altered hearts.

Finally it should again be emphasized that especially in aviation medicine the appre-
ciation of rhythm disturbances as possible normal variations without clinical signifi-
cance ha’s to be a diagnosis by exclusion . All diagnostic method s including invasive tech-
niques like His—ECG registration and coronary angiography should be applied . Of great
Importance in our experience is therefore the principle of long—term ECG registration
in these subjects , if possible also during flight ; additionally continuous follow up
examinations are suggested . A therapeutic approach with beta-blocking agents , particular-
ly In special types of arrhythmias , may be sensible and is probably worth considering
In the future .
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bISCUSSION

Trmu ’ltwaas er: You clearly illustrated rhythm disturbances In apparentl y healthy people that s~~t t  ‘slmtl a r to
what ys~s m au-c in a pat lent populumt ion havinq organic heart s i m st- usc . 5 f l ~u- p rs ~l - l u - rs we ft u- i t  so’,-
in young hu- -llthy people who have frequent ventricular prema tuu-u- beats is m,si tral valvu-
prolapse , but you return aircrewmembers to flying duties who have vu-m t r icul,u r Isret,at ur,-
heats and mitral valve prolapse?

Nut , I wouldn ’ t .  A v la t st r , ,  having mitral prolapse without rhythm sr gross c ’ t n t r a m ’ s t  i i i  ty
r ij s t s m r issm ns; ,’ ’s ( s t s S i s a l s l y  s-arm fly. H u t  , with these d ) s t s t r b u . r t s u- s ,  no . I have si n s s.u u s ’/ Js’-rsn,ms
wi th  mitral prolapse without rhythm disturbances.

Tm ie bwasr -tu- r t- r,,m a f lying s a l t - t s /  Standpoint , iu~~ many vf ,rutr icular pre tnatsmru- ta -ut s are t s,o marty 1 s t ,  a
,,,t i,-,st w i t h  nul tral valve prm -u l~ipse? For examnj le , wr,uld you ground somersnu’ whs, l t . s s i t u - s I, as s

‘‘I r;ht i uu , sm r re’-r rs (iruqm’

l o u - t z s  f s -art n u t  say how many v u , r t t r i - u l a r  premature beats are dangerous . I t  there ar t, s s : t l y  occa-
sional venti-tu--s ular premature heats and nothing else , you c s su l ’ i  ru -t urn the pilot  lt ,us - k
f ly ing s is it  it — s - l~u •r1ma Iss stume math s - i t  ions such as the b et a— b Is t i s  limo a mj f - r t t  s would is s m s r - f u m l
th,-,,- w ere no Sis k  ,-Hectst .

In the coronary heart sliseas,s patient there is a figure of on,, i’s fit’- 1st- its u-i minut e as
being 1 t u t t , - u u t  ial ly daruqerusuma uit~d related to ven t ricular flbr i 1 lus t ion -

‘Frieluwassey In the absence ,t an ajunrtrma) retuolarization response , what do ’,’ss~ s i ss with a yos utu s~ -1 1 s t  who
has t}mr m’ ,- ’ s,uu ’ ;es ut j ’iu’ ‘lent m- icu tar premature beats at peak ,-x t - r  ci S c ?

Pu u-t z, I would observe ssms ’sh a pu- I- norm over a period rsl one ‘ur two f l t r sms t  Psi - l u-r ima l t s It’- Imasi myocarulit is
ssr attsst lt er heart ‘ - ‘s t us i i  tion. If he remains healthy and has m u s t  hi tu s~ s s t  im ’ -r than verut r icu lur
(sr i -SSt s I r ,-  l ,t -at  ,m ‘luring u- xu - r u ’ s i s t e, I see no risk to return hits to flyi ‘1 slut l e s t .  You ‘0’~ ’ Si ss
tnarmy y ss s ur t ’t jsu’, ,j Irs wi r im  ventricular premature beats urm dt- r m -x,-r s - isi u- - I i sis ’ t s, t u mmy
mpli s~ ur I ’ s f s .

I ’m I 7.- l l t t i s o r u :  I t h i n k  we are a l l  j ulaquami by these patients who have cardi -u s - a r r imythmias . Jim th tssie whm lu

- u i ’  o hu v im t s ms t  ly pu-rn ist ing and are not transient or evanescent , it is s s su r  j~~ l m m y  wi t i m Pu~t.h
Sui J~ruu sJt-n t ricular and ventricular arrhythmias not only to do m u m s u s  invas,ive studies including

r ’s ’ es 1st rest like cci u’tm a rd l us t r-aphy , isO t a) so to do I nvas Iv’s prsss~~-m luu yes i i t s  - I s u s i m  mu ’ t hu em~~iyt u anti m~
s u s i i u - ’ s~~. We have found supine leq exercise preferable irs supraventricular pacing. I wsatier

what your exjue r iens-r ~ Is wi th the muse of hemodynaurs i c studies u t  t iuu - s t u-  cases ? For ,ss t  ar t s ,- ,
how many u-s f yrsm ur patlenmts who have not had ventricular premnatum-t- beats bef’ir,- , ansi wi t s now
sl, sw-lop them turn sss it  t m~ have a hemodynamic- response to -i  t i te r  supine l u - s j  clo t c isc ‘ur 5u j s i  a-

‘iu-ntr ir:ular paring which enables yotu to suspect a diaqnosis ss f a sardion ~’ojuathy?

FJ i,-t .z: We haveiu • t ufor me henodyn5snic studies with str ial  stimulatu ott in t l t ,- , Iu’  l5su t J  u~ !tt  S.  I sissiu ’

beli eve a (sa l ient with a tr mal  i r r i tabi l i ty  is in danger. A more lmpmurtant. g u e s t m ’ s r s  is what
is t i t t - ’ : ss r tmu u-s - t  ion between coronary heart ‘ilsease and arrhythmlas? Wu- have stud i ,-s l s,-ve,,s l
if  times, ls~~ru l t l e wi th coronary arterioqraphy and didn ’t find a s s sr st , t-s t lusts ist - t W et -I s -oronary
artery disease and all rhythm disturbances. tsr  examp le , in s I n a i  li bri ll atis si t , 11)5. s t  tiu,-

patients had slqnificant coronary stenosis and 70% had no stt~~’~ t sssi j S , s t y  ‘t I bet  forms of hea r t
di- ,,as;,- . Iii ti me s-aso- of patients having ventricular prematur ,- 40% had sigru i ficant . coronary
st , ‘russsil s and 60% had no evidence for coronary disease . What I airs saying is that wim - it s j r ’ s s -m s
rhythm dist uuranctss u-x is t . you should perform coronary arterioqraphy iss t t  you o f t u - m s  l it  no
further information by this invasive method.

Fitzqihhon: This has it~ ’t ’t t  precise ly our experience. I agree that supraventrm r-ular rhythm disturbance s
u-u’ them,stelves are nstt dangerous in th~ vast majority of cases, but sImply as ,-  ir id lm- sm t ’ t i - s mu
some potential underlying cardiopathy . We have found as you fmave • that t tu  look f ru r  r-ormtnary
artu-ry disease in itatients who present with cardiac arrhythmlas is not a very hopu-f ul  ) s s m r z u t . y .
Rut we do find a very hi gh Incidence of abnorma l hemodynanuic situdit - si highly suqqest iv,- s s t  a
‘sardlonryoluathy.  Now as I become somewhat older . I find myself iu,’s’s m, m i r u i sort- and more suspi

s- louis u-sf (se~s F s i e  who rum id denly develop either supraventr i - s ul - u r s t y  ven t r i m -s u la r  surrhythmlas Iii,
I was 25 yesrst ago when I considered these things generally speaking, it, t uig r m. We have found

a group mt f patients who are very d i f f i cult  to deal with becau tm- we found slight ly abnunma l
left verttr icu log rams and arm abnormal hemodyn amic response t s t  ,sxerc ine w i th  lit ,- left vt-ru t rue-

ular enrh —di astt ’m li c pressure rising to 24 to 26 nunhlq. These 1ttcsple pose a v t - ry  real luroblem
from the standpoint of defining when one should ‘m ound them , always k , u j s  i t u s j  li t time back of
runes mine that potentially letha l arrhythmias aru’ a very ,‘somorm complis - su t l i t t u  s,f sardiomyo-

pathies of all types .

li l t - i., I t o t a lly  agru- .s wi t im you. Perhaps we should perform myocarslial iui~ uI s sit-:s ~fl t lu ,- s i , - s~~ste~~.
l u ’ , ’ .s intent at rial  f i t ur l  1 lation precludes performing flying duit len . I~i lots h~~v i  rug I so la ted
ray,- li s u s u t si of atrial t.achycardia or atrial fli ur illa t ioru in the abst- nm’se of heart ‘Ii seats ,-
s - ’ t s m l d is,. rt-turned Irs f ly ing ditties .

T niel ,wastser:  It has itet ’n our observation that the majo rIty  stt patients iuavin uj I, t-g sm ”mmt t , ’ uut  r m c u la r  pr . - matm l r~-
l ’-at~ an a serial change , have an excess ive alcohol and/c r c a f f u - i r s u -  ututake . I f  you carm

persuade them to stop smoking and t O  reduce their alcohol and s ,~~f 1,-inc in ta l - ’- , these w i l l
‘m f t u-n di sa I,

~” 
at



A l t Is

i~equay : You have mentioned beta-blocking agents. Do you believe it is advisable to give these beta-
blocking agents to a fighter pi lot who, for example , w i l l  be exposed to high ac r u , ie rat icsrs
forces?

Djetz: You have to make the decision of giving a b ta-blocking agent individually for each person .
but we have also found with hemodynanuic studies that there is practically no negative iono-
tropic effect.  The orthostatic reaction is not severe. I mean I could give them t s s  a p i l o t
and wait for the side effects.
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SUMMARY

Ambulant uircrewme n (299) rs-ferred ts u a clinical consultati,,n ‘c-i-vice went- evaluated
with a brief orthostatic test; blood pressure (NP) and heart rate  (H R )  were recorded altm-r-
natu-ly during both supine rest arud 5 minutes of quiet standing. The patients were divided
into four groups depending on NI history (normoter.aion vs. borderline hypertension) and NP
from tim,: current clA ;uical examination (normal vs.  elevated).

Duni r t u t supine rest , most patients with a normotensive history and a majority of those with
a borderline hypertt rusive history had BPS in the normal range. During stand , NP remained
normul jim most normcmtensives but was elevated in a majority (62%) of borderline hypertensives.
These results went- used to compute the probability of borderline hypertension in an individual
pat ient, given either the HP from his current clinical examination or the average BP from
the stand part of his orthoatatic test , or both. Curves were constructed showing this prob-
ability in population;; with various prevalences of borderline hypertension. The value of
an orthostatic test combined with a standard clinical NP in distinguishing between borderline
hypertension and no rmotension is apparent.

INTRODUCTION

Blood lsrm:ssure (NP) measurement is an important part of the routine physical examination . A single
ru-ailing , supi~ue or sitting , is usually all that is taken amu r~ recorded if that BP valur- is normal. When a
borderline or frankly abnormal NP value is obtained , additional measurements are usually mad,, with the
“best ” HP value (i.e., least abnormal) recorded for that examination. These additional readings may be
suisislemented by 3— or 5-day NP chocks where multiple values are averaged to obtain a single “ r s;I resentative ”
liP for tft,it lsat i ’- rt t .  The ready acceptance of a first NP value when it is normal (although it cuu ld be an
utypis-al ly  lc,w readinrj in a labile hypertensive) , and the arbitrary als(sroach sised in tltc- presence of an
elevated BP value , both argue for an improved approach to the characterization of an individu al ’ s NP .

Wu: felt dissiatisfi,,ri with existing conventions for determining blood pressure in our aircrr-w popula-
tion. Existing methods often seemed to deny or delay the diagnosis and , therefore , aluproisriate maruagement
of hyj sm : r t s s r u :smo r m ; i-m r altm :rrmat ively , might stigmatize the normotensive individual with an occasional “(shys—

iologically ” high HP reading. Our earlier studies of orthostasis in borderline hypertensiorm (1 , 2 )  susj-

qested that a simple static stand test might distinguish the majority of borderline hypertensives from
norrnotensives, and the present study was undertaken to discover whether this conclusion could be susta i ned
with a much larger group of ambulant, largely asymptomatic flyers. We hoped to determirte 1) whc- th -r any
part of the response by borderline hypertensives differed significantly from that of normot,’rusiives, arss i
2)  how tt mj : ;  informatj on might be used to differentiate between these twe Isatierut st roups.

PATIENTS AND METHODS

The United States Air Force School of Aerospace Medicine (U SAFSAM ) provides a c l i n i c a l  c o n s u l t a t i o n
service for  evaluating referred ambulatory military aircrew with suspected or manifest medical disordu’rs
All patients in the present study were aircrewmen referred to this service; they were re f, - r re d  onl y if
they si r,- thought to have a reasonable chance of retaining or regaining flying status. Accordingly, ob-
vious disqualif ying conditions such as stroke, myocardial infarction , or malignancy we re not t i-en; on the
contrary, nearly all pati ents were asymptomatie , and most were referred for ECG changes or NP ,- l r -vatlon
riustected at their routine annual physical examination.

lationtss si r,- selected for the pru- sit -mu t study between February 1976 and February 1977; initial jsati ,-nt
selection was random , being based on patient availability within a busy clinical schedule. Later paticmnt

stslection was biased in favor of hyperts-rus i ves to improve the size of this group in our study. By t- u isru-

ary 1977, 343 patients had been tested. Data on 3 patients with sustained hy~sr-rtension . 36 patients
taking arttihy~sr-rtenrsivt- drugs and 2 takitug digoxin , and 3 patients who fainted during the orthostotic test
wc-r’ , removed from the data base. This left 299 pat im’ r t ts  for further analysis; -Lther normotensive pat is -n t s
ss r  p a t m r r m t s  w i th  untreated borderline hypertension. Table I indicates the numtber of patients and the
sy:;tt m supposedly implicated in their referrals.

TABLE I .  MAIN CAUSE FOR REFERRA L OF 299 AIRCREW PATIF:NT~

Cardiovascular: Neur-opsychiatric
ECG abnormalities and/or hypertension 133 Loss of consciousness 27
Othe r 49 Other 34

Ophthalmic and ENT 16 Gastrointestina l 7
Respiratory 10 other 23



Blood pressure n orm a l i t y  was defined as systolic blood pressure (SB?) below 140 mrnHg and diastolic
blood pressure (DB?) 90 nmiklg or below (these are current U SA? standards). The following patient groups
were identified:

A. NORMOTENSIVE
1) HP normal by history and by present clinical examination (n — 231). These

uteri denied a history of B? elevation or of requiring 3- or 5—da y liP checks. Chart
review confirmed H? normality for at least the past 5 years. The NP taken at the
current clinical examination was also normal .

2) NP normal by history but elevated at present clinical examination (n ~l5).
These men d i f fered from those in Group Al only because the B? from their current clinical
examination was elevated .

H .  HYPEWI’ENSIVE
1) Borderline hypertensive by history but norinotensive at current clinical

examination (n 19). These men all had zecusrdui of one on more elevated HP reading ,
on routine examination dur ing the £tdst ‘u years. and man y had uruslergone 3— or 5—day
HI~ checks. Boric luat i miustaimued hypertension. Their HP from the curre,tt clinical
eXa mmnat ionu was nWsrmal .

2) Bonderlirt,- imyp erttsrussivu: by history and B? elevatemi at current clinical
t-xalitinat ion (n 14). Themie suer; differem i front those in Group Nl only in that the HP
from t it s-u r cur-r out t:linical examination was elevated .

(J rIi t ’s~ tatI c tem stm nuj took place in the afternoon , at least 2 hours after patients imad eat s- tm . The teSt
(F; ’iur ,’ 1) involved a 10—minute period of supine ru - s t  ( supira- part) followed iutunediately by 5 minutes of

s l u m u s t  starid u ru t ; against time wall (stand part). Heart rats- f rom the radial pulse and ausiculatory NP (w i th
dia st t tsl,- sit cessat ion m s f  sounds) we r e recorded on alternate minutes during the secormd 5 minutes of sulsine
rest arid the subsequent 5 minutes of standing. A quiet , air-conditioned room was used for all testing,
with only the Jt at iermt  a:md one tect uniic;amm present . luemutfu l conditions were ensured by a closed door,
ab;,ermc,: muf a telephone , and proscription of all conversation. The majority of tests wen ,- conducted by two
t ,s ci m mt mcianms wiuri were shown by audiometry to have norma l hearing. Procedures were standardized by the use
m u f ~~; t ; t t m sl urt ss t rus :t jo r ;  5,-ta .

QUIET SUPINE REST QUIET STANDING
Figure 1. The orthostatic protocol
is shown . Supine Xe~~t (supine part) BPJHR 1BP1HR 1BP HP HR

J IIP 1HR BP
W m u 5 s  followed inurw~diately by quiet r -

~~ ~~~~~~~~ 
- - 1 ~~~~~~ 

-- -

sstaludin’3 (stand part) . 0 5 10 0 5

MINUTES-

The casual NP value obtained by the examining physician at the current USAFSAM clinical examination
and measuremen t data from the orthostatic test were all entered into a computer for subsequent reduction
and manipulation. For each patient, means of SBP, ON?, and HR valuies f rom the Supine and stand parts of
the orthostatic test were computed, these mean measurement values from the two parts of the test  w ere
us5,.d for all subsequent analyses and presentation.

RESU LTS

The NP findings from both parts of the orthostatic test are presented in Table II. For the Supine
Isart of the test , norma l BPs were recorded in almost all Group A (normotensive) patients (244 of 246), and
in a majority (41 of 53, 77%) of the Group B (hypertensive ) patients. The supine part of the test there-
fore correctly identifies nearly all normotensives but fails to recognize most hypertensite- ; in forma l
terms , the supine part shows a low sensitivity (23%) but a strikingly high specificity 5 (99%) .

During the stand part of the test, hypertensive BPS were recorded in 8.1% of Group A (normotensive)
patients. Hypertensive responses increased to 37% of Group 81 and to 76% of Group B2 patients--an over-
all 62% positive rate for all Group B (hypertensive) patients. The sensitivity of the stand part of the
test was thus 62%, arid the specificity was 92%.

pootnote. The sensitivity of a test is the measure of its capacity to detect an
abnormality. A highly sensitive test will detect nearly all abnormal individuals.
Sensitivity is expressed as the fraction , true—positives divided by true-positives
plus false-negatives.

The specificity of a test is the measure of its capacity to recognize normality .
A highly specific teat will be negative in nearly all norma l individuals. Specificity
Is expressed as the fraction, true-negatives divided by true—negatives plus false-
positives.

Sensitivity and specificity are independent of the prevalence of an abnormality
in the sample tasted and therefore will remain valid where bias or selection distort
the composition of a sample.
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TABLE II. BLOOD PRESSURE FINDINGS IN ORTHOSTATIC TEST

A. ujs ine Part B. Stand ltart

Normal Elevated Norma l Elevated

~;NP DBP Both Total SB? DBP Both Total

Group Al 231 0 0 0 0 214 1 15 1 17
(n — 231)

Group A2 13 2 0 0 2 12 0 2 1 3
(n 15)

Group 81 19 0 0 0 0 12 1 6 0 7
(n = j s 3 )

Group 82 22 8 2 2 12 8 £ 12 8 26
(n 34)

The number of patients showing normal or elevated blood pressures during the orthostatic test
(subdivided into supine aimd stand parts) is presented by patient groups.
Composition of each group is defined in the text.
Orthostatic tent BPs = Mean value of 3 readings

The physician , however , deals with mum  individual patient and must therefore estimate the probabi l i ty
of a diagnosis using available clinical and test results. Assuming a)  the v a l i d i t y  of an h i s to r i ca l ly -
defined patient classification and b) that the prevalence of borderline hypertension in the patient ’s
population can be estimated, we can use our data to develop predictive functions for this purpose. Prob-
ability of borderline hypertension has been calculated for a the case where a current clinica l BP is the
sole item of information available , b) the case where an orthosm -”-tc test response is the sole item of
informatioru available , and C) the case where both items are ave )~~~. All three cases assume that the
medical examiner has no knowledge of the patient ’S HP history.

Figures 2— 5 show the results of our probability calculations. The lower two curves in Figure 2 show
that the likelihood of borderline hypertension is similar (and considerable), given the sole f ind ing
either of an elevated clinical HP or of an abnorma l stand response. For example , if the community pr-eva-
lence of borderline hypertension is 20% , an elevated clinical HP or an abnormal orthostatic test means
that the patient has a 60% chance of being hypertensive. When the elevated clinical and test NPs are
combined , the likelihood rises to over 90%. As noted , the likelihood rises as the prevalence i r tcreas’-s .
The middle curve in Figures 3 and 4 shows the corresponding probabilities when the results of clinical NP
and orthostatic test are conflicting . The effect is substantially to reduce the significance of a single
positive finding. Conflict between clinical B? and orthostatic test, which occurred in 44 (15%) of all
omit çmatissnts, wooluS s~gqest caution in diagnosis and the need for further evaluation. F i g u r e  5 shows the
probabilities of hypertension when there is a normal clinical NP or normal orthostatic test (stand part),
or both. The gain from combining clinical NP and test (lower curve) is useful though modest.

DISCUSSION

A number of authors have described a “hyper—reactive ” response to orthostatic stress in bonds-ri inc
hypertensives (3,4,5); these studies have typically involved the use of invasive techniques , ansi their
brsrderljne hypertensives showed an excessive rise in mean B? during short-term tilting. However , Esler
and Nestel (6) , using ordinary sphyginomanometry, found a “hypertensive” diastolic rise in DBP of 11 rnirmflg
or more in 10 of 41 hypertensive patients , and these diastolic “hyper-responders ” (most of whom also showed
an orthostatic rise in SB?) were on the whole the mildest hypertensives. This excessive orthostatic in-
crease in blood pressure in many borderline hypertensives has been generally regarded as evidence of a
strong neuroqenic factor in the disorder; the rise occurs early, withinm a minute of assumption of the up-
night posture , and is often accompanied by other features such as an excessive rise in urinary norepineph-
rinue (6) and plasma renin activity (7 ,8). Borderline hypertensives may show a wide variety of resting
hemodynamic abnormalities when supine (9 ,10 ,11). With head-up tilt , there is often art excessive fall in
carsliac (3)  and stroke (5) indices and an excessive rise in peripheral resistance (12) and in heart rate
(13) compared with normotensives . A hypertensive orthostatic response is therefore likely to be one
manifestation of the autonomically sustained abnormal circulatory state demonstrable in a substantial
number of borderline hypertensives.

In our earlier orthostatic stress studies (1 ,2) we found that most borderline hypertensives had nor-
mal blood pressures during supine rest, but the majority (71%) showed diastolic hypertension during
orthostasis. This effect was not seen in normotensive controls. The present study has againu shown that a
majority of patients with a history of borderline hypertension show normotensive B? levels after a br Ir-f
1st ~riod of supine rest , but that orthostatic stress causes a hypertensive response in a small majority ((s2%).

In other words, the sensitivity of the stand part of the test is 62%; a result of moderate usefulness ,
similar in our sample to the sensitivity of an elevated clinical HP (64%). (‘ombining the test and the
clinical B? results does not increase sensitivity.

However , by analyzing our results in a different way, to calculate the probability of hypertension
in an individual patient, the value to the clinician of the combined findings of a clinical NP arid stand
part of the test can be considerably increased , provided that an estimate of the population prevalence
of borderline hypertension can be made. Under these circumstances , when Clinical B? and the test are
concordant, as they were in 85% of our patients, a diagnosis of hypertension or normotension can be made
with 90% confidence, assuming a 20% or greaten prevslence of borderline hypert~nsion which is probably
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These figures show how the likelihood (aa % probability , ordinate ) of a patient ’s having borderline
hypertension is related to the population prevalence of that disorder (abscissa). The four possible cost-
binations of current clinical HP, normal or elevated, and stand part of orthostatic test , norma l or ab-
normal, are presented. In each figure, curves indicate the likelihood of borderline hypertension a) if
current clinical HP only is known, b) if stand part of orthostatic test only Is known, c) if both items
are known. (In Fig. S the dotted line indicates near-identity of a) and b)).

H, Hypertension, Hypertensive — Borderline ditto .
N — Normotensive.



usual in most Western communities. We , therefore , believe that a bri ef orthost,itic test ca ns r m •l ia )t l y

distinguish borderline hypertension from nornrrmtension in the great majority of patients. We comrmme ,tsl this
test to all those concerned with the diagnosis of borderline hypertension.
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APPEND IX

The percent probability of an individual patient being hyper-

tensive , given the prevalence of hypertension in his population , and

given a specific Outcome of his clinical arid/or stand part of his

orthostatic test , is computed from the quantity:

hp X 100
+ n (ioo—p)

where: h — percent of hypertensives showing a specific outcome

— (# of hypertensives with outcome/total 9 of hyper—

tensives) X 100

n — percent of normals showing that same outcome

— (I? of normals with outcome/total I of normals) X 100

p — percent prevalence of hypertension in the population to

which the individual belongs.

NOTE: h and n are estinaates computed from our observed data sample.

F:XAIPLE: Fmrr a given individual , we observe the following :

d m 1 - .;] HP N

stand HP — N

is issmumn e he comes from a population where the prevalence of

Lv s e r t e nsion is 20% (i.e., p 20%)

Fnm mm o u r  m i.it a smnn p le (Table II), we can es t i mat e  h and n for the outcome

umbser,ed (N, N )

It I)~~yj~ertens ives_w t t~m X 100 12 X 100 22.6 %
n s ut a l  ~ hype rtens ives 53

n q n u ~~~a l s wi t h N ~~~ X 100 - 214 X 100 87%
t u t u ] 1/ mus ur mals  246

- - ‘ilie p robability ‘if the individual be i r mg  hypertens ive , given ;its

t s - - ; t outcomes (cl ini m a l — N , stand — N), is:

hp 11 100 - -~ - - 2 2 . 6 ( 1 0 )  X 100 — 6.1%
hp-f n (IOO—p) 2 2 . 6 ( 2 1 ] ) + 87(100—20)

Proof o f Formula:

Suppose we have a population where:

p — t I u ~ % prevalence of hypertension in that population

r — number mt subjects in popu it Jon
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‘
~ s . -’rr it t , f l  ! s m w ’~ that:

pr/IOU — 1/ of h yper I s r u s  i /as tim popu 1st ion

and r
N 

((00 — p)r/lOO — ‘/ of normals in population

If stur es t imates  of h and n i rom s,,mr present data s amrmøle a rs -  good r or a

specitic outcome , then

Im ( r
11

) / 100 = # of hypertens ives in population that will

show the spe m - j f  ic outcome

and n ( r N ) / l O O  1/ mit normaLs in population that will show

thu specific outcome

Timerefore:

Iu ( r
11

) / 1 0 0 + n ( r , . )/100 — total ii of ~mm h )e,’ts to population

that w i l l  ~hou the specific outcome.

The percent of n ~t t ’,e showthg the m)utdrEm u’ r hat  are hypertensives is therefore :

ii (r ) /100
H X 100

Im ( r
11

)/ 100 + r’m( r
N
)/ l O()

Im(pr/l (JO)j I00 X 100
h (pr/l0O)/l00 + ~i~~l00—p) r/ lO0)/ lO0

— Imp(r/100 ) 
- - - 

X 100 — hp X 100
hp(r/l00~ ) + n(1OO—~ ) (r/lhfY ) hp + n(l0O—p)

Q.E.IJ.
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I)LSCUSS I(uH

h’rt’mh l : hty ;m~~r tensjmm,m l u  s ttm ~ - st I t Ime nvist cottinors problertus we ha’ie b u t  r ope W i t  It . I t i matm k  / m ms i  f ’ mI
‘;iv m nq simple tms~-5nt5 I. increase the accuracy St f  our diagnoses m t  b ’u ymlu r ii t ue  m ’as ,- ,m - N,t~ I, ‘t m ,
a pr set i ‘a I ;s ’ s I  t i  of view , what ’ s y’sur at’ m tude In the case of confi nne,1 h,yper t •- ,ms ion Ins

Jm i i, st st I I yi n’; single seat , high performance aircraft w i t h  a ml l ,iss t us l Ic pre ssumne , whm 5 is I

t tm ink is the more mitsu i t sot , beyond ‘35 nvtmhlq and wh,s have a norma l eye b as s i s t ’ s aimd ~s’ m tnm ~~l

rm - t t a l  I ins t I ms t m ’s W m mm il d you keep tJ’sem m m  f lying status ins high pet tot  truant ’ ,- am r u ral  /

hi m i] 1 : ‘l’) su, I ts i t e st ;t .st,-’u Ai r t s r ’ , rCm;ulationa suggest that they should re st ret,ma h ,s oo I lying ~ t it us,

WI h Is  t lt s t  t yj t i. of Is] ousd pres~ ure~. ;tCr t icularly if m t  were repeated] y ~ a ‘55Cr ci b u m  be ,. levat .1 ,
s m t t l , - , t ,-m m t  r ’ s s s u l u l  i~~- sa t  I s f i c u o ri l y  treated and comp letely s : ’ s m u t r m , l  P-m i wm tIm aim ~eu ‘‘pt~~Ole
imr et s ar al ’  ion , which s stst I I n’~ has been a diuretic preparation. i’s time 1 t m t  sd.- us  tha t  ‘It’-
dlsuut rm ler is sat.’ provided it in adquately controlled.

Jm,-tSim l S And w ’mu lm’I you k.~i-; , luim orm f ly ing status with the d i u r e t ic  t r ,-at suent?

I l m m l  1 s Yes , t im , - policy is to o l m S me n vu, them sin the ground for 1set’Iods of ti t.~~ whi ‘‘Is 1~ smsmeW hat
an si trar’y , ls smt sismial ly aix 155  eight weeks , t , s  see f irst of a l l  WI tu’tI m~~r t im e t r e a t  tt u ,-tsl 1
e f f u - ’ - t  lie arsd second l y ,  whether  any side e f f e c t s  are ms, , cs m n n nm;. I’r’svm sl ,— d th,-s s ’,sm s s l m  t iou ’,
s i r e  t,,vmsral ’u le , his ,- j s i l ’ s b  is frequently gran ted a wa iver  I,, r e t u rn l’s flying s l s jb m , - u, .

‘J’ nieb w auu ,s s—m ’ As t u t . Il m ul l it at .d this is misit ;tru,sent polic-i , but, we need b u s  : , — s - m t n t s u l d , - r it i t s  t.ertn,, ‘~ t t Ime

h i gh  performance a i rc r af t  p1 ln,t. l b could istr argued that if this mars dries ~s ’t l have ,3ruy i- tm ]-

‘mr’fssn disease , he migh t he iset t ,er of f  untreated in t,-nnma ssf his v’’ ts trtt mi r s ’ u- In a ltm ’j h im ’-r—
t ’t rr, sms tsm’ i - a] rm r a f t  because a sh uns-b Ic agent might diminish his ( .— t  m s h n  atm’’., . Wi- have rums

‘-vidence fusr that in our studies examining ;—toleransce as Dr.  Hull descrlhes i s- sm ile r in t i m l s
Its-ct irs’;, li st we tm avent ’ t tested this in the high ‘C stress ,-,,vi ronmmtment - Y’smir -psi-s b I’sts is its

u- n ’ - ,’ I h eist site . We ir.’ always uncertain as to hm~~ one ~i t ’ s s s  J s J  lt simu ’ll,’~ a ltypu- . r t •- s’,i vi j t i i t t  -

l’s, examp le , wlmens tiu ’iuI 4 you start  treatment? I t birth most ‘ml us wm iuld amjr , - ,-  that  u-v u- iy l,’,smy
should li ,- t res it u d If their blood pressure i~ m;reater thins 160/100 m ug ,  Hmjt, , w iusi t aIs s sss t t I s ~-

ts’l I vi dm m a i whose di as tol Ic hi ood pressure is between ‘uh and l iii nuruihm 1 / W~’ i uav m -  iso j s r u s i s f  that
I ri-it tusets u i s  t i me lil t or sismsm, iS beneficial. Hu*vever , there is Tore and tore cv m s i , - m s , ,- sis . s -sj mm i-

isiting t imat  t n es t t ruOtst  should be benefm cial  in this populdtiots . ‘tus Is’ Imm sn s, ’ s t  , I ‘ us sure most
sf  ma si r ’, inflt ;ersr:ed Is’, family It isto r/ , and physical and laboratory findings suggest m te~ m-,s sl -

msr ’;its inuvol vetnserm t . These thi ts ’;ss dictate whens we start to i t t ; s  i s  sy uirsisj t iso: a;sy ssrt a il i ni eat
IssiSsi S , but in t im , - m~ ssu, ‘t f  t he aircr~~ nnermt,er we have  publistued mt ,smtslands . Wi- Imave ar - ti l t  ran  m ly

,ik,-rs t i m e rol e s s f  t reat  in’; s il l  individuals whose blood pressure has ,-nm,- ,-rl ,-sI I tsr-tsr- standards .
Alt l s’ssm ’;)s thi s m s  -iusr’y “, mmt roversiai , I be] ieve ea r ly  treatmenu is IsOts, I ici a l and sh’isild Ij.’

emp l oyed , especially when rsrs u- can mice a no lat i ve ly  benign a ’I ,i tst such as a fbi s iZI  si,- di ssr ,-t I s : ,

Must , -  I tuilmortmirst, ly, wu- must bear in mm ml that drmiq therapy almomi l ml nm ’ t t  IsO usSr - si m i ss  i~is1 sf

w,s m glut r i-s is ict l us ts ansI sod I mats restrict ion.

t,.u;m ; ay W I t b  ru-gir l I mt l m / J s i - r  t Ots sl ‘ins , we believe that It ~houh4 b. t r u - i t  ‘‘‘I as soon sin It  I s i - s u l  !ss t  I
tri ms ] feat It si- If , hecaumse we have found that some r~i l m s t ,a , W i usm sr- f l y i  rsm i f i tisess had  Im oer s
ii I gi s i I-, tue’j l m . ’ ’ t ussl , did have a’:s: l s l e t s t s  - Consequentl y ,  o ne takes a ‘ t m- .- a i  s - i s a  tt ss- by tso t

t r u s t  m ug i n t m ’ i p iuunt huyj ser te ns lo ts , especially in contiat pilr~t s .  We t reat them essent ially
w i t  Is dl sji- et l’s , crud vu- check t’,’ s s  asfs ects : I )  ‘srthostat lc hypotons~~Ion , arid 2 1 a s ’ i ,t t tt ’ l f t p’

tu rn  s q s  l’ s ‘ s ; ’ , wi t i m ’ s s s t  a ;tresSure suit. TPs~~~e s i r e  our reu;smi remt m ,- tt t 5 to mam m l  s m  ru p1 l u s t f t  t 1 ,-a,, -

Ilm u l 1 s ‘f. m , thank you; yen much but I • m sm i r u-  ttmat that Is ,,rut i rely In au’ u:’,,d w i t h  “ussr Is ra’  ‘ti ’ .- Isu st Is
tu l is t s ttms ysi l anul u s,, tinI ted ;t sit (us A i r  l”stCO.M -

Ms’ J ns I’’/ ri- i’,,,r s l r s u s s f s RI inmt ,,restni tt* , flu,, grus sip that imad hypartenssluni smu t m tu us is rsrsr trs a l - Whuat slu t y’m ns

t im I rmk is the ;srus ’4rtutsu Is s u f  these Si ts s:a I led I aPi 1.. l’s ’/ ;si-r t~~ts 5  l yes? m u ’ ,  y u t m m si ’s anytis I rig s u J m e C l  a 1
for ttse m?

Mmml I s  ‘lit - - Is ‘it f f 1  s: m il t fses stsms s.- In ta u t , in a r u- al sense , al ] t l s ,-Se  suds ) e m - t , m  W i,,.- 1~~l,1 I’- hyper—

,‘isi I vu mu - Nutru” mit them had fixed hypertension , and that lana m f I cab ion was based simply s it
t t t i -  f l  nml f nqtu at one s- sir rent’ examination. In fact , I thI nuk it  ‘ s ,txim ,sma t i C t i s m i t some w ,um sl d
fs i l  I ntt  m m RI ~nsd t h e n  I nut  us NI’ , and that Is just the proport i ‘ins t hs i t  w .- l us i j s ls t ’ t I e s i  i m s  f i t s ’ 1  -

W i t i t  a d i f f e r e n t  ujrouj m of patients we might find rat’,juer d I f t i - r , - t s t  p r u s 1i u s r t l s  ‘~~, and i t  ma
i-xt reme ly dl f f  m u - s i l t  I u” ause nobody wants to wa it  for f I xcii luyjs i- t i - tm sm on, ls~

. ~~~~~ tr e at U~~imf -

The maj s s r m t ’ y of airu;rewme nu that we treat would  be s: h s i r m s s :uu. r u ze ul as i s ’ s t s i o y l l t u t r  tsr labile
hmyj stsr t rstmuu i v’. , ansi I tub Ink jsrotmably the majority u s? linac a r ,~ be t t e r  u s ? I s5s It ‘-s u t tTW- . rm t , pr ‘ n - i - - i
t im at t n-it ns ,- ,st c5rs  is’, mj i v , - rs without causing side ,‘f fects .
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SUMImIPJ1Y: Qtiantitation of rmi,stsUrarme 1)hOSliIOljj,sl s ii- ; in mni todssx’imiri-u ,3,nui m icroN s -: ;  frs;n ,ms ’x,x’l m , nat ion
stressed as well as radiation stressed aniJikIls revc-,mlt ,s I signif is - s u mit  i- mi iat iorss; if s indivislua l sv -c i -s oh
iiios~1iolipids whimim were rei teriited in time bl~~xh p Ises liks . Appi ic,’j t mots of this rtitl’sniolcqy tu j 11th rs 515cM’ --
the feasibilit_’y of achieving a molecular index to ;tXesS via blood plasl ul t’Iioriiiiolipids. Thiei- ;m’ m’t,mul t:
were catpliitx~nted with studies for rmon—invas i ve procedures usl,ng the techniques of hl s hs prss,sure liquid
thrasatoqraphy and electron spin resonance spectroscopy to detect exci ti-m i st .jhi’ ta - b aisculi t s-:s in uri nu-
whidm could be correlated with stress intolerance. With this J rcxx~dure a s ignif is:s ixmt inlcrt,,ms t,s in t rot,-
radical forming species was found in the urine of vo1untj”~rs s s nt ri t uqed Ii~ sjrayout as well as in a
civilian population of patien ts sdmeduled for heait surgery . Correlsitmm,r s s it  the I res ’ l , i s l i u ’,iI s r ~ysci -j~fj ’atimn~ ,
with values for li pid peroxides and pm’menolic wipounds gave a thm’ s - u ’ thuui -s: ;mrn ,sI reashout which st i5aratc-mi
stress tolerant individuaLs Iran those wi UI dobi 1 itating intolerancu - to stress.

In the ~~ urse of studies on the biorequlatory factors of energy transducL-im; systssrfi, it was , j m ’ ,ul jzed
that brain activity in-vivo and oxidative phos~1mory lation in-vitro ccxiii be modi l ieu ] by molecules in a
stable free radical state. In attanpts to synthesize a structure which could react, with li jsoprotxiin
Sites in energy t~ nsducing nxttt>ranes, a stable f ree radical pel~~n2ric derivative of prostaglandin I ]  was
discovered with the unique prciperties of conserving the ability of mtmi tnchonmlrja to pls s~~phoryIa t,m oxidatively
under degenerative conditions that des troyed phospFmory lation efficiency . The samo s~irqxmund , s:alles ] 1

~~~x~markedly enhanced the survival of monkeys in cardiogenic shock frets an induced mir~,ocard i al infarction with
fibrillation. In similar fashion, rathits subjectcd to global ischcsnia by tying the vertebral arteries
and both caroti ds t,r,t produce electrical silence for 20 minutes and then rmsleasinsj the carotid tie, had ii
crznplete recovery in seventy percent of the animals treated with PGI3x canpared w ith a thirty Ixsrcent
recovery with neurological diznage in the controls.

These findings indicate the feasibility of detecting the onset of incipient pathology fran stress
intolerance ansi the Pt acticabi lity of the molecular intervention to revoke the fatal prognosis cml’ isd emic
anoxic crises.

INTF() WC~ ICV

Experirtr,mnts with isolated mitochondria and microscios I ran tissues of stressed rate suggested isthanic
anoxic ‘:rises arose fran a sustained demand for biological energy under cxxmdi tions of limited supply tii
the point of exhaustion of adaptive tochanisms and the onset of pathology (1,2) .  It was expected that
these events would be presignaled by molecular changes which reflected bicsamrubrane t ms~ulatory mechaniatims
pertinent to the hioenergetic pathways involved. These molecular changes also might  afford a predictive
index or end point to stress tolerance and implicate cri tical f unctional si tes for a molecular intervention
to enhance survival of a crisis state.

Variations in tissue phospholipids f ran animals and plasma phospholipids Iran humans exix~ ed to
physical and marital stress a~~finod the premise that mxsrurs-i hiochtznical cxsrç)onente are mta±ilized by
diverse physiological reactions to s tress. A lm ost identical changes in the plasmi levels of phosphatidyl
glycerol were obtained in rats accelerated to 20G and in humans accelerated to grayout. Similar elevated
levels of ~imos~1-iatidyl glycerol were found in humans sub j ected to sleep deprivati on, cxjitiat flying or in
patients ho~pitalizem l with the diagnosis o chronic schizophrenia. These stressed populations could be
differentiated f ran each other statistically by the additional changes in other 11’iospholipids (3).

r-t)lecular Corre lates of Stress Intolerance

Procedural difficulties in adapting the phosçi’molipimi mathodolegy for field use cirphas i zed tlsc need
f or and advisability of a non-invasive rapid and sinpie objective molecular index for the exhaustion of
adaptive reserves and the onset of dthilitating marital and physical states . To this end urine samples
I ran populations under cxi-mtrol and stress cxxiditions were subjected to high pressure liquid c*iranatajraphy
and electron spin resonance spectrcsxupy seeking for molecular changes uniquely correlated with the stress.
The f ree radical forming molecules in urine are detected in chloroform-nuthanol (10%) made alkaline with
tetraethylarrwiitun hydroxide, Originally urine f ran cxzitrol and stressed subjects was partitioned between
the organic and water phases of thlorofortn-ethanol-~ ater (4:2:3) mixtures In r~~ove cationic solvent
soluble etiiçxiients and neutral Lipids. The water soluble phase was then acidified to pH 2.5 and extracted
into isthutanol. After cxs’ioentration by evaporation of the solvent , the fraction was analyzed by F,IR.
St,tssux~uently Dr. It. Shrtukler developed a simple procedure for cexicentrating the free radical forming (FR)
impounds by percolating the urine through a coluitti of XPuD-2 resin. After washing with water to r~ove

the inorganic salts and unadsothed organic caupounds, the FR car~xxunds caild be eluted with mathanol.
thrcznatography of this eluate shcs.ied that the FR txnpounds were not a single- - pecies but catprised
representative species of classes of nctabolltes which either were in free radical form or cxxild be
txjiverted to a free radical by prot~ri abstraction.

With this procedure a significant increase in FR molecules was found in the 24 hour urine of
volunteers centrifuged to graycot when acstpared to the m~xzic~~mtrations found in the 24 h~~r urine before
aceeleraticxi. The differences were significant at the 1% level of cxxifidence. Although in itself the FR -

cuitent seer~d to have little predictive significance , when the -hi fferenoes iii free radical cu’tte’ t pro
and post acceleration were plotted against the highest G tolerated by the subject, an inverse correlation
of G tolerance with FR signal detected becanus manifest, i.e. the individual with the laujest G tolerance
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I~’is ; . 2. ‘lim ru um rIjgtt~’ts m~jn~~1 ; sls il s~ I I- ru-’ - J(auljrai l x~ it u t m t  , Lipid jiroxides and Phenolm m u ozmpound
riot m~j mt  r u t 24 tm~ur sir i ne Its s1j us~~ m ‘ ,minato norma I and stress limIer ant subjeetrm fran stress
tmti ,lerajmt pat i u- l i t  u m. Each l ine  1xxm i I ion ruuj m t’esmmim t:; am-i m mu liv iulua l sub ject .

‘I’ m- result of t im e plot is li m it dli nomina l mmj,h jects ,mnm l those s u, ,m ’mtj mm : sur’qety p~mt mm - mm t s who St,iu~ es1 dri
mj-ievei-mtfail recovery ire uyimuymfltl~~ti.u t in li t- mima l 1 Ixixeu l vuluiti, near time origins . The eight patients omit~m i s I g
t,hrim ,m,hmz s. rep r t -m ms mt utm, p.mt ient who ‘ lj , sl  f t x -it u smt s jmuy ansi m,’v’~n r m t l m,~m - - who rcm_x vered physically sul Ii s 5 t ’ t m t
Ii, be sI t ls±larujeu I but were tsr m airily m im at mintxsd uitist i s i m m - m i  ly Irs him,, l~~ ilmt 0 I m em m m ;  f unctionally s lm tab les I.

limo u ll imatsum s im j e r t ye mit Umm~~,u -  sttx lies is I s m  mief itme 11mm-  bicimuLecul ui nixd-iani sto of u,k~ j i litatincj stress
so th it ,‘mri ‘im jer’t i s/e index of uqm~iIuj~au .t m i rms ; intuolerat’tcxm IjIT I hi m toy be ; m rumtutm m arsi mu .d and t m t  m,t em’t ive toamnursis
inriti tutmul to ~trmtm ,, tmrr- ;xm rfonnancxt and sum-vival . The imrtmvdiat,- ;Ilttm_m a t e  to isolate and identif y timers’
mtu lecaji,a_r ~ymnnt,ttt.M~’itmm t,f lm~mt y flmij uls which are our relative wit-h stru ms jgmtm,let, ~ m ms ~~u u’mm l to ulevelop rrstimmxis
I m,r rapid .ini sped fi r s deter-h i arm sui tab Is for f ie Im i m ismu- . The s l u u t  a ;mresent,ttd shams tim e f easibility of the



mit  m s m m t  u ‘ j s , . t I ~~ ot thu prcmmr _Smmi.

I IJ—VITIU (X~~Sl-R~ATI(1I OF’ OXlI~~TiVE Pt Ki~;pIIORYIATI(I4
l r l—Vl r f l m SIJWIVAL (IF Ih~~IEM1C ANOXIC CRISIS Will! Pt i.~

- u - t  ‘ i - i  ncw ir is ’ ,  u- mi ming evmmlermcm tismt the <xz rmt5rJm~mrmcx?s m 1  tissmm m rmdusmU ;m ans I anoxia le,msling to
I s s I . m m  s ’,u t . mrit,x’o~~’ie , , im s l  eventua l mls - , mth i  rs~m be ru - l i t _ m i m i Ii, bisidiusnj cal al ,mrmot irmm lm ties with miecreased

us It im s uis , r i m - I  rmtmlm osphat_e (ATP ) pr~ iucLi s sm m , mm mi trxi’monriri-il d,atmuauje, rii~ i ms ~m -: ;  in rrimrè , rs m l m( - [ier’tmi_mal.mility , Lysomir’xna l
r r a ’ v t s m , m j m u - r ’U j m t i m i u is , ‘ m m l i  duimr m . msj m - m i m I  finally sIu ’,mt lu . Myocardial a l l  si u ’,ith is believed to occur wherm
mn tj,im -u ’ I  h m I , m t  API’ slrr~~t~ ims-hm ’

~mm 2.Otuitu les/qrarmm and the anaerci,iur mim_mtaboii stn of lime imudxiiuc’ h i u ’ ,ij ’t stofLu.
flu, - . m ii • .‘s mm t,jser m m : ;  cml AlP m m th u rr mmr r , rm m i i ,m i i s -m ,l l  sm m scUrs in mn,i h, iritisIri~~. It led laws that any attusmipt Ii,
im- q i S ) s ,s u -  I ]  u smim’/iv .ml sit i : ; u l i u m s s m u u  umnoxis ’ m t  S m ’s;  mr~~~L I inst  ret_ai ru s,r n u - s I m , m m ’  s , x m - j a t ,ivu - tAmouij,kmor’yi at iCI’i ifl

mu m I ‘ti m ’ mim iria.

I”m ,r a rs ~ ,ks 1 in—vitro ;yc lmms i nwnis ’l’it msj time rd_ate of -ii i isdimimnic cellular cat,ast,rqime a procedure was
mk ”im’lq seu i wtmermli’j r . m t  l j v - m  nuit i ,mm,uimondxm. u, is m h m i s - s I in 0. 1 M sucrose — 0.0005 M versene, are selectively
mIi~ je mu m . m t s ” i  Iuy ,ms ; .’i im s ; ‘m~~~sucr~x;u - ut 0 C . Sutmscm_;ueflt mi m cm ibat ismm m at ruth tisWierature with -u— ket rm_j lut_im.r . m t m u ,

;A m u i c j i , u t  u - buf fe t  m i m i  Mg in the mi sm-ri ’s, - s,l arkkmi ~ucleotisi- causes -i a_mmp ielm - loss of pFmsophorylaticzm
,m s I  i i i  ty .  ;tm ,m m i mm : ; of -i - u i i ous iruleculumu structures for lime wnam:sri,mtaon of oxrdat,ive ~kmos~1’mory Lation iuusier

II i-:. u- ’lc’ju -us u -rmul j vu - u,x,,,nusjj t i m , m m s ;  leti I m s  hit’ syntimu’s m a of the ;xulymie-r Ic, 5t it} ,j ms f ret: radical derivative at
‘), l’s — s i i } a ’ t s ,  j r ’ost.iy l5mrmmiin Ill called P(13~,. ‘Ibis bate catalyzed condensation preduct of the or ijirmul
r ; , ms i i s ’ m  is a tm tr mm m e r witim nmulecmmluim weight -1500 , has catpletely different physical dmummical pr~~-c rties

(iN, IR, NMP, FI R) f m-cu any s i t  the conventiormal pres taglandimmrm, a_mid has none of their chdractLsristsc
plm anmmacr sl smm ;mruml activitmm u:;. Witim ir i t .mrut , cxxmplu’mm l tni- t,odiondria 

~~
13x has no sIiscerTm ilsle etfect. Nor has

any appmmm’u ’ t m l . u’ f i u ct  Isu -m us m fm-mind on admthistrati,on of PGIIx lii normal animals . In this respect ~~~~ ~~~~~ tn
. m s : t  I mk m - - u connzytmm’t sirkiesi to a saturated enzynme symm tlsmm or a vitamin given to a nonnal healthy animal. WImeri

m i s t .  to mimi I s  xslmm,r m siria under degenerative azidi tiont the recovery cml phosui’morylat~1ce cf I i m smm ,simcy is dramatic -

5 1_mi I.urly wimen 1~~~1~ is a,briini:ute resi to an animal jim cardioqenic shock or one suffering cerel,rj l usunoxia
Ircium ui inmulmiced glc~ia1 isd’tusriia, the recovery was equally dramatic. (6)

‘11mm,- s-urves ii lustrsitmmd in I is;s . I and 4 represent the inorganic phosphate converted to ATP in a 20

mnsirmimts - mt- -sc tion t iirm_m after the preliminary degeneration run for the indicated tummi intervals . ‘L u s: control
rims w ithm i .uit P(

~
t
~ 

re~rsssented by the broken line, iii the ImmunDles of phosphate esterified directly. The solid
l i i m m -  (pat

~~
) represents the 1ksosphate (ssusrified with 1’~~~ minus the phosphate esterified in thus cx,mntrol

urmmle r the Samu ss,rmslitions. It is then evident that with no degeneration or degeneration up to S minutes

~~2I~ has no signit icarmt effect on the oxidative plmosj*morylation in the inLict mitechondria. As the
tnitscl mczidr i a is deqener am-ed fm-tin the 10 minutes react ion on, PGli,,~ ccmmnteracts the damaging u-f I ect and
phosphoryl-ut ion is rnaintainesi at nontul levels;. A s ink lar effect of 

~~
3x ~~ dmser,e~~with mitochondria

.asjeu t for 4 days at 0 G, except that deqeneratiorm takes place truch faster with the Mg catalyzed inactiv-
ation and P(~1,~ recovery becxium_is manifest more rapidly . Fig. 4 shcmmms the titration m ,l a degenerate systismi
wit Is increas ing axmcxmntrations of PC~~~. Kinetically the S shaped curve may it- interpreted as representative

of a mu ltip Lu - site activation of ml tochcndri a 1 phosphory latin by ~~~~~ In the range up to ~ m q/reaction
tim u ’ sits’:; mm” unfilled arid then’s is littlu’ or rio effect of Pt~~ cii 7~T? formation. Frumr m ~m g/ reaCtin on,
l ime trim uiuim smmd uial sihi,s are rapidly filled by P(~l~ and activity rapid ly readies a nnaxirmutrr . This type
nu:,,ct,jcgi is a lso kno...urm aim a tr iqqer rrschanisrn effect em- all or none reaction and m a characteristic of
switching or cxrmtrol kinet ics .

M,utI,W $5 A,Iu..ut’N. Ot
Mtu.d,ond,1.t Ph..plu..y,.uwa. Iv P01.

- - u,’ - , ,~ - , - u ’  ,s ‘-‘O-,’-’s ’~~
s - ,u - ’ ,~ utd..,N.vI.N,m.,.,ilt.,,m

Fig. 3. Conservation of Oxidative Fig. 4. Multiple Site Activation Kinetics
Ph~~phorylaUn in Itujenerating of Mitochondrial Phosphorylaticzi
Mi tothndria by P(

~
I
X 

Induond by PUi,~ in Degenerated
Mi todicndr i a



tus-actmns are car ried out in 2.Omnl of solution cLrmt_ainmi rmsj 0.]inl of 0.1 M phosphate buffer
~~t 7.4 , r). l 5tnl of 0. 2 M si—keto g lu tara te, 0.lmnl of .1 M Mq504 and 4ng of rnitodicrmdria
inicr it5,ited in a shaker bath at 2? C for the stipulated times for degeneration. At tim,’ end

s~ f the irmas:t iva tion period mixtures of ADP,AMI5, KCI and bovine crystalline albunin are
am Iulc’s i to botim cxxitrol and PGIIX oriitaininq reactions. Final amncentrations of reagents arcs
~~.O O u s M Mg~x)4, 0.045 M KCl, 0.005 M P04, 0.014 M si ketoglutar ate, 0.0023 M ADP, rj JJ(J 2 3 M
AMP and .07% albmznin in a final volusnie of 2.2  ml at pH 7.4. The reaction is terminated by
lime addition of 0.5m1 of cold 31’#, HC 1O4. The protein precipitate is centrifuged dcMrm mind
time m m mcsnqan ic jlmcxiphaus rusnaining irs thc- suIt:r-rmatant is analyzed by ttuasuring the absorbance
if time ssxtracttid jstmOSjIm yI’yiat,e (7 ). Conmcxsntrations of ATP, Aft’ mrms l /mjmjji in the nm_action

: sm x t m ,mr’- -m n’s determined by the h igh pressure liquid ch’mrammatogra~1my prcucm-durrs for rmuclmotides
(my :;hmuk ler ( 8).

It wusu 11mm-nm -t s ins: , cormelusively dusmms-mstr,mtj ’i ti’m m t  unslc’r cszm’iitj rts;; w h m i s h m  i,nmhiiim I’d  oxyrjenm uptake
-ami d s xir~s l u ’ m m s i y ( u l r s s s k u u i  the ATP synslJum’ :;is of mit_mx~hmonm1ria , P(2iXf4~:st~irsu i hot_i s ox5Js3usnm uptake and ATP

;yrm I l m - : , f i m  lu norma l levei:m. m m  studies with inhibitors and Ca cxinpetthq for phmosphorylsil mct m sites on
time miu tndmcsuslr ia, the u -f  feet r,f added mitodmondria was to direct the reaction tø,~ard synthesis of ATP
ars i incr’eu,u:si efficiermcy of phosphorylati cm-m. This (~ f f ~~s~ t , hawever, tses~,t:me evident only with damaged
tram I cm u±ms tm s iria. These f indings sugcjes tcsui the application sit P(23

~ to the pr-thlusrrs of survival Icmllo,uinmg
5; I u ’  is < is m-ur s m c:  ano,uc s:ri:;os in heart and brain.

With Pnuif . I- . T. Angelakos, an experimmsnmtal program was devised to evaluate the etter:I of P(~ u~ in thus
r’ :;tarat ,ion of isu:-,r t~ function m m  ttuzmkeys, after lethal periods of iscf m usni a and hypoxia hail rendered Iii’s
or-j am s j ntr,is:tals Is to the nest effective therapeutic procedures prevalent (9 ) .  This involved evaluation
cmi ssarsj j s ,’,~~~c-ujJ_ar recovery alter a period at ventricular fibrillati on in heart with a lef t ventricular
infarction Irs in a oraronary ligation. This insult was of such magnitude that recovery was at best s l i f f m s s r m i t
and a Im igh incidence of niertumlity the general finding. Ventricular fibrillation, which occurred
sjxmnm tarwommsly or was induced c-lecl.rically witimin 20 minutes after ligating the 15, 1 t descending coronary
uirtrsry, w,ms; xiitinued for specified tiimcs ranging I russ 4 to 24 minutes. Mt,er the specified t1mr~s ,
resuscitation procedure:; wu re mu tarted which cxzmsisted of intracardiac injection of riorupinophirine, cardiac
rmussa’jm- and electrical defibrillation. If electrical and contractile activity of the heart were reestablisimeui ,
the uronmle-y was ,mll~ ,ed to recover spentaneously. If the animal rssnainc-mi imu sisock norepinephrim’mo was
uifu-ue’ i in travenously until the animal attained a blood pressure over 40/20 nuts Jig or became refractory to
mmorepmnepkmrine ansi died. If the menkey recovered Iran the first 4 rrthmutmu fibrillation and became stable
lain a per 1_cd of 20 to 30 minutes, the rtormkey was subjected to time next higher fibrillation period of 6
niunutes . In this manner the monkeys were subjected sequentially to ep isodes of fibrillation of 4 , 6, 8,
1 2 ansI finally 24 minutes duration with 20—30 minute recovery pericri’; unit m l the animal died in shodc or
,rm r~cer;sfully survived the xnurse. The monkeys treated with P(

~
3x were injec ted with ln~ /Kg intraventricularly

ml 1 m m the norepiniephirine and it-fare electrical defibrillation. This prcx~~1ure applied to 32 monkeys (16
(x ntro]s) resulted in 60% survival of the controls and 100% survival of I’( I

~ 
treated animals after the

4 minute fibrillation . Only 25% of the controls but 88% of the P(
~

3
~ 

group survived the cm-rnulative
I ii ri ilation si 30 minutes - Five out of six of the P(

~
3x treated animals ~nd none of the controls survived

the 54 mi,nutj ’ cciumulative h u n  Ilationm run. The differences wore markedly significant statistically.

Wi t_km the successful n’ussYavu - r-y fran cardiogenic shock by P(23,,~ therapy we turned our attention to
irmdmtutnic anoxic episodes in brain . For this study an experimental zmmxiel was devised with rabbits during
a collaborative effort with Dr. P. Yal,,I,.m at the University of Pennsylvania. In brief the methodology
involved clair~~inq the two vertebral arteries and the insertion of ties around the two carotids whi le the
-immined was under halothanie anesthesia. Witim injections of Arfonad and titrated infusions of nore-
pineJi’irmrm (m the rabbit was maintainmed m m  a hypotensive state with hlood pressure at 85/55 mm 11g. With the
rablait  instrmjented to rsmu sord EEC, l-C ; and hlcxxil pressure, the animal was placed under Fxmi tive artificial
rums~siratiorm and the c,mnotid tim~ ; tigtmtenesi to produsx- orxrmplete glebal isdictnia. The EEC became flat
wili m i rm 35—45 meconds arid rusnained silent for 20 minutes. At the i-nd of this t ime 

~~~~ 
was injected into

li m s -  I~~.,,U-d rabbits and the carotid ties released in both treated and control animals . Blcmxi pressure was
ma irm l ,,m u m m -s i ins (moth u-jrus,ipm of animals by small infusions of norepinephirthe intravenously if necessary to
J’i’m :J s l , i m u -  smrminri a is cut of shock . The animaLs wore rrvejtnru-d unti l EEC activity and spontaneous respiratory
control ru- I mm r rmm- ’ J and the animals began to struggle against their restraints or until they died. P(EX was
sj ivrsns to the rabbits at him’- rate of 1mg/Eq every hour for the first 4 Imourim or until the rabbit was upright
and a icr t. Those rabbits that were alive after 48 hours were tented survivors . Canparisons of the
: ; ‘ m rvi-,uul:m r,f s y uj t r~~i and P(21x trusatmyl rabbits are sho,,nm in fig. 5.

vii , l u na r ii ti l m u , , , , , ,  mm l isps ,, II,.

S lu lulsi II nuls ss , i s l um s ,

tu nm.d 
1 -m u ; . 5. P(~! Effect on the Recx~fery (it

‘“‘
~
.“

~ Rab~ its f ran 20 minutes of
Certhral Isdiania.
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A ~m 
-

Time slala of t h u th—v mtr- o arid mn m— y m /u s :;I umm hme: ; mnr ;il m c - it s- j ”~ u~. in enmerujy tnsmtofer nncd’manmistti, across
h s i s s lms uj j c ~~1 mmisi&mranes. ‘the cls:m’-r~ mu] of fer - u: nnm.i sftmt Its explained on time basis s~ f sari, m .:us mlim r ic nrtintmran,e
si~t mt ’ srmrmsl t mrxsa i dianges s in ewsJ-m as the doping 5s f mi I ipqmrsmt i-mn :;u Im m m —cxziducts,n uyuuIJit m w i t h  a Ix~~erinisj sil

m j , t  mcji encrsj m eu; to punçm m lu -s :t rsti- ; m Is, a s,1m~i smc tmu , n s hand. Jkm.mover, time t ru ms - nautical prolmer t iou ; u s1
1’(1t1, aiud Ii’,- ins sijca tidz,s ~mf inteninimsliat&m sf labelled react isis:; suggest tim u - in volvemen t ‘if t’

~
tx as a

hr iu l m ; us bue t_ wuers e h,ms: t  norm transponl and [keni[Emsmry i-i t i u z m  nni mdmaninmntj. Altl-,ougkm ttmL- ttmi t_ujdma-mdrial reactiuxms
‘ b s  ns s s t  nm u-c u a:man m ly -le t irme al l lim us in—vivo of f u - u s l u ;  of P(1m t im , -  u- .usi l t offer ui rs~ mit- id mjn m gue .iJ4 snss ~Jsi; to
u mi mt m , i I s s i -  :,si r/m vs, l  ins dxJ-ldj tiormmt s,f j rr~,aj n-ed ~erfunmius-m ‘if ?~ -_ur I mu ’1 is n ai t s -

Thu cks:;er’/,,ut ir m nm t imum I the synsli surt i s - ~sratluct 1”1~~ m
~~~l-j  

h,u,s ,ir~ ‘:11,-c t i s -  m m  slarnkuuje’i mmmi tsmdmcrmm lnia or it - s
mm- /u -n , -mi moxis : pathology of Us- whole -mnmirna l suggested tii,ut P(

~
i
~ 

warm rep lacing ‘in by—passing -~ natural
u ry s u_ u t i tuent s~ t cell mnwin*,rarue imn~mortarmt in ti n, transfer ‘it biohuqmu:~ul energy. Ta inmvesti’jati - Iii:; point
nnitod-mcx-mdria l nmstt,rane proteins were -is-i ‘ii! i’d ~mrms t u~_u~I n,,s:ts,i into m :;‘,imsit umns ,sl - Eva~morat ia-u of tim,: solvent
ansi sepanatiu-Jm of time lip ids by molecular exs:J slmi cri ,uuui n u- ’,u-n:;s- J~ m~u_u u m- dmnsxus.ttoujra~km y y it -  lmkti a js r s ; tmms: I

wi tlm ti m -  ins—vi lrai prc4crtmcsm ~~~ ~ ~tionqitorylil isim rumsni ’/u ry, u~Y.s~~’[uI that s t tLxik 4 t iuutnm mu . ttiudm
ns,jter u - u i  a~, 

l-(~ u, Is, idm i ovu m the maitre i/rue I ‘A plwme[kium-y Lati cit-i nm- 5 m n ’  -n-j -

Ti mi s :;sim;ujes tuw1 t isat  in ins ’:ifm iermt pm i tliolou-;ical ciji uuj i tjcts:, a factor :;irnu lan to P(~i~ misjtit be no h u - -s;om l
f ruits sLitr~ uu;ou 1 tm :;cmi- arid ujmpmeur mm time urine . J55~ b ail liii:; kmy~isl ii ’-u.ms 20 liter :; 5 sf urine frsirs j sdt  i usr sl.S
:;s Im u-s i i_u1 ~~1 for kmeuir t :;siru;mmny worm’- processed Iisrceqf-m time dmrusnmatnmgra~kmy ~srcr esismrs - :; i s ir m ~um’ s 1ati am of min imum
I n’,. n-isl m c-il’ ; arid put- i ft ‘2-il i’ll of 

~~
3x ’ A l.rniunit 200 nnuicn-rigrar~ (s i  a rnmuyim mr ssh (aiti 11 msot p~ir~ ) w-i

_-; n,-sx,u sm-neul
usf s m u  ~ (mid pm s41mrt tea is lim iti ~al ti, P(i3~ irs (rAiser/ i ng Art’ itt deqenenali - rit A t ou-~mon’lri -m ( i t s ; . 6) -

‘llmu-aie stivhes [sn ur/m sle a n i l  m c,nmai tiumory for tim,-
sm ; , - 

~ t I u ~ n _u, in replaxsmrmrt t t lmu’r ap-J for thu~ iu;dm .mu mi c
cs,lluj,a,r s lmm nim s ; u -  t i m l su ,mnI ; iim i tm ra i tm m mm cs mn nu m s i s l im ing
tniyoCardiai u n m i  ,ins:t m ym armsl sms- n~~s n ,l v u m ; s s m i - i r  um’:ci shm m rst
ansi 5,1 fm- n a nm(!~ d[4sn’~_ us

~ fu,n the ‘- -in ky -let .rc-I lu sts of
syll ular s tatS,, ft in (im .nnanumm . This iii s- : ;j , -u ; i  ally i’ ,i.sihm hem
sintes- list, :;Izuctmjre at pu~ i~ ansi i ts; ns,,t sirol hj u; sl m n nmn mu j

* r,,smmsterjt,rt j m r s u t ;  i t:;el I tm, I t s ’ -  I smnustit m aim s s’,f ant uhssd; u- :m
4 v i i , • , m i m s h  li mu-ru-tor u - tim n u s t m s ,— mnn mr ,s msu-— - n;auiy pns u5 m i i s i r m - a . I t  m u m

• n’xj~~’sti ’i O il  h im : ; :;[A.s:m fi ’r fu s ~~ j ,n E~~ ly u iiijslumm l wi ll
— i,., . i, .. p , , u . u  li st f n u u  r ustic -i l s -r m rr -h ,, t, - : -I, m mhs ’ -’t will of f m - n  tim,-

I 
• -l u- I i r s i  t ‘iu: : ; t  nt :;:; u ,rss l j ;iiail :; su sm - jt m t . As m (xirimL’i 15 mm

• : cili liars sims- t i m ’ l 5 u
~~s m s t s l u m s -  s I mcul s l  [m r- n/ i - l u -  u - a r 1-,’ WarTi mes;

um ignsai: ; of utu~~en,miinmuj iu, a r l  ,,It .us±: sit m t  r u Aus ; ans i

I 

, ;. 
~~~~~ ~: 

-mis -, (YmrsI r’ul mr~~~i tuir I s
~ r
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SUMMA J/Y

Fair an H .5—m,,ruth pm- r i o t - I , a ll s sses (N=4/) re fer red to tim e USA? School cf Aerospace
Mu sh m m mm , -  f o r  u-va luat mon , s f  symicope , ve nt 1~t ss , ‘in si i z z it s u - ss  w,-r,- seen i s a  a stanmdat s i t  zm-u l

ms ym t s m u m t r i u r  m nte r-viu-w , menta l status exanminatioru , hyperventi lat ion experience , and
h i m -  I n s  mis . ‘ 1 w - n i t  y — s s t s u -  patients ru -j us i r t , rs i  that their symptoms of hyp t- rvm -ms l i lit ionswer e the -u _ urn,- as sin ver y s imi lar h u m  ti- ‘jr refu- r ,m n ss ’e symptoms . ‘rho f indirmgs from this

sm .thufroup sen, armalyzed at-md compared to a q r ’s uj s  of 31 control mm u hm j~ - u:tsu . I l i u m  study
r j r uss l p  n m - j s s r t  - s t  a treat deal ss i ssn , -  symf itoms a f te r  hy p e r v m - m s t i  lat insst  ( a s t s m - s r k l  1st was
s c u m - u i )  - Thtu’y Wet , :  muctu more apt to report j umis mmsaladjust nment , Isarerutdi coot lms ; I  - and
s(- pa r a t l s s t u  f rsmnt their fam ml moms , ‘uummo n mental status f inuiitts ;ss wm - nu- low self -u-steem ,
worry, t s~ - l p l u - m u m m m s u - m m m i , f uua rf u lnss- ss , susp iciousness , eva s ive— g uarmlesirsersm s , mci i  s s m io us n e s s ,

, mmu h J s ~~- r  I s - I  1 5 5 m m — o n . Their prominent unenutal -1 , - I s - t om ,-  mechanuisms iri s h lui ~msl h a i r s  I 100 ,
mii i u- li - - u u s s , l  izat l u s t s , and re hs r m-ss i sm n s _ Time s. s s m n s u • ll lniuh,-x and (a t tn - i l ’ s ](s II- showed
s i u j r s u l  j u s t rj us ssm j s h i f l u - r , - t s s m--; .

I nlTRoLmtJc’r 11mW

Sudden mni 0p.s t t u t  m u s t s  us I ai r s r ’ w is sir , ,,, he’I by all, lm -r h a f im i t i sm- 5rp m tome u,f this at-mat ,-r, , is i s - --

-“ st m s s m i  s ssm s t s u 5 s s  (l i st- ) , ‘;ru - ,it s- h fort is givu- ti ts, se Ie -s t 1’~m arid reterut I si tu of am n - n e w  without  ui - l -  s t  - ‘ ‘ i  / s m r u - s
- s  f u m i n u t i r m j .  If I/ mu s - - s i t ’ , thu- airmnan is grounded. Ito is r,- I , unrs, - s i  Is u  f ly ing u s , m i y aft ,-r t h l s s t s s s s ) l s

- t m  u s s u ’ .I m, t simly u n - i  ~m rmi y  m l  the ‘-‘is- n it wars s - l ea n l y  m -x j I a i sm umb le , ut s r m - l a t m --s i to fl y ing dut im-s , at im h ms,:, l
lii i i ku - ly  I’ m ru-s un .  u t  t -”~ 

isr y r s - - ; u u d t r s s t d i z z i t s m - m u m , , I i’~hmthc-adusdness , and v , r rt  m t ’ s i m m  s im i la r  - t t m - a l t h  mu;
I muslin- rat ive - W hi - w i l l;  us- I ly  w u s s i l d  f l y  w i t h  a 1si Is i t  opl f ’ s  su f fe r  f rom a seizure or s i t  son u - s t at m u s t s ?

We ,,t u hi,- Es t s s s s l  s i t  Au r sm,pas ;m - M , - s h ; , m n e  lSAl-1) have long be,-n itwar n- u hs ,u t such s ,,s,-m; s’ssnms ti t o t,- ,, f., ,
- ‘ - n s , ’ ss t~ ,- I.- s t s m s s  t r  -, 1 w’ rh  I s ,isl - A ftu5 r all , requl at iotus requ in ’- sy nss ; ui pm m cases to h u m- Va 1 uat u-d sut AM

l u - t a r , -  wa m ’ I u - r  w i l l  be con usiu hm-red , Dizziness , vert igo , and related symptoms at’- so commonl y s i t  Unuu , - t t u u s
m l  is iu su1y t hs , m t  most s t  u hs - s m - - u u ’ -  s f rom I hirs is us) hout  t isu ’  A i r  I -s i rc e are also refe r red  Is ,  a “ f i r m a !  u q s m s s m s u t s ”
( a f t u - r  SAM , t h y , -  is hardly attywherm- else to go) . The investi gators tasked SAM ’ - (li nui ca l i s , t  a l0- ;-’ t I u a - ~
t n  - l u  s u s s ~u ml ’ -  tim ’ - m l  s u i t  ts sum he r 5s f  r’aSes seers.

t tu- t .weum n Jun 1974 and Do’: 1976 , ~~,4 u ’ s individuals w s - r s -  umva lmuatesi an SAM for a w iuju- var i~ - t y  u, i  u - u - - r a t .
Afsproximately 2,1 1 / of Ilsu- m ; u -  had possibly aeromedically significant illnesses , while 382 (Wu- m t ‘ u s ?

~t s mut y  ants t l~~rmu’ r exatus j ni l m r ims : , )  were ‘-valuated because they v u- s m- mummnb u-rr,- s i  S} me( i a l  Si sidy I’ ’ip’ - (ra nt s ’
t ima t s ref -r r u - s t  f-m r su’ mJ u rs t m - s l  11 l t s ’ m s s )  . V u - n  I i s f u m , sli zz jrsm -mm s , I/ mm , ‘sr related co rmdm tions wu snu u i -i l ‘ u i  m u ;  514

s t  m anly i s .  0 f the lrsdi vis i sual s with possibly ,u m-rs smnm , -si i s~a ll y signi f mu:ant ‘ - m i i i  t ionms - iii I c  ,:,,so-s
t ri ms ) , arm ‘—I tril s s u ly ‘1  h s ,-r titans psychological sur m —mn u- ui  rm -mi ~ ss in s . b l m - ;  m ..e. , vasovaqal arud mictunit ium ,,  syt  - ‘u p ,- ,
vi n i l  lahyrinthit ims , all ‘ - n , s s s f s m r ic v u - n t  Pius , s - t s r . imsu t i r s  143 5:1,-s ( / 5 )  • l ii,- m l  

~‘ ‘l ’ ~ IY Was t I i u mU u f hs t  l’s i _ u ’

‘- itb s ,-r pm,ys ’hms i i s i ’~~isma l sir “uruknowru. -- Hy~serv m’-nt I lu i t ion was spec i f ica l ly  s s s s t m - s h  m r s  t m  - ,im ,’,- - -

1, - i  us smurnurnanize: Nearl y half (47%) st  t b s ’ - - a m m s - r s  of ix’ , vu- ri iq um , ii ZZ i m s u - s m -u , ansi s u - l a t m - s t  syru-p l oms
eva luat,’si ,,t SAM str u m t h u  m u sum’ ;c- u ;sms- , ms u-s  of s—i then emotional fac t  s ins - s n - s  I m u-s -lm an i m, mnr w,- cann,’mt exp lain  -

‘rl’m,-rs. ’ m m ne xp lsi I nu-s h s - s i n s - i  m u  tons n ‘- n i i t  i t s - f r ”  ~ I losses of ira i t s u - s  I and e x p e r t  m o s s  u -s t  -‘ I r- t s-w s m u s ”  they m ruv. s n —
iahly are rjrounmdesi .

This nu - ,,ljzatl’sts led t im ,: i nvestigators I s  desi gn a ccs ntrol  led study  to try l’s i s i ,’ t i t  m i y  itu~~ ls m sy m h ss s—
social las I’m -; , ,-ms t ional arousal , and hyperventilation might contribute Ins smase - ; si I nonutras i nsat i s  lass of
consr ;m ’ su ls rm o,ss  (s I r , ’;’) and d lzz its ess /ver t igo seen a t, SAM . We hoped that nmsmru- ,,s s s u r , u l , -  d ia ’j t ms is t  m s - n  i i s - n i a
s:om, l d be slu ,,- 1 s spm- s I for use wi th ai mc t m-w -

Fainting, d i -z m i n , u - s s , and vertigo s u r u m  ru- lat ively benign conditions w i t b m m r s  the s i v i l i a n m  t ’ sm l u u i i , u t i s )n ,
seldom s m a s u m i  m sq such m m - v a i n , -  job  ‘i i  sab i Ii ty ,u r, in performance of air s m u -w slut i ’ - .-m . 5 ‘onsequcrit I y , • -V ,’ t l  t I s ’
timey are common , t hes e fuave ns s t s irawn extensive attention from scientists. In most medical - in ’- fas:uI-
it i u-mi , a sl’;rm I fi,:ant percentage of fearful s in  anxious patients who s,-s-k 1 mm- I j i t s  var iou s s I i  n i ’ s , h i m - i  ieve
itumy have serm sssms r :arsilovascular , s t - m i t  ral rs ’mrvous system , or other diseases; but in ,- f oun d a f t  u - ,  ,u i m - u ; s m a t

‘ , t  tidy to have subtle • su m sis -I ,- umted hyt u-rvent I 1st ion (Lazarus , I) - Some of these pat i.-nts is ,- s s stu uu - su -v ,-n~- ly
I ocaj asitated , hut t im’ s - m u s t  ional fui, t s s r s  are missed (even w i t h  psychia t r ic  ,-v ,,luat s i n s m u smus ~- S lees )

Omi r ai r s .rew arc  trained i t t  a l t i tude physiology and are taught time e l f , - s - t ~~ of hyperv entml at in s ’i, l ull

few reali ze thur process can be so subtle that it goes unrecognized as Its ,- cause of symptoms , s s t t e ri,
I h i m-tm- is a Isredishuosins; f a s t n s r  whir:h throws the I s a t i m - m i t  o f f  s’s ss,u ru mm- when he trtu -s I uu explain his syml~t simS’s

i, ’-~ , his father died ~~t a heart ; u t t a r m k  so his shortness s i t  breath and strange symptoms must hi ,- r elat u ’sl ,
lie is,nlieves , tns his own “u s l r u s u s a n ’ ,n artery disease. ”

Tt s u scieru t if lc  l i t u - r a t s u u -  o f f e rs  some idea of the prevalence 551  synt ope in various m s i t s , a t m u s t s r s ,

CalIau;han (2)  r , - 1s s u r t u ’ d  that 4 . 5 %  of blood donors faint. Lamb (3) mailed anrsnymous questionnaires I s  Air
F’s r s , -  ii ru rurw , and about 20% ‘uf the respondent mu reported at least one eplosmu lu- ‘if N’I’I/X. In a ru-view of



A l

H’) i,m — f 1 injh t u ,, - m - l u -n i t  s s t  ummidden inurapacitat ion smve r a £— y e an period, Raymmun (4
’ 5) report rn’S I tuat hi m had

N’I’hIx . Three wu ’ r ,- ‘iiaquuosesi as vasovas;al syncope or h force int ,s ieran uc u~,

Kru’j lu’ (Ii , 7) tmar~ deui,riheml :su-v ,-ta l  mechanisms that may eventuate in WC . Of ten  the f a i n t  ‘us ’ ,u r s
when arm inmilv i dual is au t s u , i l ly fearfu l  ‘mr anuxi,,us but highly val uu-s “s-on mo l”  anud “stre nsqt h” — — a  ni-un-I I n s
rnanut, -rm t “bravery ” wh,-r, he does not have his “heart ” in it, Sympathet i s :  auton iomim- ar,musai ocs-urs als,nq
w mt h m u m n s n - mo us du- ,u ial  of threat. Eventually, the sinu’ Ufl t stances become too overbear ingm tim.’ individual
“sj lvu-s m m ” m d  parasympathetic autonomism arousal develops abtuptly with hs-ripher5l vasod ilatatuust , and
bradyc irdia , and consequentl y, reduced n .- ,- u- ebrai blood flow and s y m m s m n u l s u - , Sm4nt- itud ividu als an.- said l ’ s
h ay,- a narcissist mc ovent’mstmm :ern with bodil y harm .

(
~raham (ml) ‘l,-s,-r ihumd t ime faint ass a di phum~~ic phys iological response to a di phasic !iSy m b u u s i n s ’ t m s : d l

sta le.  The f i r s t  phase is the autonomim: nervous system response to anxi ety; the secorud phauiu’ is  chuitas :-
terizesl by a sudden trmli ef from anxiety, with deu-reased sympathetic discharge stud vasodilatation.

Some psys -b ioloqical test data are available frcct the Minnesota Multiphasic Personality Inventory
(Mf1l’l). Rut-tz (9) found that blood donors with syncepe , compared to bloomS donors without syn’- ’ s Isu ’ , ( mad
s i s t r u i t i c a n t l y  higher depression arid hypochondriacal scores. Schmidt (10) in a similar study tm su t sd
faint m- rs to ls , higher on all scales than nomufainters , but still within normal range.

A nunukser m s f  investigators have suggested that NTIJJ(’ is a multivariant phenomenon with van i su m is
mechanisms working synergist ical ly (7 , Ii , 12 , 13 , 14), Hyperventilation has been shown tim decrease
su- tebral blood flow by ass much as 40% (14). This defis.:it may contribute to or au:tua lly provoke an ~‘l sm
sode of LOu iii combination w i t h  other factors , such as Orthuustatic hypotension , hypusqlycemia , mjcturitir,n
‘st vasovaga I I nf l uens-.- - 1 tu,:reased resp iratory rate and depth is an expected response to fearfulness.

SUMMARY OF METh OD

A ll ass-s s utm ~h, ’ t s j m s  inn; IJSAI-’SAM u-va luation fssn syncope , dizzi ness, arid vent; ps over an 8. 5—mon th
1s,- rjod were sm ’s- is f s s t  ~ms y u -hu ia t n iu - evaluation by one of the 1w ,, investigators. A standardized ~et of dat a
was co l lm- u,-t,ed on each , incluusiing:

1. s :liri ical int erv iu-w focusing on the ininediate psychiatric history Isrior to the reference synuptoma ;
t s a mu t  history with special attention to anniversary dates and objunu t lossesu and investigation of events
imesiiately Js r n’u c’Iinq and following the episode (physical amid psychosocial),

.i, ;lantdardized mental status examination.
I , Ratirm q of attitude present during interview .
4. Bating of a f i s - s ’ t  present during interview .
‘s , Rating ml mental defense mechanisms.
6 . Rating s mf character traits.
7, Rating of thought content at tim e of reference symptoms .
-I . Psyciuometrim :ni , int - Im idin g catte li’ s 16 I’F , Cornell Index , Revised Willoughby Questionnaire , Fear

I nmveuutory .
9. llyperventliatlon experience of 60 deep breaths in one minute and a symptoms checklist.

For a l l  sy rms’s mpe patients , the- (ISA? School of Aerospace Medicine workup (in addition to the psych-
iatric evaluation) includes a complete physical examination with routine specialty examinations in
lntu -rnal medicine , FIST, ophthalmology, neurology , and other specialties as indicated. Laboratory tests
include routine chest x—ray,  KUB , skull series , a resting ECO , complete blood count , electrolytes ,
r-alr: lum , phosphorous , VDRL , liver function studies , sedimentation rate , serum lipids , and urinalysis.
Also performed on eau:tu patient are a (h it test , cardiovascular stress testing , a brain scan , and routine
and sleep-deprived EE(,’s.

In addition to flue identified study—group patients , a group of control subjects was similarly
evaluated . These patients were random ly selected individuals referresi to USAFSAJI with possibly aero-
medically significant disorders , excluding I/IC, vertigo, dizziness , and any known psychiatric condit ion,

RKSU1JI~S

A total of 47 study-group and 31 control-group subjects were evaluated. The results presented here
will be limited to only 21 subjects (the “study group”) who reported , after hyperventilating , that those
symptoms were either very similar or identical to their reference symptoms. This includes patients with
symptoms of syncope , dizzin ess , or vertigo. Their findings are compared to the control—group subjects.
In no case did medical evaluation provide a clear explanation for the reference symptoms . Neurological
exams on all patients were normal.

Background. None of the control subjects reported any in-flight episodes related to their reference
synijutosus , but 30% of the stud y group did so. Death of loved ones is a coemnon history from patients with
psychogenic hyperventilation and death anxiety, and higher percentages of the study group than the
-ontrols (Tmble I) reported actual and/or threatened object loss, sepa ration from famil y, and anniversary
distress related to such losses in the two months before the episode. However , separation from family
was the only item significantly differe nt (p < .05). Interestingly ,  at least one object loss any time
‘luri ng life ocumurred in 22 (71%) of the controls but iii on ly 10 (48%) of the study group. This dif-
ference was not statistically significant end may only be a f unction of age , since the controls were
soruewhat older and would have naturally lost more lov.d ones. Guilt over an extramarital sexual relation-
shi p was noted in 5% of the hypervent ilators , but in none of the controls,
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TABLE I .  s ’ONDIT lOll A’S’ sjN:;t-~’V 1w; thi ru ~ months I

vs-mi t t 1st  sins S ‘it st nu slnm S ju
Act s,,) oh ju -s : l  loss hIs 32
‘~ I ts’a t u’t m ,-s l s i ts js -u :t loss usl 42

m m ) s u l it t ’ s l i  from w lf e/ fa mt s i l y  45 17 05
Arunlv et’s,,,’~ da te 14 10
Ext ra mar ita l  ru-lations 5 5,

I b s u -  ( ‘ m i s  1 1 , 1  1’ s , - s , s e mim- n- , ,s, - s ) u:s s t i s iderable (‘Fable II) - ‘(‘he study qrns- i j ’  repor I u’sl far gm -at u-n “ f e a r f ul  ;iu’s’u , --
‘‘I t s ’ 5 t~~ t u n ,” m m -; ‘‘ i , ’m ,l rt’ ls ,t - I ; - u t s ’ (C .  “ ‘ ‘ s i t  s’iis t s ) s ’ r l  ‘‘‘I f~ n ‘fl’- ,, l u - S  ‘‘ stati sfs, - S ; ‘ s m s .  “ ‘Iii,- s , V s - i  -‘ t m-  ‘ t m -

I t , , -  lw ’  s ( r u s s q m s t  v a ns  u - - I
’ W I  I t s  C s s ,s t  rois bu- i t i s t  older I ~5. ~, vs .  25 .5 years , I- .011 . I b s m -  ts i ,mk u h i s s t n i i s s m u  l u s t ;

Sm - m ull ’ ‘ i s - I  s; ’t nsl f l s um rul ly tsm wsmd h i ; - ~ hsu ’ z ssm skss IsiS - m is s ’ t n u l s  (p - . l s S )  - II,.- a is pamn-nut  ls- :k s i t  s u m - u- m i s wit h ,

I u - u , ! ‘sri arid t b , ,  s,-s ss , e u ,t )ssh f n s m s l  t a t  t n t , , t u - a t fu lt i , ’smm , - iu- ’; i ze  t s r  5 b i ns - t m- • a rm ’ S d.-m;mu-e s i t  ( m O  mi t r,-s,m , sen-sm ,
umlt nt i l i  ly u - I, ! u - - i  -

I!s tlli, I I - F’EEL J (10 ABOUT JOB A’I’ ’FI ME ’mF F!’ I

I I ,y,jsn- u vu-ms I i L,t s imm S I s m i t r s s l S  u
- u - s I h s m l  4 10

E u - i t  I u l  III 4 .01
l - r u j - ~ t n _ m n  s - i  0, _ 01
I s ’ s ;  t u s h  - 0-i n j ’ -  4 1  m , .01
- m u ; s t s , - - i  57 94 .01
N, s u u . , j  14 1

- i t -  ‘- ‘ :1ni w n - t ’ -  a,! u — - i  f,r - s i ,  - t m  ms - ,5 s i tu  a ss:.,l,- f r o m  1 (nssmus -) 5 - , 5 ( ‘ s u m ’,’ , m m ) - U’s,,,- - ,l I i ,  s s t u  I rui ls
w e - r u— r u t  -- i ‘5 b ’ ,e’/ ,-u, ’  I s ,, u teSs _ ,) - u t s u i  ‘ .n s l y  lii w u- s u -  us , ! n — - i  4 ( s s s s u -  h i )  - ‘l bs ’  5! sd 1 5 3 r ’ s s u ) _  r u t  m I s ’ j  w , ’ u u’  14% , m s s l
I,’ , r’’ - - t - s ‘ - I m - is  - I (S -

:;imi I,, d e - u u - r r t m i r m a t m s s r s m u  W , ’ r u -  tnsaslu, f s ,t ml  r,-s,t m i , - s s s s s - i , , n - 1  I ’ m  t u - 1 a t i u ~ s ssuii jss with; wi l’s , ‘- b s ; j n i r u ’ m , , a rs d
; u t ~ — i s t S .  ‘Fl u t ’’ ws -r ’ - nu n s up; sur m - s s ! d m 1 1  ‘ mn - n , ’  cmi lu st w I l e  atmu l s ) m i l s i n , - r ; , h i s t  2 / ,  u t  I ) , m -  m, u s is i-/ -~ , - s i ; ~ , u u s I l s p , s u - d
I n ,  u sruly : u , ,t u I , , ’ s , , s s  t n s ,ls , w m - s u -  ratesh t s l ’ j lm ( 1 , 4 , ‘mm 5) f ’ s ,  s I t u ’ mis nu.rj ars’li m i )  t b m m - i n  )~ iu u - n i I S . I- is Is
s i b ) u s  S sm ,- , ,s , in , -uS I ’ m  n ,ms k s ,;; ,i m s s ,I,- I r’,m i (IsOt ) - r u s u s r i t  ) s’s ‘u (‘i-ny ~~I t s i t i s ~~, a ltns ist ‘ m i s t  ssf s u s s , t I ’ s I  I I b i s - s r
m f f s  ! at I; Is ; , s f  s _ s S n - I  s it t I m , ’  , m p l m _ s _ u i u - , i m s - : i ; i s i u u s - j  ‘m n s - 5u- — r , r u- s n - I s  l su s n — Is t , is’lsrm’s, m , u it s , I u - . , , , b s s ’ 1 J s l ~~~. : _ i  a ’ ’ ,

.,5;s ’ im- l y, s l u t  m u ,, , I t  s i — I  t m !  I s u t s , ,, r s s l  W ’ ,r ry .  ‘l b s ,  m s t s u s l ’1 ‘ t r s ’isJ(s ,u; pu’ _, s n - - i  f t - s i m s t15.- n m s m , s m } t s  ~~ h ay,- ti m u m s S l i ’ I b s I 1/
m s s s i t u ’  “ - h u - ( n u - - m ; s-u i ” than, I b s u -  ‘ s i m s  t n s s l  q r u i s m 1 ,  

~l 
.Q5 ) ‘l’henu- was arm s , v n- t , , 1  ems,t s ’ s - i l u t - m u ’ ,,, t a p;ss ,ru ’ usu mu,

Ibm,- itt s i u b - /  - I n s i s t -  w t t h  tnmanuy Incur ,’ It  bs,ins ‘s m , ! I ( S )  s u 0 _ s u n t  i t m ’4 u-t i-st  iu i r s _’s I is- u t wi-re 4 v n - s ’y ins! n-mi s s - )  • sun 5 iu-ry
n s s n s ’ ( ,  ,ulmui st  - m l  - 1  s u i t s  t n - s i )  - ‘(‘ (m u- - h s r u - m , e t s s u -  of ) s u - l p l m s m m sssin-sm s ams si W n’s r u , was s u ’ j t u i t ; s  s t s t ly s t ; n , s , insiu ,, ,u ing

- ,lm5 ~ , ‘ I t s , -  m i t  sud y ‘ S n a i l -  t n - I _ u _ S t e s t  ‘m ( m s  s i t u - I’ lass - ,f m; , —l f—s mut s-n—m s S~ , - .10), wit Is I St ~~~~ u m n i s (  “ n m - - i - i - u - - I
-, sjm s-at s O - i l  - ‘ s-s m m g-m u s--b Is s 05. ‘-f thu.- 5 5 s r s t  t - irs .

l b  , ‘ - t ’ -  was s, f am i l y  b s ; m ; t s s s ’ ,s s t  f a i s s t  it;9 in;  05. ‘ 1  I mu- s l u s h y - ( t i m ; ,i r s s l  7% s u f  t he  s ’ ; m s t  u u s l ~~ • I u s  ‘,‘ t s s ’ s ; ’ d t
s’/m (stoiuss W i- ru -  u m - ~~u~~~! u’s i by 4 % ‘ m l  tb n- S, S s m - l y  -t roup and I Is s it’ S Is ’ -  cuss ! y s s ) s s  (p ‘ .s s ’s )  . I~~ - , n t  moru’ ~‘i~m m ’ s ’

m ; ’ /5 s 3 I s i t ,, Is a - I  ss , :n s mu n m - - i  ni h l t  s f  t im,’ s t udy  siroup sri’ 1 It s d  I bi s -  s s s t s t  t s s l _s. Its ‘—a-: h gm na s,up ,  Is s u  n u - ( - s .u l u—ut
p n s - V I s s m i s  pm;-,s u ’ t s t s u r m s - u - X ; , u - t  us - , , ’  m m, .

I m/um tu l m I , ss, tm esi l , , u n - Ij  ( m u - h - u s -  s r ; m s , - t  , Is nearly s - ’ ~ s i u l nuimber s i t  n - a m b u ’;rsis m (~ , 4 It s i t  mi t  usly ‘l’’ ’~~l 
-u n - i  4 ’ .

I s ’ s lut , Is ~us i  ats  - u n t ‘ - - ‘ - s i n - , , ! t l ; y m i ; u :ai i l  l t s ’ - m ,s ;  .,r’ud 24 % u-m;ssI h i t , r s s s p s ’ s : t ive - l y ,  ti ,,’1 b s , i - h -, m nm, ’ s i mc a l ) -  u , , - ; , , ,

‘ 5 1  s s i 5 5 s u -  k Irud (‘ratslu’ II nI . Wi-m m ) ’ -  4 1% s ; f  t ime St Sudy 5) I ’ s i i ) s  felt unablu- t s , s,”t , ‘m m i i  y i t  5,1 t t l i - s s s ~~I t’0

pm- ru-n-  ; ,u~ui I h i s  
~l- - .0 1 ) ,  S m u t l s i  I ic ,it st ly ms ,’ r u — u s  I I bue study g u s s s O  I l4t m tt sam s tb ; , - s s s r ,I t ’slS lms nmr;m ’; - n ) u s

1. - t im -ed pa itm If s - _ O’ m )  - ‘/ 5 — 5 ( 5 - I  at i - i’ -  symptoms w ; I b u m a wmmn- ~ s t  I tue u - J ~~1 m i s , - is ’  u n , -  p t , —m ; , - tm t  sn’S m r s  l u l l’ — IV .
s’ s s ssu ls l  Is’ ’ s - x p ) a ; m s s - s i  buy l b  ,n- ,,i; I s- s u - s t u ’ m s t  II Inses s s— -’s l u - ) s ss  ted.

TABLE III. IMMEDIATE tilt-il l - - IIEF” st ’t’ .

Ilium’! V u - m i t  1 1  ,uI’s, m, 5 s ’s s r s t  ru i ls  t i’
A l i t  ,-u m: ’ is ’ , ,t  j s b s y m i m c i l  i ll t sn - ss, 45 4 ’i
Ms--tm , ’ , ) sr si’ s-slur,- /4 h I

Pain 14 0 Is ’,
l’1 bs t  of blo’id , i ns ) ury
Isi s? il -m t b sst s ) _ ,  7

Fantasy usf mutt lat s its 14 7 - 1s t
I’,’ rs u t ved I ,iabl 1 ity to -,s I 4 5 7 .5)1

I’rol ‘smi ’j ” ) res :s mm nb s u m m l s -y 10 0 .10
l’ri’ s r alcohol use S I)

P r i s m r  drug u s,’ Its 0 . 10

‘FABLE IV . VEGETATIV E YM S “ l s st’F (N W EEF PRIOR ‘(‘0 EPISODE

t tyj .ervettt i l s t s s m m  s c _~~~~~~~t j
~~:1 u- tm - p  n , ’ mm l  less ,‘4 11,

Ear l y A . M .  siwaks’nm ln’ ( ‘5 19
I s s u s u i , l u m  fall i nss J  sslm—e j l u  10
Nightm a t  n-s m 0
Apprmt It ,- des-n u’~~u tmn-l 1’s 5 .10
t9iarr luea 5 0
Namjsca/vomlt;,m sj 19 0 .05
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- 011 . .‘, i m n , ( Ia t  , m l  s u s ’ ( m s  ‘ ,( l b
5 , 5 5 5, 5 ,  t l s u t l s r it  s h I l l , -  I s - m i s .-,, . II,.-,.- wa_—s -u ! l u - n , ’ )  I n  S b , ,  ( / J a ’ m v u - I m l IIa t l s, t u I , , u; I,, ist~

a! , - s i  mm , t m — n — I t l m ’ (  u s i l s t . — ’ ( s s )  ity _ l b s , - ’ ’ , ,  I r u ,l s w , - r s  ‘ i ’ m . —  s I !  - 5 ;  ! Ii,,! II a - s ,ts ms l’ / - l , s , su ; ,  I b s , , s m s  ~b , u I b ;a’i , ‘‘ u;.) t~~
_ ’

;s l  I ,uI  m - ’’ s f 1 - ’  I (p ‘ . 1 s t ) .

‘l b s  t s - s ’ ’, I 14 ‘‘ m,,et’m t a l  sh, m(, m ,,s,’ I s ’ s s b ; , ,  I , ;sm,’s ’’ n ,,t i—-h  du I t  u — n u ’n~ t i ,iI s i b  II ‘ ‘h t ml ’ ’ m 5 ’ ) ~ - s I u s ,  (I’ ‘ m i i i
‘ — I l , - - - ! ,  u _ i l  m - ,umt m i s ,  

~ 
— 1,1 ) ,  a n s i t~~s ; s t u — m i  m i m ’ ; s s  ( j s  - ‘ .55 ’,) , w i t ) ,  I I  l, - m, ! sm . 1Y 1 t 5555 ) I b s ’ s ’ m’ ~~b s t  5 ’ , ‘ i s , . -  l b  s,-s ,s-

t I , , , ,’ , , , ,  l i ’ ; )’,. : u ~ ’ieI~~ s ,  I 14 ‘‘ , ‘ b s ,ut ,,s.I ,- l t , a ; I s , ’’ w , m t , -  s , i ’ j t , m f ; s  ,,r,t l y d i i  I u — t u - , , t  ‘. mis u ,, ;_ u _ - i s , ,  us 
~I’ 

. 0 m b

s - v a ’s ;  ‘ i e — u j s m i m t s i m m s l  (p “ .1)1 ), ,ss,— t ;s - s ul s i sm s, (p ‘ .01 I , p u -u  I n — -I i r s t m i s , t  t s  (p .01), 1 ,51, - -  m s , I v ,—  ( p ‘ sm ’,)
s i t  V . -  ( p - ‘ 5 ) 5 5 ) ) ,  ,,s,’ i ; m m t  ‘ - s - i _ - s t  u — s I  (p , l ) m s l )  , all ‘In-s r mpl iv.-  s _ I I hi.-  ut  ss~ly -~ p s s 5 , atun l s , , , !  5 s s s , l  s ’ , I r s

‘ml v,.t m, -,l,l s ’ s _ ,  u s — l a t  — s I I- s I )  m i s s ,  1,1 s u , r s I  um l , t  , WdS m ,s it p t t m , t t t g  I’ , l b s .  I 5 m V i - ’_ , I  s Isi I ‘ , IS , l ui t m l y  I w m i  s i t
21 r ,.u ‘ - ‘ I  S I ’ I s i , ,  -i t,,’ , t n s , ; tma t e d  b,s — I W e s s l i  groups . ‘li me I syp s ’  ,‘v,-nt l l , ,t s, rs ,  w m - , , -  f a r  I s i u , l s -  “ t , ’ S . - ’  mmi i vn ’ ’’ (I’ - - l ’s)

ss ,l u.n s- -I ’’ (~m _ 5 )  I) S bmst t u s - s r i t  t u , L s ,  - Fmsstu’J ltcm~ -.mb, s ’ Ii We n’~~(,u-u S u ul  1, s  s -bu s t mu ’S ‘‘n ip’ Ibm , ,- St misSy s~ t ’ ’ u ) -
ms/n t ,- s - imsun , i , ’ t , - , m , , l m, s t  s i l l s  s (su, ’u 1mSs ,’ 1,,- ,, ; ‘ t n u s u s ‘~u ;ssi I mI , m s wit h 1-,s, ,,, ,iu,- , ,tt i , losS ‘ml  u u ~ s~ n s u , )  , h i u - l ; ,i, ’ ,,mmrs , -m ,_’,,

‘sl s s b ;~ b m s s h ; a m s  s _ i s  I sm ,, l l y l ’ it suf t,yi m,’t V u ’ l s t  l a t u s t , s  Imad n - i t  b ,,-r ‘‘ -‘,l u - j O n ’’ s t  ‘ rn,; I d ”  l , l is i ls ids,  wiui 1.- t l i , - ’ s s m , t  ,u , is ,
bt ~~si 5 , s , ; s ’ , l i s t  this was, Is s, t s m - p u l l  t ,-a,,I I’, ‘l i f t ’ u - s s - s i t (p ‘ IIn . ‘ l b s t n m s -  item s s m , , , -  u u s s t  - ‘) s , i u , u’  I s - I  151 m ’  ml

i’ ’ t - ~ t ’ ,s m ; s , m u s m ; s - m d.m l I s h u - sit I - m n, , 1,1,-as’ s ;  I t u t  ,—t ,,5 s ’ ,- , atud l , m z s i t r s —  t h u s , , ’

II j j u - r s / - - m s  ! l i s t  i - ,m i  :~yss,1,t sss l i m , . ‘( aOl , -  V I I  m i b m ’ u w, ,  ( I,,, n , -m , i u  I t  ms t s , r  hsu ,t I, -jt ss su 1 mSm ru-m m ’ ill i tt sj  I r u s t s  1 — t ts i ,m ul  e l
I ; u - _u ’iy b u s  , n ! ( m u , , - 5 a t  I I ; ,-  t a t ,  ‘,t nine i,r , - a t i s  (s C t  m,,’, - s, rm si . s i m m  mt 17 i tems w , - r n -  s i ’ j m m m f m ,  a m s t , iy  d i t t  i - I s - I s  I , w i l l s  5

l b s . -  51 i is iy  ‘ ( t ’ s i l j s :, b u - u w I t m g  t b,, S s y s s s p t u s l l s  more c-oiuuuwmnl y I ls s s m  n.h.- 5 s m m s t  t u i l  ‘ t t ’ u s i ~~~. M’ ,s,I m u;;;. u—mi ’ s ;’,’’ , S I,, lmyls umn
- i u ’ s s m I s , t  m s - Is Is ’ s m j  Very m - s’smnnsm ttIy t i - Is ’ ’ t I e - - b  three sylss pt uu , s s , , — — t i t s ’ t l m 5,9 ’ s  1’ t ime su m mi ts ,,s,’l t,-,’t , ‘1; rz I I s , - ,s m, , a s s ’ I
I !‘ j b I b , u - s ,s i ,- - ) s s s - ’,s ’s ( 1~ ’mts— I I,,,r, Ib t ,S ( ‘ m l ‘-s- b , ) ; ( , su l  on l y  li lt s t  Ib , , - - ’u ,~ s t  s u s l s ,  ueps ~ i t’ d I i~lb l I t s u _ a , S e u S m s , .,rs_ ’s, and much,
) s - m , m s  I r~ - ’) l ~ -I~ I b y t ’ - ) s s m  nI , -s5 I(si- ’s  I b , , m l  1w’ , symns p t smnns  - S l i s’s I  luCtn , w t si , ’ts ;s a , e lat ive ly  comm,monu Symptumils s i  t Is,’

~~S’/ ’  t l s s ’t u s l t u ’ ls ,~ ss ’  t ’ , s - t s t m I s t  I- i l ;  ,insu l s I s a l  hi , , m s x l u - t  7 usyt,drs,mu’ , was li st I’,),;, a l  fs ,j  s - I t  hin t ‘ 5 1 - u ; . 5/ ts ’ ’ ,;’~~ I /
I -’~~ ”/  n m u st s , i l 5 , 1 5 5 5 1 s t ‘ s t ’ s , 5  w , ’t , -  u . . l ,s ,n t  c i  imy ‘m / t  it I hue l~y~m ’-nv s’rmI I l u -ut l ’ s t s  q t - s s m t  ans i n m , u ms u - ’mf t I s u ,  ‘ “ m i m I  i s ) , -
‘ ;s s u,I ,,,u. s i m m , I y ,  l i st,- , - 15 1  itm mtt s wimo had l,,’,-s, r , ’ t , m t t u - u t  I s ,  hAM t u , r  evaluation ‘if “ v s - t I  i sp l ” sir “ s I l - t-ims , , - n -m ,,,”
‘itud I m 5,’ st m m - u s l  m, ru ’ t n ’ ,  5 • i  I m u t  

~‘y’~’”’l-” . I s ’ p s s r t e s l  the syflmp tnanms of Isy; .- t  V , - s s l  l i s t  l s s m u  w .’u,’ ‘‘ (Itt -’ 555 ,555
5 as I bin,

u/ S s i ; t u s l s s m ,  “i f  tI lt- ’ ; r m l  lust ’ s , , , ‘l’b,e t u - t n m s - u u m s m m s ’ 5  I I ‘s t  s us l ’ /  ‘ ‘j,s, sm p Isat l s’ m s l  ~~, Wht e-n s 5 , l ,— m , l u s s m , , - u j  ,, jm,, ;mI mimi I,,, i t tn-mi ,
r u -p. s t I,”i I ts” symptoms were “very sOn; lsr ” s r “I he ,,u - ,mssu - ,

TABLE V II

sj m~j ml ,,nu,s, t ’j1s.’ n V e - l m I  i 1st’,,,, 5. l ’ m t m t  r ms l s 
-

‘I’ u t s ’t l  i ns ’ )  s i t  b,si ts ’ ism snsd / u ,u  t,’,-t ‘l’ s ts ’~ .01
“‘Flit s kbmu ’~~’h,’d ’ 4 1 i’s
I s m ,‘,‘s r  i ,‘ msl “-1 24 10
S l s s s i l s l u -  I s ,  th ink  ‘ Is ’s :  l y 15 1 1  .05
D1,,ziusen , s I t t , 51 .51 ’s

I n  ‘j lu I (i,- ,,’l,’’i 5j ~ , I ll
l a m  ts ’u in  - Imeut l 5)

5mumu - .u ui y 19 10
Nauseate d 24
W ,-a lsns ” , u ’.s i n s  a rms or legs 48 1 1 .01
t s l s , n r , - ’ l  v i s i ts 4t h 1 , 1  .05
t ’ i s t , m s , -  I vlsi on i’S I lu
FaI nt 38 it , .Ini

‘ ml , j m - s - t  ri see-JIm smal ler Ini 0 .15)
,‘ssut ,’iut seem dIstant 14 i t

Feel apart f rons rea l i t y  ( s; ss .-‘i smut) 40 1 1  .05
II,-su-ha ’ tm ,’ 14 10
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I’ m ,ys: bt m mmsut - !  ~~~~~ ‘ l ’ bsu -  ‘ s s t s , m - l  1 Irss lm,x uitudy—’( rs i ’s ;  u - u i ’ ’  t - u ’5 e I ,,t .al s s : s m r s  was 4 , is srss i l’ ,r csut , ’ r~~is ‘smvl ’ /  I . I,
E tu , t t ,  smb tOes ,- 55 ,- s I r , - , ,  W ’ - ~~~ ’ vs ) I i s — l o w  t b  u’’ ’ u l s , f f  ( bm etw , , s -ns lb aru d ‘5)  which rel isibly s cr s-e rm sm l u  si t  Irmd i—
V t u i , i ,ils w i l l ,  mental h u m - s i l t b s  I.mn’ s h s t s - I ~;s I’ ’t ,‘‘ l m ’ s ’ t j o n  Is is f ly ing  S t ~ m t r ~;r ’s ’). Yet , ti~tj s, - 5 i i i t’ - r  ‘‘ i i ’- ’  ~ was b s m ’ 1 b s i y
5, 

~5iti u I ; s:,’,tm t (P ‘ . 01) i I
Nsj Sl ’(t , i  I i S s i t s t  di f t  ‘ - r  ,‘,,‘ s ’ ’, , ,s ,  . ap)s ,r’’ I , I  , c’()mpart ls ’J th us ’ ;ierforinnars s ’e si I t-aclt s (n Im s m J i  Orm t l s n -  ReV isitnsi

Wi  1 1osu-~hlmy ‘. ‘ m u ’ ’  st  ior,t ,,, I r ,‘ , u;’ i t s - ,,r lruvm ’t ,I .s m nj e s .

(‘a l t , )  l ’ s 11, (‘F’ Is,,’ , I b , s s - ,- sca les ttsat seem I s , d ; f f s n s - n I  i , ,n,-  l b , u s m , s -  tw - , q r s s s l p ’ , ( at , p .05 or b m u - t l s - r m
Ii , N , u s ’ I

- ION

‘i,-rt iqo , sit zz i tsm ’ s s , ansi loss ‘ 1  , ‘n,tssu - ; isj sjsness arm-  symptoms rs’sponsil’s lu’ f ’ ,r UOAF OAM r” ( u- s r u )  i t ,

ns ’ ,’ar ly 1,5’  ‘if II,,- , - ass’s. 0,-ar ly lual I oI It,,’ time • we are uruat,sln, • a l t  u- u  tbiorouqtu -va) oat is ,,,, tss s ’X ( s i u , i t s

I (ut- i r - ‘.iss,,,- -

Thu (‘ msi  r (s sss, s -  ‘ 1 th is  51 iusl’, l’uuim, 1,,,’s ,, I_ s m sl ut IllS”  tbie fiS’,’S ) i ’ mSism ’ ’  ; al  t ,ms ’ I, m ,s s  ;rm ’i,,l’,,-uI in t b s s - ’ m m -  cases. W.-
lm uup~’si l’ s f i nd  s ’ , s ’ s t  ,usu l d j f f s’ r ,- r , s ; e s  that wsm uld pen’Ttn i S formulation s-s b a “ typ ical  prs;b i Is,” - 1  the di f ’ fer.,r t ,
‘ s s i b s ’ I r s s s u i u S  5,, .-X ( os I; I s -  d isqnu ims m s and dis ;mosi tion “I such cmi s,s’ , -

Ils , tm o t t mm- I ls~i(~~-r  ( ;,s ,sJ,li- ’ .,t ion pending) , we focused on that gro up of pa tim s stm m witbm Syru s s ; ;as a,,’) corn—
[ u u e s h  I l,~’m tn ’:’,,5 I rss ls.  l’Iuu-re is a m mi ’J , , i  f ic-a is t  msVnm n lap ims-t wu-us t i  tI,,- sy rss - ’~I 55 , ‘ ( r s s s m ; au md t b,n ul rs ,uulm ‘,I hyj s i - r—
‘/ s ’ I s t  I la tmsrs , tb,’ sub~ .’cts ‘, f th i s  s tudy. Of the 34 patients w’- studied with syncopi’, 18 w’-r, fout,d r,n

I n ssI to buypmsm’’i.- tm l i I sil u- d5 (mart of I h’-I mm pathophysioloqy. ‘Its,’ f i rual d i s i j i ,s m m ~~-s of ths s-se 34 s,-ases , s i s s m
‘i ’,’ r I, , of th0’ ’t ns msm ;” i  . Vasova’tal ( t -

~~5’- b  armd mjs :tur ition (125.) myrsu-’ ssp s wt-s ’ u - tb’ most commons ‘Ii
noses. ‘ mt s s- mis ,se s - ,jch was attributed to an associated i l I tmu,ss and 0 - b - mr ‘2,~ irst sm lu’ rs i r , - , u- . ‘I_ hue s -I i u m l s m’~y
r e-n i l  n,.”I u,sknuow ns I Sm five cases (1 ‘ ‘ I, )  , w h m ’ : bs  is much bs”t ter  than wn I -x pes ’I s~’b basssd on the exj s l -n iu ’suc e fc,u
thn ,  ,m , 5 years prlms:ed ; Iss t  t h i s  stiud- ,’ ,

‘msmr  f ir s s i ; n s ’t m s s - b - I  c r m- ’ i i b , i  li ty Sn, s he hypol h e s i s  that fainting is a mul t i va ri a ls l  ; , bm ,- nssmIn ,- n , s ; s ; w i  tbi
m,’.- ’,s’r’,u) f as t ‘ s m ,  , , It s ’s ,  w sn l s m rsq ‘;‘/r~s - r ’qi sl ;s r,,)  ly. W n’ w e- r , - ’u ’ , m , m’ ’ w l , a t  - s s s sp ri _’- .’i tss fir,d t,b5 ,,t umx (~ )’~ s- ’st l u-mis s;

‘ 1 h , smsu q) s l  5 5 5 5 1 s - s , ?  ‘ii ‘I not r u - v e a l  m a jo r  di If , m r s ’ r s s : c - s .  Bocause ’s l ’ s ms sr u x ;,,’t ussr, , : , -  arud t Im’ , 11 t,-ratur ,s , wc-’
t h m s s u q b,t t he s tudy ss roup w r mu ld  mani (“mit  more ‘:nmncern f’,r contrm ,1 , si s- ,,t.h and dying, mi, pm~- l l s ,m mi, , b m e i j~ —
(u-m m muness , and 1mtunslmias. We do know from clinis:al s ’ x ;~s- r ience that emotionally ill h y pu - r ’ I s ’ l it ; I s i l s r s  ‘s!
f ir s t  sit rss nm s~ ly ‘ Im- Isy I b~n- ms’ m -  s-s sn’ ,u-rns , ‘vu ’ ” t:hough ;mr ems ”  01 , ~ fl5i ~t is possible that the ; m,v s sms t t ‘ 5 .55 ‘,, - - -; -m tmp ly
mi ss; ,-’ I Ibs ’ -s ; m- s’s m nl , :,-SI ,m; ii , tbs .,’i r b r i e f  ‘-om su ,.m, :t with the pat I ’s I , I ,s. A l te rna te  exp larsat ions f -m r 1,5,1 I
t b s s - n >s) I - s ”t .u.m i di f f ,-mm - Is ces iu’,u-,- luidt, the, uru l i k ely  assulijitiors ti-mat t hese  s l u t  a am - n’ flat rs- l,”iarst ts, t hues ,- ‘:,,mi”ss ;
‘ s u ’  ma rs-’ 1 i k s - l y ,  t hus dat,, dr_u not dlffe m’ es ,ti at s ’ because t b s s s y  apply S i ’ j ni fls ss r ; (  ly to tm s_u t f ’u ’ ~ ru ms ,ips .  Ir s; a” —
t ion nsf thus ’  raw slat , ‘ n sr ,f irms the latter. Any illness may rs’ ;m ru .s ’el, I a gr as tt ;n,- ,i I I,, a,ru ‘mii i s-it u ,r .
“s;”-cmal ly i f  he is  a - -;! r’mnsjly au: ls i , -v tsn s ,s r i t , —or iented pmm rsonm , and may i u ; f l us -s ’s ’, m ’ him ts_u wu-srty dl;,,,,! ls u nm s sI
s ,sr,t mm ’ ,) and I_ u , f,,, 1 ht’l p l,esns .

T he r ’ ,ssm t sm s ,f  the ~
‘orn,’i1 Inidex rss ’i”ms t , we think , hs~~ really heal? )sy a’,) s t o rm s  -si-u’s , , (‘ b , ’ -  ave r a s p -

I - I  al - s s -mr s ls ’,r ‘n u t , rols was 1.1, and for S b m n- study qrou;;, 4, 8 , Is,,? I, s ,f  these groups w s ’ r s ’  s:u -mmpss ms~:ni of
inslivi’i,u,i is  who ssi ~m~m mis ” s I l y  w.’ne “ i l l  , “ but imot ,h had scars- ms far bms’l ~~~ I_ On cu t,, s,f I pu s i  rst  S b ’,m- t w ’ - ’ s r i  H -un d
wh, in;h s s i u - n t j f i . - s s  i ’ ,’u. ,s t  i nd iv iduals  w i t h  s iqrmi f icar m t emotional ) rs,bm lemS. V’,s r, so , this slig ht  d i f f s ’ n , - n s m i ’ -
Was tu in(huly d iss ;r  iml , ,as s ,ny ,  O f S , ’ n s  f l ym ’ r s ;  may wish ts_u sn, s s nrs msm rm - bms ’aith y tbtan they sis :tually a r -  Os” ,uus’-
SI m s - m r  s : a rm - ’ ’ r ’s  a r ’  Is ,  S him- ba I ts , - ; ’ - .
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‘ I_b ,. ‘i’- V,’ I sm ;mr1 ~s’t ,t h ‘ typical Isrof i li-s -- must awa it ( u I_ s ins -  poO l i s  s it , to rus rs ss u I ting from this it  s.mdy Wn.

have nuol f i nishc-d analyzinq the data for ‘- Cm ’ 1 ss th u ( r’iuqi , but wum u’Xps ~I’I t,, finish moats . A ‘t n,-,s s - ral lb s -s - s r I;,—
io u , s ,f f . sa t ’mr , -s  that su-oms I_u -s di f f . , r , - rm t ia t u’  (mat icnts with loss of s:’mnmscjousness • sli zzi rs ’ -ss , or yes I

and hypervm.t ,t 1 l~~t I,,n (ru-sm other patients is possible . They are u m f t s ’ r s  s s ; ,um ra ted  from their family anisi
have prom; ts e, s I  j ’ ,b, ma ladjss s tm e rm t . Parental c ’mrsf l ic t  is comtwm smtm . They ts’nd to bum- affsrs :ti vely aroussed ,
. -s , ; . s s  ia l  ly  fs,s~li nt  worr ied and he l pless; self—es Is’s-,tt stay be low u and as a s ( r r s ’ u 5 s , thu~-y sbtow s igns of
‘i.’1,tu-n d ‘ - s m ’ ’,’ , s m bis ’ - qs; ious rsssssm , assd fu-’arf s.u I ness. Promu m s ,usl ,1 mental defense ms”;tsam ,i sms i mmmi i  ode prum j u- s : t ion,

5,1 s-I les:tual )Zat ) u - s n s , and repression, ; they seem I_ sm be sus pi cious , evasive , qsu a rs i m’ d , meti’ -, u lous , ;su-rf s-n - —
t m sun, r st ic , i t s s ’imm ,:i -- i i  ye , naive , and I rst ’ rovertu-’ i . They ru- amit I sm hypumrve ruti lat ion sl ,’ms mr,ms trat ion with, a
lmi r’ tn- r  amo s.u,,I and ‘) rea ls r  var i .‘ty of symptoms , ,-~~(m m ’:i ally jssm rs ’mm thm eut i as , dizzirmess , and 1 i q h t i s u ’ a s t m - u i s s u ’ s , m s  -

A ‘i5 ’mt ’  of 5 or hi’ ;hs ’-r on tb, “,srru,’ ll Irmdex is a) s t  to 1,.- s ls jni f i r-ant .  O t b s u ’ r ~msychs’mmet ric s I .ssc r i p—
to, msi’,t awai I I ‘ m r t ’ t s n - r  anal ym , is.
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I)ISCIISI, (‘IN

T ’ j t Z ’ t t b u b s u u t l s W e t , ’  t’ls ,’ ,’ I , - ,- t rcuerms:s ’jmIma 1sss~ranmss of theute ju at i , - tmt ,9  always t,,,si ’m,-uI ’,’ Did ys u su fin s ’ i atuy -au I icular
s t i f f u -  u eruCes ii, tbm ,iS s t  rs sIl l anmi rt sir(mr lsinq ly t s ,qm - is ubsiroup st ~s , m t i et s ts  who ha d  I s s , ; a  I and
su n s  uss r ’,’ I ,,s ’ ,sm, I . ineru, ’,,?

t s r / u  h,st ui ,, ~~~ firs t ‘ pu ’ ’ss t m s ’ i ,  1,5 rs ’ l a t , - s i  S ,  the ms lect tsms sm uu: epha lu -smj ram s on thu ,-s ,~ u s - u s ; ,  1.’ . A l l  ‘ m l  I t , , - , m ,  b,,iuI
s- st  , ‘ms ,s m y,- cam1, h u t s ’  physical and neurological evalnia t iorss anmst t - t - /  ‘ 8. T Is s- t ~~- was umo ,s,-ur s i l s m u t i ’  - i  I
5,u 5’ I,~,S rs,,- m ‘‘.151,4 i r~’jra1uhtc abnorinsality 55 ,5 s-sb is, any of I_h,’ SI mushy qos is~ss - I u s t s - r u - , ,t in’ily
, - , , s m m u- jh , I tu,’r ,- were a few of the muluj ects who after hyp u-rv m ’m it . I 1 at I n j f’mr f ivum m m  n um u t -ms f ssu t I,,
EEC , ,‘ansm’ to the ;ss y ch i s i l  r mc intervIew already having djss,-s,vs’ ri- si I )  i.’ ‘

-
‘ us , , ’ s , b  I b i s - I t  sym (st s,m,m -

Wi,,’r, I bs s- y w.’t.- aimked to hiyerveuut . i late an (ain is, a par I nsf t hin’  s it  surly I Ii.-- ,’ w,u uld - i y  ts ,r u,,,sI simsu -
~-

“We 11 I tuave alrm’am iy s hsmu , ’  that in the ERG - n know what i t  ‘ buses.  It u ’ us mm ,e r ,  my symptoms ,~ ’
tt,,w as I,, thu . — ,.‘u - u , s, s t s~uu’st ism n that h r  . I” ; tz’;Ihibmin ,iim k,ssb , I m ,su um; t asiunsi I thus’,,, m u sh ,, a-I r , ’ , ’ m s s s -  s i t
h,,-tw ,’,’n , 5 ) 5 , -  Is,, ,,stI), ’,rm; ‘ml ’ this Ima fm e-r . I htave always felt that I luis s - i  go uss i.u lIy is -,
‘s ’,s s s , 5 s I  1mm ‘. 5 ’ s ’ , s  in ss,-izure d i m s - m r s  lu- n’s and ‘marries a poor ; u r ’ m ’ I msusss  is . Dr. - ) m - s h - ( m -  1 , - m s  Is I b ua t  I tsi

Is, ,sinq m ly a ,si s~ru m m (  a dj ,urs,pI iv,, centra l  niervomis sys tem .- - is - m , I  , ,r s ’h is rm , , t  s m . - , ’ - ’ ,s;,, , i ly .i

p t s s s t m s u m s s l  I s ;  sign or s ’s,rr,’la Im ’ sb with a osuizure r l i s s u , ss i eu  - 1 ~- t s m n s s m l l y was sur ;mt u ’ ,,-’ I t u ,  I u n - I
I tm,,I 10% ‘ml I_ b mn ’ ss’,srms -o ; ,m ’ ‘sr sss i 5 wait incs’m,tinent of urine - u s s s i  I was’ s- vs-mm r u s s o -  s u m  ( m r i s , ’ s b  t ,  I m uss i
t he-m I ‘ ‘ ‘5 wu ’ rs - I s ; , ’ u , s , I  ; m , , - s , I  01 h’eu ’s ’ , ; ,

‘ I m  t e hw ar,’ s , . ’ u -  Wi - ru’ S b u s - n ’ ,’ army 1-11-1(1 ‘h It S m ’ s . ,- II’ s’S Lme twm ”,en thoute who did , ‘ m I  , ‘ x ; s . . ’ n ) m ’ n s m ’  urns ,,,,’, m ms- is; I Is,,’, s- ’ ,

V 5 ’ 5 ’ ,s l 9 5 )  m u m , , , ’  whc m s l i s h ,

It u s ’, , b- ru,,, ‘I’hu,r e )‘1-5 ’ ,s w ,’ss- ,, II  i r sl s ’ r t s rn’ t s - s b  us, normal.

‘‘sn,,’ , m 1 Imssv,’ a numluer of q ums ’ ms t  ions concert mlnm ’j th is  very i n te rest  m mg ;sa~ us- r , I ins; vus sy t m - I t  ,-v m ’,b tms
m ’,,’e tbs ,m t st  her ; . ‘ ss (u  I” hay,’- I his incidemso,, sf h m m u - s , r ,  S r r , , s m s s ’,- , ,- vm ’ , m of l i- s - s-m m , at wh in- b m I m s s s I
si ,’,’ ush wu -t yss W i t  t-ys me . s ’ s  you contro l the tidal volur,i,n dsurjr m ’j bmy ia’m ’a ’ s t i lab is,,, ,’ We Sn’,’ I s

us s r- -i - m l  a rs , h,mr - i  bag ~u ud make them empty it with each breathe. I —ins ‘us,, ;,s i s,-ub at s i u m  see m i si s s-s

I ,,-,:.ssu,;,’ w.” ktmnmw in ,‘orms(j tions like Stok5s—Auiams ,iyndru ’sme wb,s’rs’ Ih ,~,,-. is a 5 .1 ast u s  pbs i s  ‘ Im  s u
~ ’

‘ 5 bloosi ) s r u ’ s i s s m r , l , wus find seizurs,ss of the tonic/clsms,i s -  -,,,rlen y - I m id y s s s m  taut m m -  sus:c a s j s m m s , s  I
t w l t c b s i t s ’~ of I I s r -  f i n m ’ ~s s r ;s u_ u r mild tnm,I sm nmovement, s’ Did you f i r m s 1  inuy dj s t i r , s ’t ,iv,’ s r  m s b m - r , tit I—
-,i , l m ’  dill ‘-u -once in ti,,, OhIO during hyperventilation itm Ihsss , -  wbt ’ ’  you rs’gars i ass  s s u f f s ’ u  in_ I f t  is’s

Is ’ -  i m y p.’ rv . - m, l  I la t i ssnary  syndrome?

Ftusy t -m t su n; -ri,~ way 1 -l u-5 t h u s -  t iyperventi lation experience is t o  show lbs. ’ 1 s i I  1 , 1 , 5 5 5  how sh5 ’5’ )s t~~s b , t m ’ , u th

( I s a t  u s ; , as b e-u ’) as they can( at otto breaths’ pet sem:onml f~ss 60 hu u m’atb ,s-s s in , m sl ut rusu t  ,‘ ‘ - 5 liii, ,’.
We have no , ‘ v i s h u ’ s s s - , -  that there is any d i f ference in the e l - s -I n s m e  sss ; ” ;s ha loq ram in thu use 55 ,

lmyjm.’r’i.-~~’ I, Isi ts’ fm-sum t b s u s s s u -, w ho  were not apparently hypervent i 1.-i t itug . W.- hav . ’sm ‘ t s b s s m , s -  a S I ’ s ’ s ’ ’
.smsaly si m i of II;,- Ill-IC ’s Omit there wI-ire no gross al,n,orrnsalitles ,m ,t , ’sh  that woulul s l i t  fs ’renmt Ia n
I hiss,;,- tW ’s ‘ I rs_ uI i ; sr m , Thue (sat ientnu that come l u s  us , have um- ’ s - s sud , ’ s i  1,1 , 5 , , ,  is ,m, , 05,Iu ,, t s m s , ,,t s ’ ly  ,
very tte ],dom wi tu,sI,IS -i syncrufual episode. Some do in fact fain t d,u r innj v e s s i ; m s l , s s - I  ur’-s whu,’,;
t ) ,u- ’ /  fu r,,t come lu- i  S bus- ‘“sr,s,’;Itation :;u’rvice . Rsmt , of thm ’ us s, m - mm we- iw f u s s  this las I m ’ -s m l ar

mml, mudy , I bm, ’ 15 pat i sui t -s that fainted and who also were found I ’ m  b s y ; u e u  v . - s s t  i 1s t ’ - , II a- se we’, e ussu

m ’ ( s s m t t s  that accompanles i tIm e patient ss ;qqosting I_ hussy I’i.,d tort l m ’ / s I s s s s i c  moverw’u,t ,s. Wus s;s sniummmnl y

‘ bus tmave such retmorts ii’, other syncopal patients that ‘ne  r ,- f u” r r s -s I  to mu m . TIm is is aft,” ,; Ib,,~
,cq m ,.m h a l l y  I f  thm’ir w e s l l  meaning friends sit t,he’m u u; u s u m - s m - i t s u m s ’  Iy h m s ’ f u ; u  e t lu,’y s e ’ ; a m r m

‘- ‘ uss r, s ’ iousnerss.

(‘l,’s m ,s ’,st , I s i s - I  you try to s ’rs usj,j ne your tables in order to see it thus’ dust isis -I i’s,, I s , - Iw , ’ t ’ nu  y - m s u u  s msnt ,rol
siromup and the others becomes more clear ’,’ Such a combina tissn wnuuld Im’- very useful fum r tbse

h is s,- (1 iqh,t ss;rsteon . I f  he has a pt l~ ut who has family ;s t u s b i u - t f l i m , who S.’.- Is fru,stral. ”b and

;- u-n sm ’s) yes an inability to act , your tables suggest he should 1 , , s u v i s l s s t s a l 1y s~r munumi this,
(‘ I 1551

Boydstmin : Those are- interu-’stinq observations . Yes I think it woul’i i-s.- worlhwlui I.’ Is m  ‘hi-se-u ml, ’- time

typ ical  prof i le  and make t h i s  available to flight surgeons . Perhaps we w i l l  Is,’ ahil” to simm
that short ly.
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Il-adrenoceptor antagonists ire used widel y in the rapeutics , and though they werm,
intended fs ur the treatment 01 ang ina l ,e c t u m n l s  and c a r d i a c  arryt ltmias , it is their m l s u l i t y
t o  ) s m w e n  blood pressure in hypertension tlt ,ut has proved to be the major clinical
app l ica t i on. ‘I’hese drugs have aroused interest in aviation medicine because of their
im s m s S i L le  use in the manaspsn ,ermhm of mild luypertension , bu t the question arises wI ,m,t her
t h e i r  use un aircrew tns us y be -uccom panied by unacceptable changes in t h u  function of thus
centra l ruervnvu’i s-/s tem. There is evidence tlm ,s t~ their hyp o ts sn s i v e  effect may invusl ve
s’er ebra i  Il,s c ) , , t ru i s ; I s s , - m t , d that their use ma y lead to hehavi aura l disturbances such m s
dred rsms and visua l hal lucinat ions. They mniay hue used in the management of  mm u ’ur ol siyi cal
d i s o r d e r s  such as essent ia l  t remor , thyro toxicos is , anx ie ty ,  migrane and poSSi) u ly
sc)sizophreni,u , and it is these observations which suggest that a cautious approach may
be si lm is ro b ur  m a t e  when im,;~; , m i rs ,snl cent ral  ruervom is i  - uc t  i v i ty  is to be avo i ded.

‘t),e concept of using Im—adrenoceptor antagonists in angina lmesm t o r is  and myocardial
in fa rs :t  ~Ofl I 0 h m r s s t s ’ c t  the myocardium from sympathetic drive was j sts ~nenmred at the res m- ,urc h
labo r - s to r i es  ot Imperial Chemica l Industr ies , Alder ley ‘ark , United K ingdom.  I- ’ rs;lI, t b , s ’
early studies with pru mr s t m thnilo l ,,mnd luro Pr- irlolol man-/ compounds have er ss m-r qed w i t h  va ry i rsn j
js r ~ m I mm m rt  it’s, t hought i t  would appear the-i bm efficacy is related to the cardiac ‘, l m l s s s ’k I nq
u m s ’ t i v i t y  of  ( ‘as ’) l  compound. It is the var ie ty  of ’ compounds ava i lmu) i le  which suggests the
iss ussibilit ’y t)m ,ut b1 hmropri,ite s:luoice stay minimise any centra l  ef f e c t s , and so Is r s , v i dm s  - m
drug w h i ch w ’muld lm e ac c e ju ta b l e  to individuals, such ,ss ai rcrew , w ho car ry  out h i g h l y
m i k i l l s,- sl work.

Essentially, I l l s .’ compounds are antagonists, though some also h”- agonist  id i v i ty .
I n  the la t te r  case they have a f f i n i ty  for the receptor , bu t also possess same intrinsic
mcI i v i t y in their own r i ght . The antagonists are used to overcs m! r ,o tIll .’ e f f e c t  of
st i is t i u l ,,tis,r, of the sm.t rd m tc Is—receptors , but as st imulat ion ssf t I e  vascular and bronch i ,,)
smooth, mu mm, -l e ruscepts-m rs leads to relaxation , blockade of these receptors may allow
unopposed ‘ s — res .m e j u t . s m r a c t i v i ty  t u - m predominate w i t h  peripheral vs- ssoconst r i c t  ion and ) , r s ,m s i s ’ b , —
spasm. It is for this reason that effort has been directed t o  the development of
a nt i ’;’ m s l i s t s  w i t bm ca rdiac receptor se lec t i v i t y ,  as card io—selectivity may be inlportant In
the management ‘if hypertension in patients with asthma .

‘ i’ bue re dre otimer properties of the fI—adrenoceptor antagonists which vary betwes-n the
compounds available. ‘I’he agonis t or Intrinsic Sympathometic Aetivl~~~ (ISA ) which may be
pronounced is not fully understood , though excessive agonist activty would be contr,u—
indica ted. However , partial agonist activi ty may be useful , as it may min lmis - 1 k m , ’
undesirable e f f e c t s  of perip h e r a l  blockade . Some drugs also possess a Membrane Stabllisinsj
Ac tion (MSA) which is a local anaesthetic or cardiac depressant effect , but  t h i s  prope r t y
is considered to be of little importance in current therapeutics , at least as far as the
management um f hypertension is concerned. Other properties are duration of action and
Iotency . There is considerable interest in the use of longer acting druqs ~~~~~~~~~~ a
(lay ” therapy , and i t may be that a molecule which has a high potency as a 6—receptor
an tagonist may possess less side effects of a non—specific nature .

I;everal mechan i sms may contribute I_cs the effss,:t of thesss antagonists , in c l u d i ng 5i
d e s : r e - ,umi e  In p lasma renin activ ity and in cardiac output. However , this’ hypo tens i ve e f f e c t
is rm~- Lated to ,u re s ) , i um sms i  perl )u bl (-ra l vascu lar  res is tance, and as the peripheral vdsod) l a t s m r y
vascular receptors are blocked by these antagonists , this mechanism cannot be t~ ,e basis
f s mr t h e  hypotensive ac tion  of these drugs. It is In th is  context tha t  blockade s , f  Is-
ren :ssimt ors within the central nervous system has been suggested with reduced sympathetic
nervous tone. Indeed , there is evidence that su n tm u Jonisls may lower blood pressure when
in jected into the cersm lm r .s l v e n t r i c l e s, but such a mechanism may not mppiy  to a l l
f m— a n t a g o n i s t s , and the e f f s - u - ; t  may not he s p e c i f i c  to $—adrenocepts l r  a c ti v i t y .
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lu-i’ll,’: I would like to ask c- re of ths’, speake - , crc practical ter~ts, ~f we are t’ - . -“,;r 3 r ” -’- ’~
any of these druos ‘—shst mc s rt of checks should we io or, them before w e  alI - - -~ ‘- i- u-- ” ~c go back
to flying?

Cooke : I can tell you what is com a on in cc-her countries at the moment. In N e w  -‘ealar-i l:-,s’y a,’
allowing the use of beta-hiocking drugs as a hypotensive in cotiumerc;,sl airline pilots .
There they demand a period of three months fr-our the institution ‘,~f the drug to f m r s t ly
assess what ’s its final Fnypotensive effect usa’,’ be , and secondly to get a stabilizatior, of
the dosage. Like all other hypotensives , the trouble with usin~’i propranolol or one :mf the’
other beta—blockers is that you may start with one dose which seers to cause no si,ie e f f e c t s ,
and then have to increase the dose to get good control. ~\nd so in New Zealand they suggest
a period of three month period of observation. I thir,k it is being used in Holland, amorse
commercial airline pilots. In England, I think we have had five or six eomar,erceal airline
pilots flying on it. Each one of these has gone through a prolonged groundir.g plus a
period with checks on simulators and fligh t checks before retcrnin g to dot ’,’. No ne of these
pilots is f l ying irs a solo pilot operation . As far as doses are concerned , I thcr,k there is
the clear cut recognition that a lot of the side effects are dose related and the genera ’;
attitude is to keep the dose as low as possible. In this country so far I think , the maximum
dose allowed is around 80 mg in a single dose .

Nicholson: I won ’t answer this on the clinical side of it , but what little information is available , I
think it is possible at the moment to select a beta—blocker which is on current information
least likely to cause harm . I think that perhaps more attentior could be paid at the
moment to the use of other beta—blockers which based on pharmacological grounds , may be more
suitable and practical. We have nine beta-blockers in this country to choose from , and on
many Counts propranolol should be at the bottom of the list.

O’Connor: I would like to ask Professor Cooke the answer to this dilemma . Our psychiatrists were not
allowed to use psychotropic drugs in practicing aircrew . We know that there is often a
psychological or psychosomatic impairment in hypertension . Many peop le will tell you that
by using relaxation therapy , you can get some of their blood pressures down. Do you know
when they are using beta—blockers to control hypertension , whether we are dealing with the
beta-blocking effect or the psychotropic effect?

Cooke: I think it can be said that small doses of beta—blockers , those which are unlikely to have
much behavioral effect, do exert very considerable peripheral effect and in particular , they
will block the peripheral manifestations of anxiety. Now , this certainly is a strange
Sensation which if you haven ’t tried , you might find interesting in that you can be put
under stress , such as standing here , without any rise in pulse rate , without any shake of
the microphone , and without any sweating. That is an effect which will undoubtedly in
anxiety prone individuals , be associated with a fall in the pulse rate beyond that expected
from beta-blockade, and probably a fall In the blood pressure as well. But, I don ’t think
it is the same as the effect you see from large doses which are commonly given by psychiatr ists
for diseases associated with anxiety prone manifestations , schizophrenia , and so on. In
this small dose situation , I think that is a peripheral effect.

Nicholson: There has been a lot of work done on these beta—blockers in anxiety, and some psychiatrists
differentiate anxiety of somatic symptoms from that of purely psychic origin. I don ’ t know

whether you do or not; but, some investigators have pointed Out that these drugs are only
useful in anxiety when there are somatic symptoms. They are not of any use in an entirely
psychic or central origin.

Fuchs: I would like to bring this entire program back to a very central point. Since it’s the Air

Forces ’ mission to fly it is obvious the aeromedical specialists and practioners must assist
the fliers do their best. I refer to Professor Cooke ’s first remarks and slides and I
remember he pointed Out an elevated blood pressure has influence for the prognosis of the
individual , but obviously not for the physical fitness for fly ing.  When considering this
point and keeping in mind the restrictions as outlined by Wing Cmdr Nicholson , we should

consider whether our papers as set itt the past 20, 30 years for elevated blood pressure, are
really relevent for the operation of the fliers. We know well from the 1,000 aviators study
by the United States Navy as well as from the similar studies done in other Air Forces , that
the standards both for systolic and diastolic pressure have changed remarkedly . So , my
question as a result of these discussions is, do we really need new tables of so called
normal blood pressure , as a measuring stick for using any therapy or medication?

°ooke: I think we shall have to wait really to see how the British and other worldwide studies on
the treatment of mild degrees of hypertension come out. I think that they could very mate-
rially effect our whole attitude to the use of drugs in blood pressure.

Dr.  Cooke , please clarify your remark that the cardiac output is significantly decreased
under stress because of the negstive chronotropic and ionotropic effect of the drug. Do you
“-an beta-blockers will decrease the physical working capacity also in relatively healthy,
au,yinptonutatic persons?

Th,.re have been many studies as you well know, which show when an individual is “beta-
1’-s u - k~~d” he loses a certain proportion of his physical work capacity . Whether you wish to
.-~c m re this on a treadmill or on-u any other Stress test, you can show that he can no longer
-,mç i lm ~te “he same degree of exercise task that he was previously capable of. I see no way

-i..~ r- i rnq around this. It would mean that in the military aviation context , if  a pilot or
‘.—t.- f I- tie crew was “beta—blocked” as far as escape or severe physical activity was

‘ ‘ ‘ , he would be under a limitation.
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ke have previously reported an assocjati’,m:, between anqiographically proven coronary artery
disease ICAD) and elevated levels of serums cortisol (1). Multivariate analysis has shown
that plasma cortisol contributes significantly over and above cholesterol and age as a
discriminator between those patients with positi’~-e coronary arteciograums and patients with
negative studies. We used data from 57 patients co develop a multiple logistic risk func-
tion for cholesterol , age , and plasma cortiscl . The resulting predictive model demonstrated
a predictive value of 86% for a positive test and predictive value of 89” for a negative
test, This model was then tested on 78 additional patients who had coronary angiography .
The predictive value of a positive test was 91% and the predictive value of a negative test
was 78% on the validation group . If further t e s ting continues to validate these findings ,
it appears that plasma cortisol say be a new risk factor for the prediction of CAD ,

INTRODUCTION

In a previous publication we found an asSociation between elevated levels of plasma cortisol and
moderate to severe coronary artery disease (CAD) as diagnosed by coronary angiography (1) . Using multi-
var i a t e  analysis , we found that plasma cortisol contributes significantly over and above cholesterol and
age to the prediction of positive coronary angiography. In the present study we have developed a multiple
logistic risk function that uses these three measures to predict the probabi1it~’ of CAD .

METHODS

Serum cholesterol , 0930 hr plasma cortisol , and age were measured in an initial group of 57 patients.
These patients were apparently healthy asymptomatic USAF a i r- cr ew  members r e f e r r e d  to the US1~,F School of
Aerospace Medicine (USAFSAM ) Consultation Service for a medical evaluation because of abnormalities
detected on their annual medical evaluation. These patients underwent cardiac catheterization because
of an abnormal ECO response to treadmill stress testing, an acquired bundle branch block , or isolated
episodes of a supraventricular tachyarrhythmia.

From these data , coefficients for the multiple logistic risk function were estimated for the 0930 hr
plasma cortisol and for the product of serum cholesterol and age. The product of cholesterol and age was
used since it was the best single predictor of CAD in our sample. The probability, then , of having
moderate to severe CAD is estimated as:

PhD) =
l+e

where : k 9.8202—0.00066639 x (chol x age) -‘0.18473 x (0930 hr plasma cortisol) + ln
p = prevalence of CAD

Based on a 40% prevalence of CAD in USAFSAM cardiac catheterization patients , those patients with an
estimated probability of CAD of .4 or greater were classified as diseased. The actual presence or absence
of CAD was verified by coronary angiography in all cases.

The model was then tested on a validation set of 78 additional USAFSAM cardiac catheterization
patients.

RESULT S

In the initial group , the prediction model correctly identified 83% of the patients with moderate to
severe coronary artery disease (sensitivity) and 91% of the patients without disease Ispecificity) . The
predictive value of a positive test (Prob > .4) was 86% and the predictive value of a negative test (Prob
< . 4 )  was 89% (see Table I). In the validation group , the formula correctly identified 40% of the patients
with moderate to severe disease (sensitivity) and 98% of the patients without significant disease
(specificity). The predictive value of a positive test was 91% and the predictive value of a negative
test was 78% (see Table II).

The mean age, cholesterol, and plasma cortisol of the initial group were , in most cases , higher than
for the validation group (see Table I I I ) .

DISCUSSION

With the addition of plasma cortisol to the established risk fac tors of age and cholesterol , we have
developed a predictive formula which haa a high predictive value for CAD. These data suggest that cortisol
may be a new risk factor for CAD. This high predictive ability is validated by the use of cardiac angi-
ography as a definitive endpoint for CAD. Other studies involving CAD have relied on noninvasive cardiac
diagnostic procedures or autopsy data.
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In our ‘ialidatioru group the sensitivity decreased compared t~~ tb’ i rsu l  ia i group, ‘ a,,-
explanat mo m, for st , is i,- ’r ,’ , ,ss -  us, the ‘i” r s - ,ise’l ~~~~~ is of serums ‘ ‘ Isoles te rol  , plas sr_ ’, - ‘ n - c -  isol ,is,-3 r,’-~~~’ w--
age oI the v,i l idatrors patient g rou p  with j~u-~si ti vs- co ro t a r y  ansjioqraphy. At ‘his t sc ’ - r,u- .sxj~1anaS : ‘ ,r,thi s risk fa’,’’,r d,,-crs~ass• is r” ,~’iiiy apparent other than j’o~ sib1’- eff,’scts ‘1 ar, :r i ’r ~-as,n;sg aw ar - s , ’ - - ,s
within our populations of cardiac health.

A l though this model has a bi’jl, 1-redi ct iv ’’  val s,, irs the USAFSAII car- its’ : a ’ 3 , , - t , ’ y  zat s ’ m i  l” , l’s i ,,S  l’,m,
ex t rapolations ‘~f these results to other populations may rot be val lu- I , Fu r l  la- n-  I ,-st sag ‘,l this mod,-1
‘iet’-rmi,ne I,h’- ’:’,rstributjon of ‘‘or tiso], as ., risk f,ac-t’,t- , arud comparisons to o t l is , y  ;‘r ”-lt ’t iv ’- mmss3els f - s
CAL, Isuch as tf ’, Frammmingham model) will he performed .

TABLE I TABLE 1 1
Initial Group C lass if icat jon-u Results V-i I idat ion u- ,ru-~isp ‘ ‘ I- ,s’ , I s ’  at  so; , lo ui S

Coronary An-sq ioqraphy Coronary A n-sq i oqraptsy

+ — +

Prob of 19 3 22  Prob of 10 1 ii
CAD - .4 CA~ .4

Prot, of 4 t I It, Rn-oh of J 5 52
CAD ,4 ‘‘A l) .4

2 ’i 34 57 25 S m

; s ’ r s s ~ : t n v i ’ y  x 100 = 81% cs~r s ; s I s v i $ y  ~~ x iG() 4 (5 %

S p e c i f i c it y  x l’ih 9 1% t~s- i f i u - - u ty ‘, x 100

Pr’ ’iict tve va li ,su’ (+3 — }
~
‘ x 100 — +136% Predus ,’t s ve value 1+) ‘~‘~~‘ x i(i’i ‘91”-

u-i ,- vaL e- ( — )  x 11)5) 89’.’ Predic tive value I—I 

~ 
x 100 — (h’.,

TABLE III

Ms ar,~, -

u-~rrirs a ry  09 10 hr
angiography N Cholesterol A ’ j s ’  plasma ‘:‘,r Iisol

Init ia l + 23 276.2 46.3
Cr s;sij~ — 34 22 1 . 7 19 , 7 ‘3 - 1,si

Vali ’i,jtion + 25 241.’i 44.4 11 .13
u-~ru-iup — 53 209.0 1,3 9 ‘3 ,20
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DISCUSSION

Fitzgibbon : It is a great pleasure indeed , to have somebody prick the cholesterol bubbles, and to point
out that in actual fact there is a tremendous biological variability in cholesterol. Many
years ago , 16 odd years ago, I started doing blood cholesterol in couplets on all patis,nt~
admitted to the hospital. These were obtained fasting , lying in bed on three successive
mornings . I learned , very soon of course , as others have that if you have the patient get
up and about and do the blood cholesterol after being up half an hour , you can raise the
blood cholesterol by approximately 12% , This ia a mean value. On the successive days we
were horrified to find changes of up to 100 mg%. This set Dr. John Nixson , our c l i n i c a l
chemist , and myself in i chase across Canada , quering by mail  the members of the Cardiovascular
Society and the Canadian Association of clinical Chemists. I was pleased and a little sur-
prised to note how very few of my cardiological colleagues paid very much att”rstion to
isolated cholesterol estimations . Dr. Nixson was eu- (ually pleased and equally surpriss-d how

— very few of his clinical chemist colleagues felt their methodology for measuring cholest,’-rr ,I
in the lab was any good . Unless you go back tm’s the old Abel-Kendall method of doirsg blood
cholesterol estimations, most of the newer autoanalyzer methods are afoot with probl’sm’. ansi
failure of reproducibility . One of the difficulties in using predictive values that a blood
cholesterol measurement may not actually be a truely representative valu,, l’s-rhaps we tend
to pay too much attention to changes of 8, 10, or 11 milligrams in blood choesterol “ ‘stimations
which may be of no importance. The variations in triglyceride estimations, if you star t
doing these in triplicate on your patients , are even more gross. As a matter u-i f fact our
laboratory after three months of doing this asked me to stop doing c-hem s because we ws-r,-
really wasting the laboratory ’s time and we had proved our point over and over again. I
would like to ask Dr. Troxler a question along the Sante lines. What is thu- reprodsi” i~~i i m t y
of your 0930 plasma cortisol measurement in the patients that you studied? How u-lid y~~is
approach this problem? How many have you done and what is the reprr sdisc ibilil’ 7 “f this
isolated measurement?

Tr’,xler: The reproducibility of the 0930 cortisol unfortunately was not on t Ime s l ides ant] I do not
have the actual values here with me. I can tell you the standard error af the ms-an of th”
values for those having no disease and minimal disease do overlap. The standard u-’rror ‘-f
the mean of the values for those having significant disease do ,,r,I overlap with thu- forrrsr’r ,

Now as to your comments concerning the problems with blood cholesterol , our coerfics”r,t s,f
variation for this measurement on the average is 2.0%, which is or-c’s ’ ( , t;,ble in most laborator ies ,

Like everybody who has worked with steroid metabolism in the past. I don ’t think I “arm let
it go without noting that , any plasma cortisol estimation, at whatever time of slay, can be
effected by all sorts of factors including the stress of actually having the venipuructurn--
done. I recall we used to put in venous cannulae and leave them in for 12 ‘ ‘i  24 hours
before we would accept that that particular aspect had not hs,s,n s-ffs,’:tin’4 the actual cortisol
value. Nevertheless, it strikes me that it could be the response to stress of thi’; k i n d , in
itself , that might he one of the predictive factors that you are looking at,

Troxier, We agree with that. W~ think we actually are giving these patients st ress because of the
threat of loosing their job resulting from an evaluation at our institutiors . Perhaps we ars-
actually testing the response of the adrenal gland to this stress. In  the paper we r”l ,rir led
and referenced in the preprint , we made this point quite clear and emphasized that this
study may not be reproducible in other populations , especially those conducted in civilian
institutions. However , I think that anyone at an aeromedical evaluation c e n t e r  has th~- same
r~rsportunity we have to test this response because of the treat of job loss.

7,umoff : I want to make a comisnent and ask a question. Some years ago we had the occasion to do u-lai ly
cholesterol measurements over periods of time, sometimes months in a variety of patients

within metabolic ward conditions , resting , and on a fairly stable diet. We used a very good
method , much better than the current auto-analyzer methods . We did c ;r$h cienheimer -s ;perry

determinations using digitonin precipitation which is as good a method as there is , and we

consistently found the coefficient of variation to be approximately 20 to 25 % in almost all
of our patients . This means that at an average level of 250 mq%, a fluctuation of plus or
minus 125 mg% would be considered within the normal range. A number of observers during
this conference have suggested that the incidence of a positive stress test is too great for
on-se to use this as a basis for grounding flying personnel. Others have di8agreed , but many
have expressed that opinion. There was a fairly general agreement that the presence of a
definitely positive anu-;ioqram would be sufficient. How close are we on the basis of these
and similar studies to a noninvasive approach of predicting the results of this invasive
procedure , so that it would be reasonable to ground people without necess-irily doing the
actual angiograxn?

Troxier: I think that before we advance to that stage we have to have at least two or three independent
noninvasive tests to predict probability of a positive angiogram. In our experience , and

I’ m sure every one else ’s experience too, when we use the panel approach (e.g. liver function

battery), if only one teci t is abnormal we tend to ignore its significance or assume the
laboratory made a mistake. But if we have say three or four abnormal tests all supporting
dysfunction of a given organ or System, WP are willing to make a diagnosis and a statement
regarding prognosis. So I think we will be &ble to use the same rational in evaluating our
&irsc rewysennberg for coronary disease. If we have three noninvasive tests having reasonable
sensitivity , and pred ictive value , we may be able to make reasonable aeromedical decisions
without resorting to coronary arterioqrsphy. Unfortunately we arcs not at that point at this
time .
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Kelly: I would like to comment on that last question and point out that at the tail end of my
t aper , I did mention the possibility of improving the specificity of the stress exercise
test by using a beta-blocker , 80 mg of oxprenolol. It does seem in our small studier so
tar , that the specificity can be brought more nearly to 100% for the exercise test in - “mat
those with coronary artery disease still had a positive test after receiving the d’rug,
whereas , those in whom angiographically it had been shown that coronary artery disease was
not present , did not have a positive test after 80 mg of oxprenolol.

Fitzqibbon: I have a historical reminder which takes into account the beta—blockers and their central
nervous effects . I’m sure we all remember that in the early days of the two—step test ,
Dr. Master used ergot alkaloids which also had some rather strange central nervous systom
effects. lIe used this for a while in an attempt to demonstrate that the two—step test would
be more specific and I think with some success.
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CuMPAPTSON OF PLASMA ANI) URINARY STER()lGS IN MEN
W IT H TYPE A AND TYPE Ii UEIIAV I(J I% l’A’l”]’El’riC

flarnett Zumoff , M.l)., Pober t S. Ros,’nf,’ld , Ph.D.,
Meyer Frii” ini,u;s , M. D, , Sanfo rd 0. f lyers , }‘h , F).

Ray II, }t( ’,s’,’nnsan , M.D.  and Leon lie) iman , M l ) .
I nst i lute for St s - n - ’ ’  it] l0-ue ,u r h  , Mont,-! iors- Hosp 3 t n 1

,irnd Med i i’,i I (, ‘t ’ n l l  .‘r , Bronx , New Yo rk and
H,a ro)’ i  Brunlu Ins t i tu te, Mt .  ‘/ ,is i rs  I lospitd l  ,ufl(]

M(’s l l s ’ ,s 1 Center , San Franc i s c s i  , (Ci I i [ sc - n i - i

Sonu,sur~’

A 1ar’l~- number 01 u r i n - u ry  ,i :s ,i  p lasma s t e r o i d ul  , , s l , ~ni , ’ t ,- rS  t , , m ’ j s ’  I t- n s ’~,nim ’ i m  u - - i  in ~s’ n w i l t s
‘rype A and Typ e B befm av i iii ) - u  I terns , ‘lw i if 1 f I’ ,‘r s -  is - s’ s we;  s -  f o u nd  le t  w s - s - m ,  t I ‘-s; ,  qrt s~ -a ~ I I I
‘ry1s~s A men show ed h s - ~t s s - r  I ,u’/t if llt ( O ’ s O O — l N O O )  ur inary (‘Xs ’ m s - t  : s , n s  i f  I s - S I  oat  s - n - n i ’ - - t I us’ur’ ’ m s i ’ i ’ -
t ha n  ‘i’ ’,’ } s n ’  B men (2 4 ,, ‘;  vs 15 ,, ‘~~

, I’ ‘ .0 5 )  ; ( 2 )  ‘i’y~,s- 13 men ,,( i , w s’ , ~ h i - j t s s - r  ,‘ i . - i u ; -  lil,s~sn , , ’ ’ ’ m s ’ ’,’n—
tr - it ions of ‘iu h ydrs’i t i ’ ;~tss ters ’ns’ (‘H ng/d l vs 79 ns;/dl , P - .05) . The m e u --c I ts  ‘ 1  t I,ts study
s ;s ’ ( ’j ~”st  l i m i t  it m a y  I,,- possib li’  I,, i l , - i - n’e , is ,-  [Is,,’ r i s k  of u - u -s rsini , ir ’ -,- s - s n  F d i c - n ’ ; , ’  ~~~ ‘T’ y~~s’ A
by Lntervenn- I is ) to -I’ ians jn’ I I s’ I m’vels or antas)on 1 ze the ‘,‘f f,-s ’t u- s ‘it ‘ ‘ s - i  a in, si -m id Ii ’ s mss,ra’s

In t roduct ion

,‘)s,r,,s- y s - u r  a ago , two 5 , 1’ us ,I’,,ss_u- rn-be ’i tw o  sit st inc l , Lve bi,-h ,avn’ , r ,t l  pal (em i sa  ln s - l i l t  s , ‘I/I- ’’
A , s:omprlsunsj intena,- ’- ’in ips ’tat xv s-: ’s, ss and an s ’ i , I s - u n i ’esi  Ben:;’’ ’ sf  t u f t , -  ur ’ ’;~ - :, ’ - - ,’ , s i , ) ‘l’yi ’’ ]~ , fe- i —
tu ring  relative p l~ ssci dit-j ,arud .scceptarss ’s- of tli s ’ , ’i , ui ’se - i t  i - v s - m i t  s , w i thou t  iio:fll fl ,i t js ,n I,’,-
i n s - i i ’,,l end ,sm , m d  rc ’ po r te ’ l  t I , ,s t  tb , unc 1, - I s i s- u - s f  ‘‘a: m i s t y  he,ii’ t ‘ i i u -~~’, s o , ’  It’ll; ; s - i - , mu :, ’,’ t n r a

~
,l r , - i t , - n  in Type A ini ii iv is lua js  ( 1 ) .  ‘l’he l i t t e r  observat ion  has sin ’ ’,- I i i ’ s - m s  cc ,; ! irri,--I by - , t i s s ’rs
( 2 ) .  I t  was r e - s i ized f rom the s t i n t  t t s , s t  a d i f f s ’ r s ’ m ;s ’e i n  1 111) i i , s’ : i l , ’ ns - ,’ I , s ’ lw , ’ , - n i  Ty~”’ A -,nd
‘l”’(”’ H i ms ’i iv idu ,sl: ; mm p l ii ’ii s di f f , ’ m s - n c , ”  in one or mor,’ mes i i .m l  insj phy s io l’ ,- i l’ - - m i  ‘ii i s u o m ’ I , , - : , i i ’ ,il
f , ic tors,  A ‘‘ant unuing s - f t s ,rt has l’s , ’,-r s m,i’ is’ tu - )  define suclu f,,’ ’t ’ ;m ’ o , with l i i,- n - s - s u i t  t l , , ,t  ‘I’y p~-A u; ’,u - l ivudu ,i ls hive lit—en f s , i ,m iu- l  I _ i  e x m ’’ m ’ , -t , e- m mm o rs ’  norep:rs-~slsr - ine in i s , ’ uri lu ’  I I) ‘ i o u - I  ts s h .s’is- i s- as

- n i r  ‘- n-, - ’ : ’ F ica 1 respons t v - n m - a s  to ACTII u-st innu l i t  ion (4) thin ‘I’yps’ B is s,i iv i ’ i i m , u  i s  - Pi’1i’ , m I a by
‘stlsers (5— 9) ;u-sincer sli ng ,abnorma ii tim ’s ci steroid exereti’ ms in (11t) p- i  I i i-nta , ii i t lie -n - s - , - r n i  1, - mi t
s’jsidemio ls s-1 ica 1 f u r l  that there  is -s prof - iund sex di f fe- re nc ’ ,’- un t I;,~ i n i -  i - I s - m s  - - u - s f  S B!) (10 , h i ’ s  -

I ’ s s c imse ’ , i  it t s - i s t u s ; n  on s t e r o nu- l - i i  r i s k  f,,s c t ’ , r s  f o r  CHD and prompt s-I us lu - i  carr-/ out i ’ ’- i msi~~n s - I ; ’ ’ : ,  —

s iv e  unves t i ’ ( - s t i on  u - s f  poss ib le  di ff-rencea in plasma io u - i/or un r ; i ry  SI s - r u - l i ’ ]  l,’v,-l a I s - I  w,-,-n
Ty~~s’  /5, and Type It indiv iduals.  Pre l iminary resu l t s  ii! th is  i n v es t i - ( i t i u - 5 n - s m ’ s-  r ~-s i i t s - i  in
this conumunicat t - , r i ,

Sub jec ts  and Procedures

~~~~~~~~~~~ 
Si5 k~J

N’,rma 1 ls,’,i lthy male volun tc,-rs , i s p - u - i  32—66 , were i nterv m s -we i I in San Prancisco Iiy ‘,; m i s ’  of
us (M. F. ) and i - s t  e - u - ) u - , r ized  is ‘l’ype A or ‘i’ yns’ B ,ss ’s ’sir, i 1 ng to previously pub) 1 she,] en ten - . (1) -
‘I’hey w ,u - r ,-  then d iv i ’ is ,’s i into three s,’r ies~, ; ’,,’r les I compri s,”l 15 ‘l’y( i i ’ A ’ s (,ivi ’m’ ,s’(i’ s ’ p -  4 ’s ,  3 +
5.3 (S.l). ) )  and 11 Type B ’ a ( 5 0 . 9  + 7 . 5  yc-ur s ) Series II compriss-’i 19 Type A’ s ( u - i 1.7 4 7 . 5
-/5- -irs) and 10 Ty pe 13’ s ( 5 2 . 8  s- 8.9 years); Series III was -snsstructed b-,’ sei s- i - tinq i i  hyjs’r-
typical ‘i’ yls’ A ’s and 10 hypertypica l Typo D’ s from the two precs-iling si-ties. Campsr ison  bs~~
tween the ‘l’ ype A ’s and  Type B’ s iii two completely independent ser ies (Cs- s ’ is’s I and II) m i n i m i z e s
the possibility of -(t nt 1st ical arti facts (see t I s s -  Results si-ct ion)  . Rls ,ss l  and ur inu --  s smp is ’ s
were col le~~I,ei1 on an outpat ient basis , as descr t be ’ s i  below , m miii were frci,’,ern sod sent t u - i  ( t ie ’
Institute for Steroid Research (in New York) for ana lysis on blind basis. ‘l i s t s’s’ of the Type
A ’ s and three of th,- Type It ’ s also travelled to New York f i n  24-h isur  b l s s s , s l  hornsone s t u d i e s  on
the c c l  inic,s 1 10-se,, ru - -h Center it Mont’,’ [(or,’ llosp i t ,u l . The New York nv -st i c - s  t o :  a w I - ,- blind
is to tt s,, beh- i v i u -, ra l  type of t ls ,’s , ’  sub jec ts  ant i  1 a f te r  the st ,‘ r , ,sd  i ms a i ys e s  hid been conm~s iu -’ t ed .

Collection_of blood and urine samp~,~~

Blood and urine were obtained from “ad) s u b j ec t  over a period of tisr , -s’ Working days , l0nsl
of bl ,sai were taken it approximately 0900 and 181,10 hours on the f i r s t  sw ,  u- l a y s  (j , t ’ . a t  t h e
beginning , im i ’ I  end of the normal working day)  and at 0900 on the thir ,i sl ay. The blood was al-
lowed to riot and the sc-rum was immned i utely removed by s - ,’n s t  u i f u q a t  s s i m s  ansi f r s ’ mze n unt i l  it w~ss
anal yii.iI, Complet i ’  24—hour urine col lect ions wi ’ re made during the thre’,’ u - i a y s , in 1 p a rts:
from ‘s ’ahO I’, 1800 , from 1800 until bedtime and from bedtime until 0900. The sam p le - s  were rii_

f r i - ti- r u t s’s] w i  t), u-, u-mt preserva t i ves  during the co l lec t ion  and were then f r u - , -,ts’n un t i l  they were
,u:, ,,l y ,’,,.-i . (‘sin - ic - let ‘ u - n - s i -Sm of urine col lect ions was jun- lu - l ed by the constancy of I l i - u - ’:’ c i t  m ine
i -x - ’r ,-t ion fs, r  the three 24—hour  periods.

A n a i j s s i s  s i t  sir u :sa r ,X ste roi  u-is ;

A l i ’ j i i s s t a  f r ’ s :,, i_ _ i s _ I , subfraction of i 24—hour c o l l ec tn s sms , ,  were combined to make -, r,-n:e’-
senS it iv e  s i s p l i -  I ’ m  that 2 4—hour co l lect ion. Eaclm 24—hour sdm )m ls- wa,s ana lyzed sepai it i ’ )y  and
I Ia- I hr.’,- sc -su i t ,, fu- 5~ i- is -I s suh j.o-t were I b in aver c(.’u-I - The tins ’ ,-,’ subfr,act ions of the 24—hour
colI,’s - t  ions w i n - , ’  s” )sa rate l/ analyzed onl y for suis (ects in 13cr m i - s  III (si-n-’ below)

A small ‘ssrtlon u -st each urin ,’ samp l e  t s ,  is ,-  anal yzed was  d i m s ’ s -I iy tI’,- ,,t s ”t with methy 1i ’ ms ~-
chior  iii.’ t s ,  e x t  r u s ’ s  f r’’i- (‘sir t i s ’ s !  , wt, u s - I s , il l er removal of I ii , ’ as’> ! vent , was measured by compe—

I t I ye pros c - i : ,  — ii h id Ing (11)  . Ali s 1 s , u - s t  :, iii urine w ,’ r i’ ci ss,’sI Fhnssus ~li an ,,mber l i t,’  XAD column ,
which s 4 m u ~t r s t  i tat  iv ,-! y removed I Iii’ sti ,ri sid~ ( 12) . Elut l o s  it I h,’ ,’s’m I unsn w ith n- is - I  I , ,smissi  i t  forded
complc- tc ’  rs ’s:ov .-r ’ / s ; I t he  u- - s ) I s ] t u u - ) d t  i’sl at  ,‘rojds After ev5l,of,,t, ion u - f  I t,,- met i s , , m s s , i  , I Isi ’y were
d issolv .-u- I  in w~it ‘- r and success iv , - )  y hy d r o ly z i ’ - I  by — g l is i -uron i ‘t ,sae’ and mild ,,‘ ‘j ml t r.’,atment l u - i
s i  ,‘av, the g lsu ,’uronides m u  su lf- i t . - s  re,s l i ie -t  3 vs ’  I y ( 1 3 )
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‘rhe ste ru- i id  nm i,xt i n - ’ ,’ f rom the extr ,’i’- t  s~~f the hym irso l y z e u - i  g l ucunon i u - le ’s  w a s  s u hj ec t i - u - I  to
l i ,u))e ’r ch romatog raphy I ii s e j ) u r ’ at ( -  the m ul l V i  u- Iua l  C — 2 1  cor I isul met ,,liu,l i tea from the less l~’~

—
l a n - ’ s t , - m o id s  (14) ; the former were mssiycu -~l by a quanti t  it iv’,- b l u e - — l i t r u ) ’ ;  1 toni re- ,u”t ion,
Urinary steroids i,I,t ,iined from the acid—h y drs i l yzed s u l f i t e - s  w , - r , -  further fr ,iu -tio n ,ted b’~ the
Girard procedure ( 1 3 )  F’s a f fo rd  - s k,’tormi c fr ic tion , The less polar q lucur oni ’is’ fract ion wi,,
used for individual st s- ru - ,id analyses with no further p urifiu --ation.

Androgens w ’ - r s ’  assayed by specu f ic  rad ionnununoassay technique’s. The ans1r’~’ (ss n : ;  measurs ’ , i ,
in the u-~lucuronide and sulfa te fractions se~ .i rately, were ti’stost,’rone , dihydrr,t ,‘stuss t ,-ron ,-
(DH ’i’) , 5s a — a n d r o s t a n — 3 ’ ,— o l — 17 — o n e  (andnosterone) , 5~s- ,un d ruia tan—3 i,— ol—l7 —o n e (et( ii ’ ’)’ i i - mmi s ii one)
and 5—androsten—3 I’— ol— 17—one (dehydruiisoands - ostn - - ru - i ns es l - Tes tos te rone  a o l  hilT w ’ - r s -  anal yzesi
-e’condinq to a mod i f ic,st ion of the met Ii’i’I of IIoy,a r c-F ii (15) , s ’hru ;n ii logm u- inhs inq  t h i s -  e x t r - u ’ ’t
on ,s mic ro—column of c ,’l i t,,’  to separ ,s te ’  the two 17-OIl ii u-hroqens prior to binding w i t h  - i o t A -
tes tosterone , ,ntiserom. Another iliquot was passed throu’ : h - ,  small a lu ;- iinum OX iii,: i:rilsimrs
and the eluate was apportioned f s r  binding with slis’cific a:tisera against androsts-rune’, i - t b-
cholanolone and deh ydroisoandrosterone . In all radinimmum in issays , free steroid was se -parat ~’ u- i
[ron-ms bound material by treatment with charcoal in buffer.

Ana lys is  of the 0900—1800 sub—fraction of the 24-hour urine ‘ ‘s , l lec ’t ions

W ,’ consii i , ’r m- ii it possible that analysis of 0900—1800 urin e collections might -scc,-ntuat ,-
differences in steroid levels between ‘rype A’ s and Type B ’s bec0’ise these’ c o ii et’ m ic-ms u - ’ u - , i , t , u i n s
the products of the earl y—morning peak -,slren ocort isr ,sl secretory activity ,insl of Fb i- a s-u - -ru - l i ~r-/
act iv i ty during the working day,  the l u -~’ r i od  ordinar i ly a s s o c i ,u t s ’ u- i  w i t h  the gn ’ i ’ m I , ’ s t  str s- ss
and tens ion. Therefuire the 0 9 0 0 — 18 0 0  c,illei-t ions from the Series Il l sub j e ct s  w,’r n- a s ’  ,,nr,a t “ly
ana lyzed by the same me thods descr ibed above.

An a l y s i s  of ,j~~asma s t s- r o i d s

In the case of the outpatient studies , ali quots of the live serum sampli- s wer” Oi led
for ana lysis , for two reasons : (a)  the exis tence of ,‘ j i i so u - i ic  seu - - r e ti on  01’ many hormones (16—
19) results in ti c - id and profound fluct u it ions in their p lasma levels~ thus -a 1,001 of f i v e
widely-spaced samp les over a 3-day period should y ie ld  more rep resv n tat i vt -  values than ,any
sing le sample; (b) we considered it important t ss analyze ,‘mll the s en-pies from i u- j i v e n
ser ies in a s ingle laboratory run, which would have been a physical impossibilit y if ‘- -ich
in d i v i d ual p lasma san m p le  had ha d to be -an al yzed. Pilot studies with (ha’ individual is l ,isma
s ,mples showed that none of the steroids except cortisol showed sig n i f i c a n t  varn ,sti ’;n i,,’t,we,-n
samples and that the average of measurements in the five individual samrsles agr~-ed i ’los -l y
wi th measu remen ts in the pooled sam ple.

In the case of tu e 24-hour blood hormone studies , samoles were drawn every 20 minutes
around the clock , by means of an indwelling venous catheter; the ts’u-rlinique has bee-n des u- ’ r ii i ,’ u- l
in detail elss’w lsen i- (16). Each of the 72 samples was analyzed indiv iduall y for cortisol;
200 ,- g aliquots of each sample were pooled to make a 24—hour mean pool which was then inal yzesi
for ill the other steroids.

ec ortisol was a s s ay e d  by competitive protein—binding , using human transcortin as the in-
u-jand ; free and bound steroid were separated with fluorisil (11) . Testosterone and DHT were
analyzes! by r~iu- ]ioimmunoassay (15), as described in the section on analysis of urinary steru - ids.
64—Androstenedione was measured by radioimmunoassay, by the method of Ba ir u - 1 s’l al (20). Radio-
im smunoassay techniques developed in this laboratory were employed for the measurement u- i f  DHA
i rs’ ] DNA sulfate (19) and androsterone and androsterone sulfate (21) , B r i e f l y ,  these involved
ex traction of one milliliter of serum with benzene and chromatography of the extract on a
small alumina column before binding with the appropriate antisera. For the sulfates , 25 1
of serum were solvolzyed wi th ethyl acetate—g laci a l acet ic acid (22 ) pr io r  1.0 concentration
and benzene extraction. Column chromatography was not necessary; portions of the same henzene
ex tract were used for analysis of both andrcsterone and dehyd ro i soandroster one s in ce the an-
tisera showed no cross—reactivity. Thyroxine and tni”iodothyronine were measured by radio-
imnmunoassiy, by me thods devel oped in th i s  labora tory (2 3 )

R e s u l t s

Plasma steru,id concentrations (average of 5 samples over a 3-da~~,j~ario d)

There was a consistent difference between Types A and B in both Series I and Series II
wi th respect to dihydrotestosterone (Fig. I). Combining both Series (Fig . 2), the geometric
mean values (values were distributed log-normall y )  were 79 nq/dl for Type A and 9 3 nq/ l l  [ci:
‘I’ype B (P < .05). No other hormonal parameters differed in the two groups (Table I).

24-hour  ur in a r y  steroid excre t ion

There was no difference in urinary steroid excret ion (15 par,ami’ts’rs( between Type A and
Type B subjects tha t was consistent in both series (Table II). ‘I’he exur r,’tion of dihydrotes—
tos terone q i u c u r o n i de was si gnificantly higher in Type B subjects in Series I ( 13  vs 59 sq/day;
P “ .05 ), bu t there was no difference in Series II. It should be noted that if 20 parameters
are measured in one series, there is a substantial possibility (P .05) that one of them will
show an apparent difference even though no real difference may be present. This type of arti-
fac t can be prevented by carrying out measurements in  two independen t series , as in this stud y;
if this is done , the possibility that the same parameter wi l l  show an ~apparent d i f ference in
isu ,th series that is not real is very low (P — .0025).
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Fi9ure 1 - Repro du c i b i l i t y  of p lasma d i h y drotestosterone levels in two series of Type A
and Type B s u b j ects . ‘1 11cr,, is excellent agreement between the two series in the range
of val ues.
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Figure 2 - Plasma u-Iihy ’Iru-stesto sterone levels in Type A and Type B subjects. The values
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T a b l e  I

l ’IJaSMIi c-’rl-;HOIDS stilcit SHOWED NO SICNJFII’AST DIFFERENCES BETWEEN
TYPE A AND TYPE B SUBJECTS

F T D DS A AS 5 T~ T4
SUBJI,C’I’S I,. u - I/ i i l ( lny /iIl I lgq/dl I I ,q/dl ) lng/dl I I t/ill ) lnsj/dl I Inq/d l I ( ,g/dl I

C s-n ii’s I
‘i’y s i s  A 9,3 386 141 77 86 61 133 6,2

Type- B 9.2 654 423 lii 82 68 59 134 6.4

S’- r i e - s  II
‘type A 10.6 517 288 150 65 49 61 - —

Type B 9 7  549 293  139 62  64 59 — —

F i’u - ; r t i s s , , l; T = Testoste rone;  D Dehydroisoandrosterone ; 1)5 Dehyu-lromsomndrosterone sulfate;
A Andromiterone; AS Arsdrosterone Sulfate ; S ~4—Androstenedione; T3 Tri-iodothyron ine;
T4 Thyrox ins’

T a b l e  I I

24-HOUR URINARY STEROID EXCRETION IN
‘tYPE A ANt) T Y P E  B SUB,JECTS

F TifF ATIIF ‘rilE ‘I’Ci DIm;~ liNAC DHAS AG AS Es”, ES
( ; ‘( 1 1mg) 1mg ) 1mg ) ( ig  I I ig) (mq I (mgI (mill 1mg ) (mc)) 1mg)

or  i s - s  I
‘r-/ps- ‘

A 68 2.4 0.90 .1,9 52 59 0.13 0.34 1.7 0.51 2,5 0.34

‘l”,u- p,’ Il 65 2.1 1.0 2.9 57 73 0,011 0.29 2.2 0.38 2,7 0.25

c - r i,’ ’ ,  II
‘i /pc A 82 1.9 0.57 2.6 46 44 0.11 0.24 0.84 0.40 2.2 0.24

‘l’ype B 81 1. 8 0 . 4 4  2 . 2  411 42 0.17 ** 0.93 0.43 2.7 0.35

F u- ’ u s r t  isri l ; TIIF — Tetr~~l iy- lr ’s i’ i ,rt  a u, I ; ATHF — Al  lotet rah ydruicort iso l ; TI -fE  = T e t ra hydrocorl  issane:
‘I’S Te stosterone q l u c u r o n i u - ts - ;  DIITG flihydrotes tos terone  Giieuroniule; DttA G Deh ydroiso,.nd s”~st i’s ’ s, , ’q 1 ucuronisle; DutA S Dihydrol susanudrosterone sulfate; AG — And route s ’~m st ’ q I ui’ui nfl ide; AS A s s u - l r  u - i s  t i - r u - u - : , , -
su ll ’,t s ’; EG Etiochotanolone qiucuronide ; ES = Etiocholannlone su l fat e ;

S ign i f icant  d i f l , - r e m s u - : e  between Type A and H un 1 , -russ I (P .05) but not in Series II

tteterogeneous (soI,u-ilatuon : twn-, subjects showed values 10 and  50 times the normal mean
value;  this is i,,, ii,.v,’iI to be ,, genetic vatjaflt san r e l , mt i -- u - i  l u - s  the Type A — Type 11 dichotomy .
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u-) 0 0 — )  110() or un - a r 1 stirs , i u - I s ,- x u - : r e t i on

The sub ‘- ‘ ‘ to  in C a r  i a -s I I I r ; ) , u - i w u - u - l  ii si gnificant ‘ii [1,- ru- ri ’s ’ in I he 0 9 0 0 — 1 8 0 0  excret  ion ‘if
ti-sto ma ‘ - r u - i s i s ’  u - ;l u sc s ir s im n l u - l i’ : tl ii- ’ji-u iris-Fr I c :mi,’;iri value was 24 s q  fuir  Type A’ s ansi 15 sq for Type
B’ s (P - .05) (Figur a- 3). A nearl y i denti cal differ - -nc ,’ was found between t h e  mean of the
0 a O O — 1 8 0 0  excret ion values [ u - s r  t im , ’  15 Type A anct 11 Type B s u b] s ” c t s  u - sf Sen t -s  I (21 and 14 ~iq
r n -’ s)u’ u ’t I “-1/) , but I he ind iv iu lii ,n l samp les w a- r e  n ot  ana l y ze-ui so t h a t  u - n  s tat i s t i ca l  eva l’ i i tion
u - i f the si gn -i s f i sca nce o f  tb-i t rI if fer i-nis s- is not possible.
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F ’ i’ j u- i re  3 - Ii- , ’,u - t i m -  ( ( 1 9 0 0 — l I - t O O )  urinary excretion of I,’stost s - r u - i n s ’  s llucuron u - l s ’  inn Type- A ansi
Typn-- B ~,sb t’rc ts. The vu - ilis m ’s shown represent -Cu’ s’ ic- s ITT.

24— lis ui ur ru - u n - - a r, jilaama ri t a-ru -u ~sl u- :c-incentration (Table III)

Th”re wi-r e no si gn i f  i s - al it  d i f ferences  be- I.w n - ’ u - ’ n  Type: A and Type 13 sub e u- I  u- -s w i t h  ru ’aJ s , ’c t  t su

,n n’~ u- if tO ’-  nine at e - r u - u - i d g  measur ,’ u- I  , nsit sur pri sins; in view of the small number of s ubj i -u- -t s
u - s t  us - I i u - u - I  D i s c - i I i -  this , i t  m u  n u t  s ’w s , r  f I s y  t ha t  - i ll  S i X  of the anniroqens ( te s t o s t e ’ r u - u n e ’  , u - l i h y —
u- I r ’ iI u - u - s t  u - , O t e : r u - u n e ’  , s l ’-h ’,u - u- Iroi  i c i a n u - l r s u s t,i’ rss r , i :  , u- l ehy ’ i r u- u i s rnanu - i ru - i st e rone  su l  f ;n t ,— , a ndrs ,sI  i - ru- in , ’  and
- , m s ’ I r ’ i s t s ’ r u - i n r -  su! f a t e )  sI-mowed higher l e wIs  (by 1 0 — 6 4 % )  in Type B’s than in Type A’ s. The
p r u - ul, nb i l i t  ‘,s t hat t his  w o s i l s t  u - i s - u - c u - u t  by chance is quite low (P = .0156 by F isher ’s e x i s t t e a t , )
It  i s  u-, f  i n t,- r s’ : st  that this sn -naIl series ns f 24—hour studies also confirmed a rl if f , ’ r r - nr : e-  wi th
n -u -s ped l u - u  plasma dihy u - l r r i t e s t u - i s t e - r surs e - s s r m , c , ’ n t r a t i u - s n :  396 higher in Typ’’ B’s in t l mis series
s;u - , mr, 1 i , s r ’ -u-l with 18% hi ghe r  in  Type Ft ’s in the combined C e r n - u - a  T and Cs-n e-s II.

(ii sc us a i on

T I - i n - ’  studi,’a we -ste . reporting shu -iw ,-u - I two ateroir lal di f f e ’ r s ’ s i u - ’ e m  in the at’’-, ‘ if  an uiroqens ,
l i - I w i-e n - n men with the’ Type A behavior pat tern and those mimi I -h the Ty~u - s -  13 c-ott s-rn: Type A me-n
l i - i - I l u- s w u- r ~svi’r ’s’p’ p lasma u - c u - u n - m u - c en t ra l  eons of dlhy drnt er ;trusfe- ru -ine and higher ‘tayt urn ” u - urin a ry m x
u- - r u- I ion u- sf tu-sL u - iu - st e r on e ‘Ilucuronide than Type’ Ii ms-I) - The fact that I hose u - l i  [[err-or’s involve
ris-x h u -urm u -in ie s is n o t  wit hom af possible significance : men have a mm ich higher jfl ci u- i ”n s -s’ ns f  CIII)
than  women , - m d  it l i - m s ba t - r i  5 u - i s 1u - ; e s t e u l  th-i t hormonal di f ft ’r,-:ur-,’g between the sexes may be re—
1 _ s t  i - u - l  l u - u t h i s  u - c l  i n iu-c ,, l  d i f fe re ns ’ s ’ , H igher ur inary e - x c r , ’ t  Ion u - s f  I.c - s t n a t c ’ r u - a n e  g lucuronlu -le’  i n
I / ps ’ A use-n may indiuc- ,t ”  ‘j r n- : - ater testosters ine production and/or t m i u - ; h i ’ r  plasma levels  of non-
;i r’itr~ in—b ound t s ’a t r u a l , ,- rrsn,: in these men. The physiological si u - t n )  f i nance nsf hi ‘ ( ( i s ’ s ’  nI-asm,,
‘ii hy tiru - i l r’stosta’-ru uni ,- i’ve-Is in Type 17 men is not obvious , hut i I is of possible inert i ni-os”

I s - it I Is ’ -  u - I  i hyn iru il s -n t u - u a t t’ r su ni,- /t . i’ato :-;terone ra tio i s  many I imes -;re0t ‘r in women than in mi-n -
:;slp)iu- r I- m u - )  the poas iiil ~ a i ’; ns f i s c a n - i c e ’  u - i f  the sex hormone I ‘‘vels [u - sr ClIP a re animal ut uu -,i lea
wh ich have shown tb-at teat :ssteru-ane ins ’ra’n,aseS and estr,’nnl iol decreases a rteri a l wall hypertro-
pls’j in response ? l u - i  experiment al hypertension (24 , 25) -and I-hat t o a t u - s u - ; t  s - r u - i r i s -  i rs”r’- ,anes m d  es—
I r , , - i i u - u - i  decni- -ises ,a rt ,- rial thrombosis aft er int im al injury (26).

Wlm ,,tever the di -l ,,ii le st mechanisms by which the si’s hormones may be n nvolw- u -t in the ‘ic-ne-si B
u - s f  or p r o t s - u - - I  ion - s ’ ) m & n s t  CIII) , one- c lea r—cut  fas t t’mi:nsp’a f r o m  I tme pr~-u - ; s ’mut s t u d y :  tw o g roups
u - s f rn- u- n m i-  lenti l purel y ha-u-c , a u - i s e  ~it cl inically sletermined u - l i  fferences in t I m - - i  r behavior m a t —
terna a I au-s u- I if [ i - r e - u i  wi th res pect  to c e r t a i n  p lasm a and un nary ;u 1 r~,ms rn - - t ,‘rs of nndru -u u )e -n a c
s t e r o id hormones. If tts a ’r ,ru - steroinlal sliffr’rences are -at all re la t e - u - i to the differing risks
I- u - mr (:1113 u- sf these two g rou ps of  men , the present findings point I s uw-ards a way u - sf in te rve n ing
to u - k ’ u - : r e , , s s -  l O t -  higher r i s k  u- sf Type A rn-en , by chan ging Ifs ,’ Ia ’va-ls or antagoniz ing I l :a -  e f f e s ’t s
u - s f  cer F - i In ~te r u - i i u- I Inormnmnes
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DISCUSSION

‘m oxie-n: Dr. Zsimoff , did you consider Dr. Friedman ’s observations where he found a difference in the
ACTII secretion between type A and type B individuals?

Zumoff: I am familiar with Dr. Friedman ’s original paper. Dr. Friedman was interested in the
possibility that cortisol changes mediated these differences. His approach was to measure
contisol metabolites in the urine comparing type H and type A individuals, lie found no
differences , as we have not. I dare say without having discussed it with him that he was
ulisappointed at that time and said , “Nrm it can ’t be , there has got t u ,  be some kind of a
d i f f e r e n c e” . He then did ACTH loading in these individuals and observed that type A individ-
ualsu showed a somewhat smaller response to ACTH than did type H. This is a little backwards
from what we we-re hoping would be the case from recent observations . I must tell you I am
not impressed that it was a definitive study. I think that kind of thing has to be done
again. Perhaps that work has be-en made obsolescent by what I t h i n k  are more germane studies ,
such as those you have already done.
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ROUND TARLE DISCUSSION

Tr m ’-bwasger:  From our discussions , it is obvious that we all share the seine problems and agree on some
major issues. I think we are all in agreement that it is important to identify a population
at risk for sudden incapacitation. Coronary artery disease is the major problem confronting
nun aircrow-, . Our aincrew members are olde r now than they were 15 or 20 years ago. We all
agree that our methods for identifying fliers at risk are poor and therefore we need more
sl”finitive noninvasive methods for identifying those at risk and began an activ’- intervention
l u - r u - i~ rarn which hopefully will prevent disease progression,, to a point , when it becomes
‘.- l inical ly manifest as a coronary event. Unfortunately at this point in time , we don ’t have
any cl ,u-ar cut evidence that alteration s of risk factors will alter the progression of the
u - lie - c -a- ,- . Ilowever , more and more evidence is accumulating which suggests a qreater role for
pr i ’/”ntat ive merticine within the immediate future. We all agree that we a r- having much
d ’fficulty ‘1,-finin g what is normal. When does a 4th heart sound signal underly ing heart
dis,- -,’;s- and w h o  is it a normal finding? What is the significance of a ventricular premnuatmsrs-
best,? What is the mean ing of abnormal response to a given stress test? Finally , we also
agr’-i- that we have difficulty defining when we should treat a given condition such as
hylu-s ’rnen siOfl .

We- have some disagreements . For example , we can not define acceptable screening procedures
for misc in our aircrew population. These disagreements really are related to the types of

~u -u -apulation we serve , which range from civil air transport pilots to the military high perform—
ins-u- je t  fighter pilots. Cost versus yield of these various tests must also be considered.

Most of us agree that the resting electrocardiogram and the history and physical examination ,
can miss significant disease-. Many of us would like to employ a stress test that would
identify an individual at risk. But we disagree in terms of how we should interpret the
results . For example , should an abnormal stress electrocardiogram result in our submitting
that given aircrew member to coronary arteriography ’?

There are four major topics that I wish we had time to spend another day or two discussing.
These include: 1) The problems of coronary disease detection. What routine screening
tools should one use to ‘tote-ct the disease and when should we employ coronary arte-r iography?
2) Cardiac arrhythmias are another important area for discussion. What rhythm distu,bar,’:es
are benign versus what are malignant? How should we evaluate an individual who present:;
with ventricular premature beats as a new finding? We need more discussion in terms of when
we should treat arrhythmtmias and more definitive guideline for aeromedical decisions . 31
Hypertension is anothe r major area for discussion. We Cannot define what is a normal b lood
pressure. As a rem -sit we have difficulty defining when and how we should treat a flier who
has high blood pressure. 4) Finally we need to Clarify a cost effective approach to risk
identification. Such a program should be implemented , and how the results should influemics’
aircrew selection and retention criteria. These are major areas all of us face , Unfortunately ,
we do not have a crystal ball available to answer the questions generated by these problems .

Now to begin our discussion , I would like us to consider the ru-sle of exercise e)i-ctrocardio—
qraphy . We have heard several opinions that some would argue represent extreme viewpoints.
These are really not extreme viewpoints because they are well founded and represent our
individual problems related to the unique population we serve. Some of us feel that we
should not do exercise stress testing as a routine too l because we have the problem of
false positive testS . Others of us on the ether end of the scale suggest we should use this
test routinely and anyone who has an abnormal re8ponse , should undergo coronary art’-riography.
Are there any other things we can do to help us interpret the exercise stress test? Should
we use the presence or absence of other risk factors in making this determination?

Kell y : Regardinq the use of exercise electrocardiography as a routine procedure , I think one has to

bear in mind a paper published about three or four years ago in the Aerospecial Mi-thu --al
Journal in which it was postulated IT can’t actually remember the exact figures), that if

this were done in everybody there would still be a greater absolute number of coronary
incidents occurring in those people with negative tests than in those with positive test- ,,
purely beca-ise they are much th3 greater population. I think it was something like ten
times the nuzmmber.

Lancaster: I think we have a perplexing problems. On the one hand we are all concerned about u- ’u-.ironary
disease detection and I think all of us would be at the extreme of not being content to
ignore this problem completely , or to rely on a standard histo ry and physical examination
and a resting electrocardiogram. But , at the other extreme , we can ’t cope with the entire
problem that is produced by doing every thing possible. We don ’t have the manpower or other
resourc- -q to do all of the techniques, even those that have been presented here- at this
meeting. Additionally, i f  we do attack the problem in terms ot making diagnoses by using a
battery of tests, we will turn up false positive tests with which we must cope. That s-re-at,’ ,,

a major probl eiu -. I think we should approach the problem today with sort of an idealistic
philosophy. I personally think that the way to deal with this problem is with prevention
and I doubt that I would get much argument there. The argument would come in whether we can
actually do anything C u - i prevent the disease . I personally think we can and should. Forth’s-

more, I think that to start a coronary disease prevention program after people have developed
symptoms is way too late. It is clearly too late for a third of the people in the United
States because- all they need is a funeral. It is perhaps too late in 65% of the people of
the United States because they would have had a myocardial infarction. I have serious reser-
vations as to how much we can accomplish in people who have well established disease with

respect to insuring their longevity or improving their basic disease process. So , in a sense

I am willing to ignore people in my age group and older and say it is just abou t too late for

us , and emphasize workinq with younger individuals. Now that (u-resents another problem , we
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won ’t know whether we have done very much good for 20 years or so. That’s a long time and
makes a prevention program difficult to sell and get the necessary resources. We have , I
think , successfully done that in the United States Air Force

S
; at least we have been ab le to

sell the current Air Staff on the idea to attack the younger individual. At the moment I
would approach the aircrew with a battery of known and well established tests for risk factors ,
and screen those individuals who are at some increased risk level with more elaborate tests,
such as exercise stress testing , and if positive , I would do coronary angiography. P11 add
a further note, perhaps to generate some discussion, and that is , I believe those ind iv idual s
who have significant coronary disease deserve consideration for surgery , even though they
are asymptomatic. If we wait until people develop symptons many will have lost considerable
myocardium and/or their lives. So, the idea of waiting till you get symptoms before consider-
ing surgery is to me flaunting in the face of logic.

Triebwasser~ I would like to suninarize what you just said. You said you would employ exercise electro—
‘a rdioqraphy . If the tests were positive you would perform coronary arteriography ,  and if
he individual were found to have high grade disease, you would recousnend that individual be
ferred for bypass surqery. Those statements should generate further discussion.

Fitzgibbon : Well for me Dr. Triebwasser , it wouldn ’t generate any argument at all. I agree completely
with Ccl Lancaster. Having had some primacy in the world of my own hospital in referring
patients who are asymptomatic for myocardial vascularization surgery , I don ’t think it makes
any difference at all whether you have sy”otoms in determining whether or not you are a
candidate for bypassing a stenosis in a coronary artery. I think we have some very strange
ideas about bypassing coronary arteries. We found it perfectly acceptable to bypass other
vessels without any question. What I’m trying to get at is that I think that the cause of
understanding and properly dealing with coronary artery disease would be best served if we
stopped calling it coronary artery disease, because this makes it a kind of mysterious
sacred disease , one in which we know nothing and do vary little. I think it would be much
better if we talked about coronary stenosis in the same way that we came about to talk about
mitral stenosis rather than mitral valve disease. That is really the water shed between
doing something and not doing something. I think we remember from our teaching days , when
it was considered socially unacceptable to even consider the possibility of doing a mitral
commissurotoiny because everybody knew that patients with mitral stenosis died from rheumatic
disease of the inyocardiwn , certainly not because they had mitral stenosis. The same is true
with coronary stenosis. Bypass surgery should be done to deal with a lesion, not to deal
with a symptom. Now, I have some experience in following up patier’~s on a regular basis who
have had bypass surgery and doing angiography . I do assure you that it is very important in
these people to control the so—called risk factors. If you do succeed in controlling these
you do see a halting of the progession of the coronary plaques. In patients who do not
follow the rules, in patients whose hypertension is not controlled , in patients who do not
stick to their diets qualitatively or quantstively, in patients who go back to smoking, we
see progression of disease including new disease and worsening of previous disease . This is
in patients who have already been operated on. So, we are dealing with a chronic disease in
which surgery is merely an acute intervention to deal with one c omplication , a very important
one , that of coronary stenosis. Now as to the question of the exercise stress test , I’m not
really personally concerned very much about the falie positive tests , because I do have
somewhere to go from there. I can take the patient to the cardiac catheterization laboratory
and do a coronary angioqr&n. It is really the coronary arteries that we are interested in ,
not the squiggle on a piece of electrocardiographic paper. My concern is very , very much
with the false negative tests. My concern is with the patient who comes to us with some
other kind of flag . He has had a bout of curious chest pain a few months ago, and none
s ince. lie had a small inyocardial infarct three months ir;o but he is totally asymptomatic
now and has a negative treadmill test. The question thr . is w!wther or not to do coronary
anqioqraphy in these people with negative treadmill tests. W~

. do coronary angioqraphy and
very frequently we find very severe disease in the complete absence of an abnormal pro-
gressive exercise test of the types mentioned earlier in this conference, in an important
proportion of subjects. So, there is no question in my mind that we should proceed the
whole way to investigate these people. There are other sorts of things that help you make a
decision ; for example the time honored lipid studies bearing in mind what has already been
discussed about the blood cholesterol earlier today. I would like to draw your attention to
two factors that have not been mentioned at any time during these meetings and they are
really quite important. Some predictive formulae take into account the vital capacity and
note that the higher the vital capacity the less likelihood there is for the presence of
coronary disease. And lastly, I would like to tell you that if I had at my disposal a
laboratory that could supply me with only one biochemical measurement , the one that I would
use would be the blood sugar two hours after 100 gm~ or 1.0 gm/kg of glucose. There is a
tendency to correlate coronary artery disease incorrectly with diabetes. I think the proper
correlation is not with diabetes as defined by the American Diabetic Association, but with
glucose intolerance. A reference ready guide is a true blood sugar of 120 mg% or more,
two hours after a loading dose of sugar. This correlate s much greater with the presence of
anqiographically demonstrated coronary artery disease than does the blood cholestero l or the
serum triglyceride in the population in which I study, having a mean age of about 34.

‘Friebwasser: In our experience the reproducibility of blood glucose measurements is no better , perhaps
worse than that for cholesterol and triglycerides.

Zumoff i I would like to make another colrsnent. A number of people have mentioned that they are a
li ttle bit pessimistic about the dent exercise stress tests make in picking out the patients
with coronary disease. I think it is not quite as pessimistic a. ha. been suggested. For
example, if 5.0% of the population you study has a positive exercise test and their increased
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risk , let’s say for the sake of argument, is 20%, that means that 50% of the anticipated
events will occur in the particular group having a positive stress test. Therefore if you
could remove all those individuals that would make an enormous dent especially when one
considers the fact that those statistics refer to a single study . What if you did it every
year and you picked up the incremental people who don ’t have a positive streps test this
year but will have one next year or the year e~fter that? I would suggest that given these
known statistics and as a result you were to ground everybody who had a positive exercise
stress test, you could conceivably eliminate upwards of 50% of those who are going to have
coronary events.

Triebwasser: To change topics, I would like to ask what beta—blocker should one use for treating hyper-
tension in the aircrowmember? This discussion this morning really disturbed me in terms of
the beta-blockers ’ effect on the central nervous system. It was suggested that an individ-
ual’s appreciation for impending stress is somewhat blunted while on these medications. Is
he therefore at increased risk in terms of flying safety? I would like to ask Dr. Cooke if
he feels that we can use beta—blockers in the treatment of hypertension , especially in the
case of the high performance fighter aircraft pilot?

Cooke : The choice of a beta—blocker is extremely difficult at this moment. The experience that we
have in the UK, over 10 years , has been pr imari ly  with propranolol and to a great extent
with oxprenolol in the last six or seven years. I would remind you gentlemen that originally
these drugs were not introduced for the treatment of hypertension . They were used mainly
to reduce the oxygen requirement of the heart in ischemic heart disease and angina , and
really their use in hypertension came along secondarily . So we haven ’t got anything like
the same experience in hypertension that we have in the smaller doses that were used for
angina. The drug that we know most about from the side effect standpoint is propranolol,
that is the mixture of dextro and levopropranolol . We do know that propranolol has dose
related central nervous system effects on behavior, on accuracy , on powers of concentration ,
and on a number of other factors. We also have the problem , and it must be familiar to all
of you working with hypertension , that a hypertensive is a fit man until you treat him.
In fact, I often wonder whether hypartensives are not more than fit; they are almost in
overdrive. At the moment you give them any kind of drug which reduces their blood pressure,
you reduce their feeling of overdrive and of well—being. From that time onwards , you have
a problem in assessing what are the specific effects of the drug and what may be the specific
effects of altering the man ’s hypertension. If I em pressed in a corner , I would say that
at the moment I believe that if one is going to treat members of aircrew with a beta-
blocker , one should use the drugs which have been shown not to have serious long-term side
effects. Those two drugs, despite their disadvantages on central nervous action, would be
propranolol and oxprenolol. Many of their side effects are dose-related . Therefore, only
those members of aircrew who need small doses of these drugs should be allowed to fly and
only after a good and satisfactory prolonged study on the ground. That would be my present
position. Studies with propranolol and oxprenolol have been conducted and it appears as
though the small clinical doses of up to 80—120 mg, are not really associated with a high
incidence of side effects. I don ’t think I have to tell such an experienced audience that
people will get side effects with much smaller doses than that, idiosyncratically. One
thing is for sure, no hypertensive should be asked to fly taking a drug which he , the
subject, believes is doing him harm. If he believes that, whether it would be on a good
sound basis or not, he should not fly taking it.
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