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RESEARCH PLAN AND SUPPORTING DATA

THE |nran DI3RASE PROGRAY

Research Plan

Introduction and Specifie Aims:

Incrcased proficiency. in performance, decreaseé morbidity from illness, inereased
longevity and similar claims for improved healt: status have been proposed

as benefits of regular physical exercise. In certain populations; regular
gymnastics are a part of daily life from childhood to advanced age. In Pussis,
factory workers "break" not for coffes and a cigarette, but for calestheudics.
African nomads, herders by vocation and necessity of life, with a diet coz-
parable to that found in Western societies but wiho walk up to forty miles e dazy
are reported to have nepgligible coronary artery ard ischemic heart disease,

A decrease in phyaieal exerszise has been related to an increased inc¢idencsa of
coronary and ischemic hesart disease. In this setting, the zedenta:y life,
"spurt” activity has been incriminated ia acute {schemic spisodes. Whether
directly related or whether cne of several conditioning or predispesing factors,
most investizators now agres that sedentary living is not conducive, through '
several »03s5ible mechanisms, with good cardiovascular health.
Paysical excrcise has been purportaed to be of therapeutie benefit. It has
been preséribed in the treatment of chbesity, In muscular and skeletal disorders,
is routine in general rehabilitation from acute ard chronic dizease, {5 en-
couraged post-operatively to preclude pulmonary embolism and is recmend-:l
followinZ acute myocardial infarction in the hope that inter-coronary artery
anastomoﬁis will fncrease., Physical medicine is part of the therasy of anoplexy
from its onset to recovery. Other e¢xamples could be cited and thz phyqlcxans
regular’ 1dm0n1v10n to patients is to exercise remularly.

“
The phy%iology of exercise has been the subject of intensive study, especially
singe the Secoiica World War. The respiratory and circulatory adaotations to
exarcise stress has been studied: in acute mild to severa exercisa stress;
durinm supine and uprigﬁt exercise; in thé MNMeld and in the laboratory; in
"eonditioned" and "unconditloned” sth*cc in various occupational grouss;
{n ane groups from childhood to old a '; dd}inq and sometime after acute
circulatory dizorders and in various disense states, i{ncluding chronie lung
disease, diabetes mellitus and situationus of chronic systollie and diastolie
lef% ventricular overload.. Despite this tremendous affort, there is much that
remnins obscure sbout the response to physical work. %hile vhat happens in
various situations, in response to this stress, is known, how and why it happans
is lezs clear. In many of these studles, the results are not consistent, the
samnles are amall, the stress is variable and the results are of questicnable
statistical significance in extrapolation to oopulations or pencral grouns,




Physizal axcreise nas been 2nnloyed as a diaznestie tool: to establisa
resniratory and circulatory adequacy; to deterrine and to quantitate zhysiz
fitness; to estoblish functional or azrobic capacity and functional reservw
for piysical work and to diasnose or detect latent ischemic heart disease {k
age sroups at high risk from covert coronary hezzt disease, The standard
exercise tolerance test (Masters) has been clarified as to eriteria {Mattinagly),
and quantitated in terms of depree of positivity (Robb and ¥Marks) throush wsatenis
and clinieal ccremlations. While this test detects advanced coronary heart
diseaje, it is {acensitive to mild or moderate degrees that cay be equally
. hazaridous by location or other nmecans to overt ischemic hesrt disease. The
stuidias emnloying graded and maximal exercise strass (Bruce, Mellerstein} heve
olffercd a more sensitive method of detecting significant coronary artery
dizease at an early stage. Such sensitivity is essential if methods ava1lable
or developed, are to be applied to prevent the overt cxpression of this procsssz
a5 ¢linfcal ischemie heart disease.

Ffrom thae studies available then, it i3 clear that no one parameter wiid
characterize an {ndivicdual's physiologic or cardiovascular nealth status at a
given point in time. The byly milieu i3 &ynamie and therefore, dynamic testing
vill cest describe its response characteristics ard health status. Through the
applicaticn of physicsl exercise as a stressor, especially if sufficient stress
is applied, and through the measurement of multiple response characteristics

or parameters, a physiclogi: portrayal of an individual can be described.
Moreover, Such & portrayal “+il1l remain relativly constant unless improved by
physical training or deterio>rated by intercurrent illness or disease. Health
status can therefore be degs:ribed and followed in terms of functicnal capacity
and reservae.

Through the application of these methods to normal subjects, in guantity and
thrcugh longitudinal as well as vertical observations In different age groups;
throuzh identical observations in sublects at high risk for circulatory dis-
orders; and In pathological aroups suitably matched with the normals, the
natural history of both normal and disease-affected circulations c¢an be evelved

in functional terms.

This Approach to circulatory study of function and health also provides an op-
portunity to test methods and techniques and to evaluate fnsfrumentation for

the optimum applisation of the stress, In a similar way, the effects of exercise
strss, beneficial or detrimental, of varied types and mode of application ean be
evaluated to determine wvhich will provide ‘tHe maximum therapeutie effect in

disensced states. .
In summaary, the plan of investigation is based upon the hypothecsis that
dynanle testing yields much more meaningful informetion about health status
than statis testing and that physical exercise can be used as a research tool
to determine and quantitate cardiovascular health status; to detect latent
{3chemie heart disease and, as a therapeutie azent, be used to reverse the
decrements in eirculatory function produced by diseasc.




Methods of Procedure:

Ceneral Method:

Each subject will serve as his own control fop longitudinal study. In addition,
each subjezt will be paired with another normal subject in 2 different age

proup and with a pathological control with a specific abnormality of the
circulation, This pairing or matching will be by background, amount of training
or physical exercise, body surface area, lean body trass and similap parameters,

Subject Selection:

Normal subjects will be'accepted as volunteers for this pregram from the
community available for study. "Noruality" will be determined by the screening
evaluation described below,

The study group, at high risk fron corcnary artery and ischemic heart disease,
will also be determined by the screening procedure. Allocation to this group
will be according to such indicators of corcnary artery disease as, suggestxve
history or physical findings, asymptomatie positive Double Masters test .
ischemie ST segments l on Screening Procedure, LAD or RVy patterns on
ECC, asymptomatic aquired bundle branch block or othar conduction disturbance,
suspect of heart disease, elevated serum cholesterol, serum triglycerides,

v e R

_serum uric acid or clinical gout, a strong family history of heart disease or

othar circulatery disorders, diastolie hypertension, Diabetes Mellitus (elinical
or latent) and obesity.

Groups of pathclogical controls for the above two groups will be accepted by
referral from the out-patient services of ’HI

] and from physxcians within the Comzunity.

In addition, patholegical study groups uxll be established in the follcu;ng

disease categories:

1. ¢Chronie Lung Disease
2, Chronic Systolic Load, Left Ventricle
3, Chronic Diastolic Load, Left Ventricle

4, Cardicmycpathy:
a, Ischemic Heart Diseasas
b, . Primary Myocardial Diseasge

Study 6roug;§ize;

The ndémal study proup should ﬁltimately comprise 100 subjects in each decade

.from the second through the seventh. Fach sub-group stould consist of thirty

subjects, as a minimum number for statistical significance.




Procedure:

Three basic procedures will be folloved in this study, according to the group
as follows: :

Procedare A:

This is a secrcening technique, adapted to the study of a large number of test
subJecis, It is intended to provide a baseline cardiovascular evaluation of
both statie and dynamic nature; to detect latent or potential circulatory "
disorders it "normal™ volunteers; to provide subjects for the groun, at high risk
from ischemie neart disease and i3 the basie evaluation for all subjects.

Procedure B:

This procedure will be a more extensive evaluation of circulatory functional
¢apacity and reserve. This procedure is an out-patient evaluation that can
be accomplished in ons-halfl day. It is intended to provide more detailed
information that ¢an be extrapolated to the group studied only by Procedure A.
Information obtained in this procedure will be useful in determining any
modifications toward & more meaningful screening technique.

Procedure C:

This procedure is a2n sxhaustive study of cardiovascular health status. It
e¢mploys all available facilities and techniques availavle within the Medicgal
center, Conventional cathetarization techniques and ancillary radiegrashie,
radioisgtope and othep pertinent methods of sirculatory study will be empleyed
as they are pertinent to achieving the goals of this study. This procedurs i3 an
{n-houze, in-patient evaluation requiring three hospital days. Facilities for
this ewaluation are available through the l

PROTOCIL: Procadure A . -

1. Each subject will sign an informal consent aathorization for study.
. Y 4
2. Fach subject will be {ntervieved by a social worker and baselina socice
environnental data obtained, ’ .

3. In the post-nhbsorptive state, hlood will be obtained for baseline hematolory
apd bloed chamistry (FBES, 2 Hr. post-prandfal sugar, cholesterel, urie acid,
total lipids, phospholipids and teiglycerides).

h, Cgmplehe history and physical examinaticn will be recorded.

5. Baseline records of the following will be recorded:

n. Eleetroeardionram




Phoenocardi ogream
¢. VYectorcardiogram
d. Ballistocardiogram ’ .
Standard exercise tolernnce test (Double Hﬁsters) ‘
Post-standard exercise (Double Masters) vectorcardiogram .

Total body vater (tritium) and calculated lesn body mess ¥ill be determined.

Exercise Screening: _ .

a.

b.

Resting control determinations will be made of dlood pressure {cuff)
and heart rate (RKG),

Wherever possible, blood pressure will be obtained throuzhout the

test procedure from an indwelling arterial needle in a brechial artery.
The hlood pressure, in this instance, will be directly obtained together
with' the integral snd First derivative of the pressure pulse.

Arterial oxygen content will ba monitored by ear oxizetry.

Where direct arterial sampling is available, arterial bloed vwil} te
ohtained for the direct determination of POy, PCOy, Py, Lactate and
Pyruvate, -

Radioceardiogram will be continuously monitored.

Fxpired air will be collected for three minutes in a Douqla, bag for
baselxne oxygen consumption and RQ.

The subjcet will then perform exerc¢ise on the bicyclé oricneter as follows:

{1) 50 Watts (300 Kgt/min.) =~ domnmmwimm e mmeen | MinUtE
{7} 100 Watts {600 KaeM/min.) ~~=unm cmmors—enes P mAinutes
(3) 700 Watts (1200 Kei/min,) ~--ccesomme oo m e eieeecceeno 3 minutes
{h) 370 Watts (1690 Kgi/min.) e--edmmemomceoosmeeeeee . 3 minutes

The radiocardiogram will be continuously monitored durins the exercise.
Necords will be ohtained at each minute during and folloving the com-
pletion of the exercise until the rate has returnced to the control level.

it the complation of three minutes of the maxifun amount of exzrnisa
the sublect can perforn, expired air will be collected in a Douslas bas
for one sinnte, for the determination of oxypen consumntion 1nd R,

il
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Oxy~en content will be ¢ontinuously monitored by ear oxizetry and 3 resor
made of the level at each increment of work to maxinud. Wiere direes
arterial sampling is possible, a samole Wwill be taken during the nid-seirs
of the bas collection for POp, pcoe, pH. Lactate and Pyruvate.

then direct arterial pressure {s obtained, records of taz integral of
the nressure pulse and the first derivative of pressure will be obtained
at each minute during exarcise and ¢ach minute folloving exercise until
the pressure has returned to control levels.

PRAOTOCOL:  Procedure B-

1,

2.

3.

Q.

The subject will have completed procedure A and have been sclected ac-
cordineg to the criteris outlined adbove under "Selection."

The subject will be allovwed 8 rest period in the iaboratory until Ylood
pressure and heart rate are stable,

K5 will be attached and_continuously monitor=4d.

Cournand needles will be inserted into a convenient artery and vein; tas
former for artarial blood sampling and nressure monitorinz; the latter
for the injJection of indicator substances and other test materials.

Conzrol recording of heart rate and pressure, pressure inteqral and
derivative will be obtained.

A Valszalva maneuver vill then be executed and the chanpes in sressure and
and heart rate continuously monitored and recorded.

Whea the subject is stable as shown by heart rate and pressurs, expired
air will be collected in a Douglas bYaz for tirse minutes for the deterzinatica

of oxymen consumpticn and RQ.

During the second minute of the collection of expired airy an arterial blocd
sample will be obtained for PO, PCOp, pH, Lactate and Pyruvate (12 ece.)

Followina arterial sampling, duplicate determinations of cardiae outpus
will be made by ths indieator dilution technique.
L 1

Part II: GExercise at 100 Watts (000 Kgid/min.)

1.

S@uJect will exercise on the Fleisch bicycele orjometar for seven minutes.

Artorial oressure, pressurce integral and first derivative an2 heart rate
will be continuocusly monitornd and recorda taken of this resnonse at ¢ach
mirute durinsg exercise and at each minute follovwing exercise until these
parameicors have returncd to the control levels.




At the end of the Yth minute, expired air will be collected in a Pouglas
bag for cne - thrze minutes,

At the start of the fifth minuze, an arterial blood sasmple wiil be
obtainsd for Poz. PCO,, pH, Lactate and Pyruvate.

Cardics output will then be determined by the Indicator dilution technique.

Part IIf: Exercise at 200 Watts (1200 KgM/Rin,)

1. Part 11 will be repeated at this level of work.

Part IV: Exercise at 300 Watts (1800 KgM/min.)

The criterion for continued testing at the higher werk levels will be a return
to near control levels of heart rate and blood pressure.

The criteria for maximal exercise stress will be an exercise level which the
subject cannot sustain for mcre than “four m;nutes, up to seven minutes. That
is, the maximal amount of work which any given subject €an carry out fop

a full seven minutes will be considered his maximum, Other criteria which will
be used to determine that the test was maximal and that a steady state existed
at the time of data aquisfiticn are:

1. Heart rate of 170 or more 2t the two peék levels of work; that is, at the
peak lavel of exercise for seven minutes and a similar rate increase at the
exeprcice level of fajilure.

2. Agreement of expiratory volume and a plateau in oxygen consuspticn,
{Less than 500 ¢c. difference hetween two consecutive levels of work in
VOQ)-

3. RQ and 02 uptake/minute/ﬂ2-

Wherever possible, the following data will be aquired both at rest and during
each exercise period: . -

1. A-3 PO, and PCO; gradient,
2. External recording of apex and base phono&éfaIOgrém with apexcardiocgranm,

. .
PROTOCOL: Procedure € N

The progedures used in this pertion of the study will combine exercise stress

and the determination of hemodynamie response by intra-cardiae techniques. .
The specifi¢ procedure will depend upon the pathological problem under considera-
tion but will be directed to the measurement of the same parameters determined

in the other protocols., Angiocardiographie, radio-isotope and other indicated
ancillary nethods will be used as indicated to obtain the required data (eg.
cornary arteriography).




DATA ACCQUISITION:

The raw data obtained directly In analogue form Curing the test procedures will

te obtained using a multi-channel photographie recorder and simultaneously re-=
corded on magnetic tape in either analogue or digital form (after A-D conversicn).
The raw data cbtained by interview (Social and environmental history, medical
history) and by physical examination will be recorded by the examiner on suite

able forms (check sheets), key punched and card filed or placed on magnetic tave,
Free field data will be provided for. All diagnoses will comply with the Inters
national nomenclature and the diagnostie,. funstional and therapeutic classifi-
cations of the New York Heart Association and will be adhered to for cardiovascvlar
classification, . .

A dictionary of terms has been compiled for the above purposes and for the derived
physiolopgic parameters, Programs for the ADP of raw data to obtain the derived
data is now in process.

Autormatic data processing equipment Is available for this work on a time avails
able basis at the present time and other facilities can be employed, should funds
be available,

The following parameters wxll be measured, as noted below ang on the following
two tables:

1. Cardio-pulmonary Index:
Age ¢+ vital capacity (100 ml,) * breath holding (sec.) + Pressure breathing

(mm., Hg.)
Systolic pressure + diastolie pressure 4+ heart rate

The normal value {s 1.000; values below 0,752 sufgest Impazrment of
cardiovascular function.

2. RXG analysis; (interpretation according to attached £CG code)
3, Double Masters analysis; (positive. negative, equivocal) .

4, Analysis of phonocardiogram, with other parareters to determine q-1 tire,
mechanical systole, ADG, YDG, ete. V-

§. Ballistocardicgram (see attached code}

6. Maximal exercise and exercise screening (see Tables 1, 2).

5




TABLE 1

Farameter

1. Height

2- Height

3. Body Surface Area

4, Fat free body massg

5. Total body water

6. Pulse rate

7. Systolie pressure

8. Diastolic pressure

9. Mean Pressure

10. Integral of pressure .
11, First derivative of pressure
12, First derivative duration, A-B
13. BA duration, onset to peak
lé, ©Svstolic ejection perxod
15, Hemoglobin
16. Arterial PO;
17. Arverial PCO; _
18, Arterial pH

19, Arterial, lactate {Lo, tni
20. Arterial pyruvate (Po, Pyl
21. Respiratory rate
22. Minute volume {Vg)
2). End tidal CC
24, Duration of gag collection
25, Tidal volume '
26. Anatomic dead space
27. - Physxologac dead space

28, vg {BTP
29. % oxygen 1n VE

30. \ carbon dioxide in Vg

31. % nitrogen in Yg

32, Cardiac output

PARAMETERS MEASURED

Dimension

feet, Inches; meters
pounds; kilograms
square meters
kilograms

liters

beats per minute
mm Hg.,

om Hgn .

em Hg, -

mm Hg./sec. {delta :/deltz T)
milliseczonds

milliseconds .

millissconds

grams

mm Hg.

mm Hg.

mg. %

mg, %

breaths / minuta
¢¢, / minute
perceant €02
minutes

ninutes

cC,

¢,

cc. / minute

]

%

%

liters / minyte




TABLE 2

Yariable

Oxygen capacity

Oxygen saturation

Oxygen content

Y1 (BPTS)

Oxygen consumption

Oxygen ¢onsumption index
Oxygen consumption ! F.F.B,
COs produced

Respiratory quotient

Functional capacity; functional reserve

reserve capacity (VO, Max.)}
Functional reserve index
functional reserve / F.F.B.
Cardiac output

Cardiac index

Cardiac output / F.F.B.
Stroke volume

Stroke volume index

Stroke voIume / F.F.B,
Mixed venous PO,

(a-v) POy difference
Effectxve left ventricular work
Effective stroke work LV
Minute work index

Stroke work index

Minute work index / F.F.B.
Stroke work index / F.F.B,
Mean systolic efection rate
Total systemic resistence
Tensign time index
Physinlogic dead space
Anatonic dead space

Dead space ventilation
Alveolar ventilation

Vp / V1 ratio

A-a oxygen gradient

A-3 €0y gradient

XS lactate

Lactate/pyruvate raotio
Angrobic metabolie rate
Acrobie ecapacity

Oxygen pulse

Oxygen pulse index

Oxygen pulse index / F.F.B,
Caloric work equivalent
Percent efficiency

(% of energy transformed into uork)

Work equivalent

DERIVED VARIABLES

Dicensicn

CC.

)

€C. /100 ¢ce. *

ce. /minute

eC.

ce, /M2 L .
ce. g/ . -
CCy

- e

e,
ce. /M2

ce. /Kg.

Liters / minute

Liters / minute /7 M2
utﬂrs i I!‘-.inute , F-f.Eo
ce. / beat

ce. / beat / K2

ec. / beat / Xg.

¢C. / 100 cec.

CC,

Kg.M / minute

Gm.M / minute

Kg.M¥ / minute / M2
Gm.M / minute /f M2
Kg.M / minute / Kg.
Cm.M / minute / Kg.
ce/systolic sec,

dyne em,”

£,

CC.

liters / minute

liters / ninute

hm,

mm, .
mg. §

- —

ce.

€c, V03 / heart beat

¢c. V03 / heart beat / K2
¢e. VO / heart teat / Kg.
kilocalories

s T
Watts, foot pounds, Kg.M/min




Sigmificance of this Research .

A dynamic test procedure will be applied to a community population, at risk frem
ischemic heart disease. Through a bread approach to the evaluation of test sub-
jects, including consultations where indicated, a broad social and environmental
perspective and the response to stress, latent fschemic heart disease will bde
detected. Furthep investigation of individual subjects so detected, will confirm
the value of the screening technique and will provide information, allowing
patho-physiologic correlations in the epidemiology of coronary artery and ischemic
heart dis=ase.

In addition, the natural history of "normal" physiologic function will be de=
lineated. Results ohtained in pathological groups will allow description of ' -
decrements produced by cardiovascular disease, The natural history of specifie
diseases of the circulatory system will be described in functional physioclegie terms.
Within this framework, factors will be delineated which may lead to the early de-
tection of functionally significant abnormalities; discovery at a time when pre-
ventive measures may be most effective. Within this frarework, methods may be
tested for their ability to arrest, retard or reverse the functional decrements
produced by disease.

Facilities Available:

The screenxng procedure will requxre approx;mately 460 square feet of additional
space. Procedure B ‘can be carried ocut in the facilities

) as currently constituted. Procedure C can be accom
plxshed in the xnﬂpatient facilities of the . | in
which this investigator now has allocated two full work days. Ultimately and ideally
this phase of the study could best be accomplished in a facility established within
the medical center, specifically for this purpose, that is, Clinical research ap-
plied to the problems of Public Kealth and Preventive Medivine and the Epidemiolegy
of circulatory diseass.

SUPPORTINMG DATA:

.

Previous Work Done in This or Related Fields:

t -
The principal investigator first carried out research in exercise physiolegy a
1961-62, This involved the use of exercise in subjects with hyperthyroidisn,
before and after ganglionic blockade and normal sudbjects, The overall project
was an investigation inte hyper-dynamic circulatory states and included thyrotoxicosi
physical exercise and aspirin, He and the co~1nve=t1gators have been engaged in
Clinical Medicine and Cardiology and Clinical *Research in these fields for the
past five years; for the past eighteen months as independent investigators,.
In the Bast eighteen months, 750 normal subjects have been evaluated, In ad-
dition,' 126 subjects with known disecase of the circulation have been seen 'a con-
sultation, In the former group, 637 Double Masters tests have been performed.
(Report In preparation)., In this group, one subject was detected with ischemic

all-




heart disease, Also in the normal group (Procedure B), exercise stress testing
has been performed in 58 subjects. Three subjects, in addition to the one found
by the double Masters test, were found to have definite ischemic ST changes

{see attached abstracti repert in preparation), (see attached tracing).

In the pathological group, the evaluation of 78 subjects with known episcdes

of clinical jischemic heart disease were evaluated, The period of observaticon in
this group averaged 8 years from the ischeric episodd., The doubla Magters test
was positive {n 47% of this group and negative im 53%, Prognesis could not be
made on the basis of this exercise response, and average longevity did not differ
between these two groups. {report in preparation). It is concludad that this
test does not elicit sufficient stress to determine functicnal capacity of the
heart afflicted with ischemic heart disease.

The report of the first thirty subjects studies éProcedure B) is attached. This
was supposedly a "normal” group.

Also these same studies have been utilized in the past eighteen months to
establish laboratory norms and procedures and a preliminary functional rating foer
normal subjects,

Personal Publications:

Curriculum Vidae of Investigators is attached.

REVIEW O PERTINENT LITERATURE

The work of Hill {1) demonstrated that there was an upper limir to the adbility

of the respiratory and circulatory system to deliver oxygen to the tissues during
heavy work. This is the maximum oxygen consumpticn and in normal subjects, the
major limiting factor is the status of the circulation. Thisg fact was early put

to experimental use, Its use as a test of functicn, its limitations, sensitivity

as well as its validity were conclusively demonstrated (2,3), Oxygen consumption

at maximum work has been shown to decrease with age (4,5,6), te ke higher in
upright than supine work {6) and to be a sensitive index of cardiovascular disease
{7). For adults, it remains relatively constant unless altered by either disease -
or physical training. -

The hemodynamics of exercise have been extensively studied (1,%,5,6,8). The
entire subject has been recently revisved (10).

The anerobie costs of mild work im health and’;n disease have been presented by
Huckabee (11) and in normal men and trained subjects by Bruce (12).

The exercxse test of Masters (13) has been clarified and modified by Mattingly

(14) and placed on a pathophysiologic basis through the studies of Robd and Farks
{15), This test however, detects ischemic heart disease only in its advanced stages
Coronary artery disease is much more prevalent than its ischemic manifestations )
and a more sensitive test is needed to detect it at a time when preventien caon

be applied., The studies of Bruce appear to be a more sensitive metnod but re-
quires wider implementation for validity to be determined (16, 17, 18),




Much of the cited work relates to small numbers of subjects and the observations
are vertical in type, The entire subject of physical exercise as an epidemiclogic
teol to determine cardiovascular health status has been recently reviewed (1%).

1,

2,

sl

6.

1.

9.

10,

11.

12,

13.

Iql

Hill, A.V,, Muscular Activity. Baltimore: Williams and Wilkins, 1926, 115 p.

Taylor, H.L., Buskirk, E., and Henschel, A. Haximum oxygen intaké as an
objective measure of cardio-respiratory performance. J. appl, Physiol. 1953,
8, 73. - .

Mitchell, J. H., Sproule, 8. J., and Chapman, C. B. The physiologic meaning
of the maximal oxygen intaks test. J, Clin. Invest, 1358, 37:528 .

Strandell, T. Heart rate, arterial lactate, concentration and oxygen uptake
during exercise in old men compared with young men. Acta physiel. scand.
196u. 60:197-216, :

Strandell, T. Circulatory studies on healthy old men, Acta med. scand.
1364, Suppl. “l4.

Saltin, B. Aercbic capacity and circulation at exercise in man., Acta
physiel. scand., 1964, Vol 62, suppl. 230,

Thomes, H;Do, Gaos, €., and Reeves, T. J. Resting arteriovenous oxygen
difference and exercise cardiac output. J. appl. physiol. 1962, 17(6):

"922-526,

Donald, K.W., Bishop, J.M., Cumming, G. and Wade, O.L. The effact of exercise
on the cardiac output and circulatory dynamics of normal subjects., Clin.
Sei., 1955. 1u:37-73. .

Tabakin, B. S., Hanson, J. 5., Merriman, T, W., and Caldwell, E. J. Hemodynamic
response of normal men to graded treadmill exercise. J, appl. Physiol. 1964:
19(3):457-464,

Asmussen, E. Muscular Exerciée in Handbook of Physiologzy, Section 3,
Voluma II; 939-978. American Fhysiological Society, 1565

Huckabee, W. E. -The role of anercbi¢ metabolism in the perforrmance of mild
muscuiar work, II. The effect of asymptomatic heart disease., J, Clin.

Invest, 1958, 37:1593 . .

Bruce, R. A., Jones, J. W., Strait, G, B, Anerocbiec metabolic responses to
agute maximal exercise in male athletes. Am, Heart J. 1964. 67, S:643-650;

Master, A, M., Friedman, R. and Dack, §. Electrocardiopram after standard
exercise as functional test of the heart. Am Heart J, 1942, 24:777.

Mattingly, T.W. The postexercise electrocardiopram, Its value in the
diagnesis and prognosis of coronary arterial disease. Am, J. Card. 1962,
9:395~-409




15,

16.

17.

18.

19,

-

Robb, G. P. and Harks, H. H. Latent corcnary artery disease. PDeterrination
of its presence and severity by tha exercise electrocardicgram. 4Am, J, Card.

1964, 13:603-518,

poan, A. £., Peterson, D, R,, Blackman, J. R,, ard Bruce, R. A, Myocardial
ischemia after maximal exercise in healthy men. A methed for detecting
potential corenary heart disease. Am, Heart J., 1965. 69, 1:11-21,

Doan, A. E., Pererson, D. R., Blackmen, J. R,, ard Bruce, R. A. Myocardial
ischemia after maximal exercise in healthy men. One year followup of
physically active and inactive men, Am. J, Card., 1966. 17, 1:9-19,

Bruce, R. A., Blackmbn. J. R., Jones, J. W., and Strait, G, Exercise testing
in adult normal subjects and cardiac patients. Fediatries; 1963. 32:7w2.

Fox, S. M., and Skinner, J, 8, Physical activity and cardiovascular
health. Am. J. Card., 1964, 1%,k 6:731-745. .




PLRSONNEL:

Personnel Available:

1.

2,

Physicians (2)

as
b. . I

Technicians (2)

e+

A,
P. Yacant

Secretarial Staff (1)

i,

a, . ,
Personnei Desired: _‘;’{;;

Physicians (1) \‘;

Physi;logist, exercise (l)i,éiﬂfu”fr

2.
3.

u,

-

6.

7.

ey
p—

-

Anthropologist (1) =

Intervievers {2)
(Soe¢ial service and Community Health trained)

Pegistered lurse (1)
Technicians (2)

§ecretarial Staff (u)




ECUIDMENT:

Equioment available:®

1.

2.

30
4.

$.

16 Channel Electronics for Medieine photographic recorder

Pre-amplifiers and amplifiers {Efor M)
1. 2 ea. SGM (Pressure).
2. 1 ea. LLD (Semi-log)
3. 1 ea. DCA-8L {DC amplifier)
4. 5 ea. Single ended push-pull single ended tape converter
(14 Channel) ' .

Consolidated Electronics Tape Transport Mechanism
GilFord densitometer and withdrawal systems,

Fleisch bicycle orgometer

. Only major items are listed. Necessary support items are also available, .

Equipment Reauired: ' ) . .

1-

3-

4,

Pre-amplifiers: e x
1. 1 ea, SGM

2. 1 ea, 8 Channel tape
3., 1 ea. LEP-8

4, 2 ea, DC Amplifiers

o et

1 23, 12" Remote HMonitor with stand

Quinton; Model 1860 Treadmill with
programner

1 2. Lanooy Orgometer

1 ea, Orgometer pedaling assembly .

1 ea, Cas-gas chromatograph




1.

2.

3.

MISCOLLANEQUS :

The following additional peints are felt to be highly desirable to this
investigator, for the proper accomplishment of tais program,

Spacge:
el

While only 400 additional square feet of space was reguested abeove as
reguired, the addition of 600 square feetr would allow estadblishment

of a suitable space for blood and gas analysis and space for electronic
equipment and repair shop, both of which are highly desirable in

view of the number of subjects projected and the consequent number of
samples to be analysed; and also in view of the amount and frequency eof
use of complex electronie instrumentation and supporting gear.

Personnel:

a. The services of bjo-medical statistician in the design of this
study, the data acquisition and interpretaticn is deemed to be a
virtual necessity, in view of the number of observations to be made on
the projected number of subjects.

b. The.full time services of an elactronic technician for equipment
maintainance and assistance in data acquisitien is considered most
desirable and advantageous to the accoemplishrent of the study.

Establishment of an Advisory and Consultation Staff:

This program will utilize moderate t» severs stress in normal subjects
with known c¢irculatory disorders., %50 as to safeguard the rights of

the test volunteers and the moral and ethical aspects of this work and
also to assist as consultants in the e¢verall manapgement of this prograrm,
it is recommended that a Senior Advisory Board be established. The fol-
lowing are supgested as participants:

1. L]

2 !

3.
4. A
5. N
60 L ] .

7. '
8.







