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ABSTRACT

The ;élationshipvbetween tﬁrée monthé' participation iﬁ a cardiac
rehébili;ation exeréise'program gnd-éardiovasCﬁlar function, -as measured
by a treadmillvexércise stress test; was studied. ‘The pqrpbse of this |
investigation was to evaluate the cardiovascular conditioning response
to-an existing program. Nurses and other'members of the health team can
~uée this_information to provide mofe comprehénsive.care to:patients with
cardiac problems.

The sample consisted of 36 subjects whd haa a treadmill exerciée
étress test,rparticipétéd for three months iﬁ én'exercise prbgram, and
thén had a repeat treadmill exercise stress test. Information regarding
the cardiovascular ﬁarameters of'heaft rate, blood’pressuré,4§léctro--
cardiogram, and maximal double product wa§'obtained from the recordé of
both sets df‘tests, and the relatioﬁships betweén‘the values at the“time
' of the first test and‘the'sécond test were analyzed.

The diastolic blood preséure.at.three minutes post;exercise was
‘significantly lower afterAparticipation in,the exercise pfdgram. The‘
pre;exercise.resting hegrt rate, systolic énd7diasto1ic blpod pressures;‘
:ésvwell as the post-éxerciée sfstolié blood pressure decfeaéed._ Sigﬁifi4‘
‘cant increases in duration of eXeréise and'exefcise stage achieved wefe 
demonstrated.. The increasé-in'maximal doublerproduct was»atﬁributedgto~
-its measurement at the increased exercise levels. Somé iﬁérovement iﬁ'

electrocardiograms as measured by the-MinnésotaﬂCode was shown.

- vii-



CHAPTER '1
INTRODUCTION

’ Heart disease is the 1eadingvsasse of death in the United States.
For those whom it-does not kill, coronary heart disease can cause great
physical and emotional dysfunction. Coronary hesrt disease is caused by
an individual?s combination of certain factors. Reduction and pfeventisn
of coronary heart-disease depends on effective management of these risk
factors, inclﬁdiﬁg cigarette smoking, obesity, hypérlipidemia, hyperten-
sidn; insﬁfficient regular exercise, diabetes mellitus, and personality. :
Health profésSionals have a grsat responsibility to develdp |
effective preveﬁtiﬁe and therapeutic csronary heart disease control
meaSufes;‘ Cardiac rehabilitasion programs have Beén designed to meet
7 Jthis néed;- Naughton (1975:51) has defined cardiac rehabilitafion as
"that process by which a patient is resfored to and maiﬁtained at‘optimai‘
physiologic, psychologic, sosial,vand vocational status."-

In ordér to meet ailzof the seeds of these éatients; a cardiac .
rehabilitatioﬁ program must be comprehensive. Among the ssrsices to be
included are cardiac evaluation, edﬁ;ation,,and an_exercise program,
Cardiac evaluatioﬁ is accomplished by ah exercise sﬁtess test in<ords£
to detect coronafyrheart disease and-fo assess cardiovascular fitness,
T Eduéstional programs_ars'aimedrat reducing risk factofs and éreventing

heart disease, Exercise programs are designed to include cardiac



‘patients, high risk factor patiéﬁts,'and interested ndrmai‘Sﬁbjects° R
Cardiac patients include those with arteriosclerotic heaf£ disease,
stabiefangina pectoris, previous myocardial inférction, and pést-
operativé éardiac suréical'patiehts; The purpéses of ekeféise training
programs are to prévent deterioration‘of.the patient's physical condi-
- tion dutring the convalescent phasé and to incfease physical-work ca-
pacity. This would enﬁance the quélity of-life by increasing the
patignt‘é capébilities,for work and leisure acfivitiesﬁ kaercise»prb-
.gramslaré also aiméd at increasing cardiac éerfdrmance and reducing
:coronary'fisk, ‘In addition, such programs restore self-confidence and .
reduce'féar and épprehension in cardiac patients, Hellerstéin (1968:
1029) summarized theée purpéses in étating that cérdiac rehabilitation
,ﬁrograms can "add 1ife to years and perha?s add years to,lifeén

| Cérdiac rehabilitétion is°QCCOmplished thrbﬁgh a tgém effort, .
involving the patient and‘health professionalé, and nurses are an inte;
grél(paft_of this team, The chief Vnursing»réies arerpatieﬁt and.family;v
‘education and counseling, 1In additibﬁ to utilizihg techniééllskills, |
nurses in these settings are able to recoénize and élleviate emotionali
.distressrand‘to reinforce feelings of confideﬁce and cbmpetence, Perf:
hapé thebnurse is the staff member‘whom.the patient enéoﬁnters most |
frequéntly and thus ié best able to provide continuity of~Ca:é.

.bProblem
Wﬁat is the félationship bé;ween éhree months’ participationrin

Va cardiac rehabilitation exercisé proéram an& cardiovascular function,

as measured by a treadmill exercise stress. test?



Statement. of Purpose

The'purpose‘of this study was to eVai@até the-effeéti&eness bfi
‘an existing cardiac rehabilitation exercise program, Only one aim of
the progrém, éardiovascular conditioning, was examined.
| Thé informétion obtai;ed can be useful in several ways. - FifSt;,r
the patients in the program would.have evidence of their prégress, and
thqs their confidence and incentive can be increased., Secondly, the re-
sﬁlts would provide the directofs of the program with.information as to
whethér ér notrthey were aécomplishing their aims for thg program, The
.results of this stﬁdy might also point out to other health professiohals

and to the public the importance and usefulness of such an exercise

program.

Defihitions

1, A cardiac rehabilitation exércise pfogram is a physician super-
vised, individually prescribed regime of regular exercise, con;
~sisting.of walking_or;jogging,jthree times a_weék; A target
pulse rate is set as the target and 1imit for exercise, and

telemetry monitoring is maintained,

2. Cardiovascular function consists of fhevfollowing parameters:
a, Pulse rate‘is»the heart rate in number of beats per minute,
b. Blbod bressure is the pressure exerted by the blood on the
rwall of tﬁe-brachial artery as measured in millimeters of- ;
: l :

mercury. The diastolic blood pressure is that existing

during the relaxation phase. The systolic blood pressure-



iS'that createdrby the‘ejéction phase qf left ventricular
contraction,
¢, A standard 12;1ead electrbgardiogram recbrds the electrical -
iﬁpuises that,stimulate the heart to contract.
d. The makimal double produét is the product of thg'méximal re-
corded systolic blood pressure times the maximal recorded
2

heart rate times 10 -.

3. A treadmill exercise stress test is a multistage test in which -

- the subject performs graded levels of activity of gradually in-
creasing intensity on an electrically-driven treadmill until a

- predetermined endpoint is reached,

Limitations
1, No attempts were made for randomization of subjects,
2, Data were collected through'a.retrOSpective’review,of:informa-
tion récorded on subjects' charts.
3. Some parameters of cardiovascular function were not ﬁeésured,
4, Other types of’respopse to theAekercise program, including meta-

bolic, psychological, and neuromuscular, were not measured.

Theoretical'Framework
The ;hysioibgy,of exercise consists of those chemical and physi-
cal processes which occur to:transfofm éhemically béund energy into |
mechanical énergy. The_maiﬁ sources of energyrare carbohydfate and fat,

The carriers of energy within the cell are adenosine triphosphate (ATP)

and creatine phosphate. Glycogen is a third source of energy. The



cell’s primary sourcerof énergy-ié the-tefminal phosphate groﬁp of ATP.V
The energy released from these sources is transformedvinto mechanical’
work; that is, the contraction of skeletal muscle fibers.

- According to Phillips (Zohman and Phillips 1973:7), there are
threé phases of exéréiée in relétion to energy production. The first
phase of e#ercise dependé on phosphagenic energy. Witﬁ strenuous exer-
cise, pﬁosphagen stores are significantly reduced, and after‘15 seconds
they are 1érgely expended, particularly creatine phosphate. This-tyﬁe

~of energy is used for short-term exercise. To continﬁe exercise, energy
from other sources must be used.

The second phase of éxercisg utilizes aerobic_energy. ATP ié
resynthesized from adenosine diphosphéte (AbP) and,adenosine monophos-
phafe (AMP) by the energy derived from oxidative phosphorylation. The
energy ffpm‘dxidative pfocesseS'makes a sigﬁificantICOntribution to |
suétained muscular contfaétion after about 10 to 15 seconds. This slow
increase in oxygen uptake af the beginniﬁé of.exercise is due to‘the
sluggish adjustment of the oxygen transporting systems. For light to
ﬁoderate exercise, energy durihg!the first ﬁinﬁtes of exercise can be
aelivered aerébically.' The necessary oxygen is stored in the musCles‘
bound to myoglobin and in the blﬁod ﬁerfusing the muséles. ATheAenergy
ﬂgfived reache% a peak in about»threé minutes at any submaximal Iével of. 
sustainéd effoft, At this point, éxygen uptaké‘equaié the oxygen used
By thé tissues, and a steady state is reached. -Steady~state-work may be

-carried out for prolonged periods-of time without én oxygenblack dé-

veloping.



The attainmentrof maximél work requires maximum oxygen uptake,
WﬁichvéQuéls the'maximal-aeroﬁic power of an individual, Méximum-oxygen
uptake equals thé point at which oxygeniéohsumptipn plateaué. At this
rsteady.stéte.of bxygen uptake, there is no further iﬁcrease'iﬁ oxXygen
upfake &eépite further increaseé in ﬁofkrload.. The maximal oxygen ﬁptake

(VO, max) is a function of the maximal capacity to transport oxygeﬁ to

2 .
the tissues, A well-trained individual cén maintain a steady.state.at
relatively high work loads because of more efficient oxygen ﬁranéport'
and utilization in working muscles.

The third bhése of gxercise derives its energy from anaerobic
proceéses. Through the process of glycolysis, ADP is rephosphotylated
and lactate is produced. Lactate production from glucose makes no sig-
nificant céntribution to heavy muscular effort in the first-15A$econds‘
but reaches a peak in’about 35'secoﬁds. ' The rate of glycolyéis is
_ difécfly proportionai.to the amﬁunt‘of,wérk, up to .a maximal level.
Lacfié acid formation caﬁ>1ead to '‘acidosis. Thé accumulation of 1actate.
in working muscle decreases the effectiveﬁess of contraction, thereforé
rest periods between work 1evélé allpw time for lactate to diffuse into
the total body poollahd increase exerciée toleranc;. During very severe
exercise, muscle may use lactate as a fuel substrate, and the heart is
particularly effective in utilizingllactate as a direct energy'source.

There is an interplay between aerobié and anaerobic processes iﬁA
varying levels §f exercise; any. given work load requires a.spécific
amount of’energy. With 1ight exerciée,'aerobic prdcésseslcan ﬁrovideb

the energy. With more severe exercise, anaerobic processes supply part..



-of'the‘energy'during the eariy phasé ofbwork~ahd continUousl§‘thf9ﬁghoﬁt
exerci;e, The heavier the work load, the ﬁqré impoftant is the_anaéroﬁic
energy?contribution. Blood lactate poncéntrafibn increases and lowered

- pH affects muscle tissue and»respiration, The work becomes subjectively'
more strenuous.

The circulatory system pe?forms several functions in maintaining
‘physipal éctivity, These.include*deliyery-of}metabolic substrates; re- 
movai and redistribution of metabolites, transpdrf of hormones, heaf
dissibation, and oxygen transport.

 According.t§ Astrand and Rodahl (i970£153),~there are fouf
stagesvof circulatory response to exercise, ‘At rest, skeletal;ﬁuscles
réceive about 15 percent of the minute blood floﬁgvand their arterioles
are cbnstricfed and few capillaries are open. The heart rate is kept
Jdown by vagal tone. When or just before exercise Begins, parasympathetic
activify is inhibited and sympathétic activity increésed;> Heart fate
increases énd arterioles dilate. Blood flow to the abdomen and skin is
decreased. Venqus-constriction,'muscie pumping, and forced'respiration
increase venous return., Heart rate and cardiac output generallyrincrease
in proportiba té»the work load. Systolic blééd préssurevrises'iﬁ propor;
tion to the in;énsity of exércise,‘ﬁith a platead after several minutes,
Diastolic blood pressure is usually unchanged or slighgiy.degreased, In
the tﬁird stage, appropriate adjusfments occur, In the working muscleé;
arterioles dilate and capillaries §pen. In thé resting muscles, arteri-
oles cdnstrict; Finally, skin vessels diiatérto-dissipate;the produced

. heat..



. One of the béqeficiél resﬁonses to exefciég conditioning is a
more efficient aerobic meféboliém. Certain paraﬁéters of cardiovascular
function can be examined to measure this response. Heart rate is a mea-
sure of maXiAal oxygen'coﬁSumption. At higher raﬁges of maximal oxygen
uptaké, there is a_direct‘linear relationship between heart rate and
level of physicai exercise and to maxiﬁal oxygen uptake itself. With
physicél'conditiohing,van individual can perform é given work loéd.at a .-
1ower'pulsé rate, The incfease in myocardial oxygen requirément during
. exercise is measured by the‘product of heart rate and syétoliclblood_
pressure, The ability to perform éxercise dependé on the capacity of.
the myocardium to extract and utilize 0x§gen from the coronary arteries.
In geheral,-poorlyvébndifibned'individuals have avhigher pressure-rate
product atAa giveﬁ subﬁaximai work 1oéa than conditioned individuals.
The increase in heart rate with exercise qauées raté-related changes in
the repolarization events of the electrocardiogram, . These changes are'

refiected in the S-T segment and T wave.

Assumptions
1; ihé treadmill exercise stress-teét ;s a reliable, vaiid test of
cardiovaséular response to exercise,
2. Subjects' participation in the exercise program was dqnsistent

enough to create a training effect.

Hypothesis
Three months' participation in’a cardiac rehabilitation exercise

program will significantly (P < .05) improve four'parametefs of



cardiovascular function, comsisting of heart rate, blood pressure,

"electrocardiogram, and maximal double product.



CHAPTER 2 -
REVIEW OF THE LITERATURE -

Programs' of regularfphysical.exeféise have been demonstratgd to
.create a beneficial effect on cardiovascular‘functioning;- Evidenge of
such has been provided from studies of both healthy individuals and sub-
jects With‘céronary.artery~disease.' However, the exact mechanisms
through which this beneficial cardiovascular effect is accomplished have
not yet been élearly recognized and varioué hypotheses have been sug-
~gested, | -

The 1éck of regular pﬁyéicél exercise has been recognized'as a
-risk factor in the development of coronary artery dise;sé (Committee on
‘Exercise 1972). Knowledge of the iﬁfluénCe‘of exercise énd the lack of -
‘ it on cafdid&aécular functioning has led tofihe'devéiopment of cardiac - -

rehabilitation exercise programs.

Healthy Subieéts

‘in'an ear1y study of‘SOO appatentiy healthy males in the United.
States, Balke and‘Ware (1959) measured work capacity in £readmill tests.
‘with the criterion of maximum oxygen cdnéuinption° Théir :ésults showed
. that tﬁe heart rate atlanybgiﬁen»work 1oadrref1ectedvmdst'closely thé.
‘status. of ﬁhe work.capacity of the pérson,:énd that subjects with lowef :
work capacities had highgf systolic and diéstolic blood'pfeséurés at éoﬁ-
"éarable worknloaﬁé than those-with higher physica1 workvéapacities,;

10~



11. .

Other studies showed the effects of exercise éonditioning pro-
grams énihealthy.subjécts. Ekblom et alf (1968) étudied eighf healthy
male Studeﬁts, ages 19 to 27, Before and after a 16;week physical condi;
tioning program, They found that the highest recorded heart rate during
maximal exercise waé unchanged affer tfaining, butAthat the groﬁp mean. -
heart rate at fixed submaximal work loads decreased significaﬁtly from ,V
170 to 144.beats-per minute,_ Byrd, Smitﬁ,and Shackleford (1974) studieé
- 13 middle-aggd men,-ﬁith fourras contro1s and:nine as participants in a
12-week training progfém consisting of jogging. The mean heart rate at
rest and during éﬁbmaximal work décréased significantly in thé'trainéd
subjects, decreasing by ten beats per minute at rést and byv13 during
.Submaximai work. Hartley, Jones and Mason (1973) also demonstréted a
1owef_héar£ rate at submaximal work loads in. 12 subjeé;s after taining.
After six months of trainiﬁg, Skinner, Holloszy and Cureton (1964)

- tested 15Apreviously sedeptary:males with‘severél exergise7t61erance.
teéts.b During the bicyclé ergométer fest, thesé subjects were able to
pedal for progressively longer periods aééinst increasing resistance: be-
' fﬁre reaghing a heart rate of 150. Their mean heart rate was signifi-
cantly lower at eéch work loadbby épproximétely ten bgats pef minute,
Their_post-exercisejheart rate was significantly decrgased after é modi-~
vfied\Harvérd five-minute steﬁ'test But WAS‘unchangedAafter an "all-out"
treadmill run test.

Ekblom et al. (1968) found no change in érterial systolic, dia-

' stélic,*éndAmean blood pféssufes at rest éfter tfaining, but significant

increases at highest work 1oéds, Skinner et al. (1964) showed a



12
significant décrease in post-exercise systolic blood pressure, but no
significant change in .diastolic blood‘preséure, Hartley et al. (1973)

demonstratédisimilar results at submaximal work loads after training.

Cardiac Subjects

Hellérstein‘(1968), after.stndying 254 middle-aged men'with
coronary artefy'disease and 402 ndrmal coronary;prone—mén, conéluded
that it is probable that similar adaptations after physical conditioning
6ccur~in-normal‘persqnsvand cardiac éubjects, Naughtnn et al., (1966)
reéchéd similar conclusions after studying 24 mén Wno hgd fenovered from
:a myocardial'infarction/and 12 appérently healthy men; He snated that
the'cardiovascular response to physical Conditioning.for non-symptomatic
pbst-myocafdial infarction patients was consistent with that which
ocgnrred»in:apparently healthy men.’ ‘ |

Naughfon et 31;'(1966) found that, after eight months of train-
ing, the mean pulse rates while at rest and standing were lower in the
trginéd Cardiac'subjects than in the contrdl cardiac and normal subjegts;
AThéir pulse rates at each comparableonygenlrequiremént during treadmill
walking were-significantly décreasgd by 12 to 20 béats per minute,»but.. 
thére were nn differences.observea"in the sédentary men; Sanné,'Grinby :
and Wilhelmsen (as cited by Larsen and Malmborg 1971) studied 168 suB—
jects with previous myocnrdial infarctions;‘half of whom'participated in
a physical training program. They'snowed’no di fference in mean maximél
hea;f,raté before and after training. Thé'trained subjecté wére then
divided intovthree.grouns according to the reasons for stopping atka

work load of 600 kpm/min: angina, fatigue, and caution. The mean heart



13
raterat'this_work load decreased;by 16 beats ;er ﬁinute in the @ell-
tréiﬁed'gﬁoups:ﬁho stopped becauée of angina;or fatigue. Bergstrom,

.Bjernulf and Erikson (1974) studied-63 méles.with previous myocardial
infarctions, with'34.in the training group‘and 29 as feference.subjects,l
These authors deménstrated a signifiéant 1bwering ofrheart rates at thg._
same work loads before and after training and at the éémé submaximal
‘Work load this change.consisted df é1decreasé of 15 bééts per minute.
Detry and Bruce (1971) fdund significant decreases in heart rate only at
submakimal exercise levels, Lower heart'rates afte:'training were also
reported by Clausen, Larsen and Trap-Jehsen (1969), Gottheiner (1968),
Hellerstein (1968), and Varnauskas etvall (1966). ' ‘

Clausen et al, (1969) studied eighf_of nine cardiac patients who
pafticipatéd in-an exercise program, At reSt?'these subjects showed
significant_decreases in both.systolic and diastolic,blood préssureS'

. after trainingt During submaximal exercise, the brachiél artery‘mean :
blqod pressure was lower due to significant.decfeases in both s}stolic
and diastolic.bloo& pressures. The tensién-time index was de;feased
éignificantly,due tq the decreases in systoliC'bloodvpressure and heart
rate, therefore myocardiai work was decreased during ékefcise éf a givep
work load. Naughton et él, (1966) also reported sigqificant decreases

in systolié and diastolic blood preésures aﬁring treadmill walkiﬁg'in S
the fraiped'cardiéc subjécts,v Heliéfstein (1968) found a sigﬁificant
decrease in exercise systolic blood ﬁressure;' Bjernulf (1973), report- .
ing on the samé Subjgcts'as Bergétfom et al. (1974), fouﬁd significgnﬁ |

decreases in systolic, mean, and diastolic blood pressures during



%
'exercise_ih'the trained group. Gottheiner (1968) studied 3060 subjects
for ten;years; and 1103~of';hose'ﬁith ischemic heart disease fof five
years;  His resuits showed ﬁhat the_resting bloéd pressure tended to
diminish aftgr tfaining when it had been elevated and that abnormally
high<fises or paradoxic falls of blood pfesSﬁré during exercisé‘graaually
disappeared, Ihree of four mildly hypertensive patients stﬁdied 5y
Hellér §1967)‘exhibited an improvement‘in blpod presSufe which remained
normal after three to si# months in a training progrém.
| Detry and Bruée (1971) reported a significant decrease after
' .physicél training of the heart rafe times»systoiic blood pressuré product
during submaximal exercise,.whichvié an index of estimated myocardial jv
okygenvrequifemenf, Hellerstein (1968) aisé démoﬁstréted an improvement
in this product in subjects who adhered to.the exercise program.
Accordiﬁg to Hellerstein (1968), 63 percent of his subjects with-
abnormal initial electrocardiograms showed an improvement afte?rtraining 
in theirreXerciée electrocardiogram, as meaéured by amount of S-T seg->A
‘ment depression. ’S;T ségﬁent depressions during and after exefcise dis-
éépeared or were diminished in previously affécted leads and the ampli-
tudes of the R'and-T waves were éugmented in fﬁe'trained cardiaé subjects-
studiga by'ththeiner (1968)..- Barry et al._(1966) aﬁd Tobis‘and Zohman
(1970) alsé demonstrated improvements in the electfocardiograms‘of their
subjects. |
Detry andrBruce (1971) found a significant decregse iﬁ S-T
segment'depression-only’at submaximal exegcise levels in 14 subjects

studied. They concluded that the relationship between the magnitude of
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SfT segment depression during exercise and the heart rateltimes blood
pressure product used as an -index of myocardial oxygen cqnsumptioﬁ was
" not changed by physigal'training3v Because of that and because physical
‘traiping did ﬁot alter the relationship between the magnitude of S-T
segment depression and heart rate (or the héart rate tiﬁesfblood_érgssur¢ 
product during multi-stage treadmill testing), the authors suggestéd
that changes in S-T segmeﬁt response to submaximal and maximal ekercise
after training'resultedvfrom changes in heﬁodynamic response to exercise
.ratherrthan from'changes in myoéardial oxygen supply. Therefore, the
quantitatiVe modifications of S-T segmeht response to exercise after
training probably resultéd from changes in heart rate and blood pressure
responses rather than from an improvement in the cofonary circulation,

The results of most stﬁdies supporf the conclusion of Hellerstein
'(1§68)‘that the fraining effect>for patients-withAcﬁronary arfery disease
who participate in an exercise program includes thé ability to do more
_workiwith'fewér heart beats and a léwerbblood.p;eSSure. “The 1oﬁered
heart rate and blood pressure reduce the oxygenAcpnéﬁmptioﬁ demands:on
lfhe héarti(Bjernulf 1973).. . Nadghtonget al. (1966)'conclud§dvthat a
1ower heart rate ét comparable oxygen demands indiéates an improved

oxygen-pulse, which reflects an increased cardiovascular efficiency,



CHAPTER 3
RESEARCH DESIGN

This study was concerned with the,rclationship.between three
‘months' participation in a—cardiac-rehabilitarion exerciae program. and
cardiovascular funcrion, as meacured by a treadmill exercise stress test,
A retrospective eXparimentalcdesign of the one-group, before-after:type
‘was selected in order to seek answers to this problem. Descriptions of
the'rasearcﬁ design and the sample for this study are presented in this

chapter,

Déscription of Sample

The population consisted of all subjects who participated in the

4

cardiac rehabilitation exercise program of a cardiac rahabilitation'
center‘located in a general hospital in a southwestern city. The sample
for this'srudy consisted of all consenting subjects who completed three
ﬁonths io rhe program during the approximarely one &ear the program has
been in existence and whoae treadmill exercise Streaa testc were conduct-
‘ed at this center, This sample was chosen because a repeat treadmill
éxarcise stress test was.conducted.for a11vparticipantsAaftcr'the comple—{
tion of three months'in the program. |

Potential participants in the exercisé program-firér underéo-a

‘treadmill exercise stress test in order to assess .cardiovascular response

16
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to exercise and to detect coronary heart disease. _The'infbfﬁation:ob-
tained was used to .prescribe each individual's exerci;e regimé,'ATﬁ;
types of isotonic exeréise ﬁsed‘in this program‘consist of walking and
'jogging around an outdoor ﬁrack,' Treadmills ahd'bicycle ergometefé are
aiso available for indoor exercising. Far subjects who cannot tolérate
these exercises invél&ing the lower extremities, ﬁeighted,pﬁllies are
available for upper extremity exercising. The averagé exercise pre-
scription conéists of walking and/or jogging for seveh minﬁtes and rest-
ing for three minutesgrthis sequencé is repeated three times, Patients-
-yisit the center three fimes per week, A'targetjéulse rate is #et és
the target and limit for exercise., Telemetry monitoring is maintained
for as many éubjects as possible and participants are taught to count
ﬁheir own pulseArate éffer‘each.period of‘exercisé and rest., A physician,A
]regisfered.ﬁurse, and cardiopulmonéry technician.arelpresént-duringAéll
exercise sessions., Participants are advised to continue their exercise
regime bj themse lves on‘thpse days when they do‘not visit the center. 
Each participant's regime is graduallf progressedjas he can tolerate it.
.Tﬁe tafget.pqlse rate is %ncreaséd and the length of each exercise
session is sometimes increased. After three months, each subject is re-
fevaiuated with a treadmill exercise stress test. - The exei¢isevprescrip4
tion is accordingly adjﬁéted andafhe number- of weekly vidits is offeﬁA

0

reduced to two,

Protection of Human Rights 

The human fights‘bf the subjects involved in this-étudy,wére pro- 3

" tected according to the guidelines of The University of Arizona, These
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rights include the rights to infofned consenﬁ, confidentiality, and
protection,agéinst risks,n. |

>Ench subject had préviously,signgd an informed consent form be-.
fore eanh treadmill exercise stress_test at the particular hospital (see‘
Anpendix A) whichrincluded the nroviéion that the information obtained
may be used for statistical purposes with the fight of privacy nain-
tained, The use of coded data and COmputér énalysié were the means of.
providing confidentiality.

This study was designed to nrevent any physical, psychologicnlg -
or social risks tn the participants. The infofmation obtained had al-
-ready been recorded on the subjects' records, The privacy and anonymity

of the subjects was protected.

Data Collection Method

A»retrospéctive experimental design of the onefgrdun, before-
after type was delineated, A subjeét data form (Appendix B) was formu- -
lated'to collect the necessary dafa, All of~thé desiréd information was
present in each subject's medical ré¢0r&. Cardiovascular funcﬁidn was
- evaluated by a treadmill exercise stress test before éntrance inﬁo the n.
exéfcise program and again~éfter thfee months in the pngram, Thé
cardiovascular parameters of heart fate, blood nressufe'while supine;
and eleCtrocardiogram claésificatinn in the pre-exercisé resting period
were recorded frnm both testé, Both'exercise:test responses, including
stage achieved, total duration of e#ercise, maximum he%rt'rate,.blood
pressure at the ﬁaximum’rate; electrncardiogrém classification,.méximél_

double product, and the reason for stopping exercise, were also tabulated,
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Blood pressureé'aﬁd electrocardiogram clasSificatiéns in the post-
-gkeréiée periéd were also recorded,

- The treadmill exgrcise stress test-was:éonsidered to be a feli-
able; valid test of cardiovascular reéponse‘to,eXerciseJ A‘treadmill 7
exercise stress test is a multistage test in which the subject performs -
gréded‘levels‘of activit§ of gradﬁally increasing intensity'oﬁ an-
eleétrigally-driven treadmill until a pre—detérmined endpoint is‘reacl"zed°

The stages of exercise conducted at the participating center of the

folloWing:
Stage: I IT IIT - IV \'

Treadmill: Grade 0% 10% 10%. 15% 20%

Speed 2 mph 2mph 3 mph 3 mph 3 mph

These tests were condﬁcted by a physician and a cardiopulmonary techni-
‘tian, They recorded the results of the tests in each subjéct's medical
record, |

The Minhesofa Code was chosen as a standard classificationrméthod
qu recording'e'lectr_ocardiogram'respdnse° Thus the electrocardiogram re-
.sﬁlts would be reported objectively ahd consistently (Blackbﬁrn et al,
1960,fRose and Elackburn 1968), S-T segmeﬁt depression is considered to
be the most significant indication of'myocardiél ischemia'dﬁring ekercisé;
Thus, for_the‘purposes‘df this study, the S-T junction (@) andksegment
depression code for the resting electrocardiogram and. the S-T items
post—exerciSé (see Appendi# C)Awerebéhoseﬂ_f;r_énalysis. ‘A code of zero
was ,added to the post-exercise code as é categofy for those éubjegts

with no codeable S-T items both pre-exercise. and post-exercise,
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Dcca.Anaiysis
The chi square test:and Pearson product-moment correlation co-
-efficient were chosen as the statistical formqlasffor,analyzing the dgta,zv
Chi sqcare.is.a ﬁon-parameﬁric testiof significance and isjpcrticuiarly;'
uséfcl when the data prodﬁced are in fhe form of nominal scalec, It
'aﬁalyzes the significance of differences between groups being compared
invfcrms of qualitative variables. ItrdesignateS'the cignificance be--
tween observed and.expected frequenciesrof the variable being measured,

The Pearson product-moment corrclation coefficient is a para-
metric test.ofvéssociation for pairs of measurements. It is used when
the variables are quantitétive and describes the degree of relationship
betwécn the variables..~A positive value denotes a positive relationship,
and a negative value reveals a negative relationship.

It was expected that cardiovascular functioﬁ'would be improved
after three mOnfhs' participation in the cardiac réhabilitation‘exercise
program. When tested with the chi square test and Pearson product-
moment correlation coefficient,. the significance was expected to reach a

1eve1 of ,05,



- CHAPTER 4 .
'ANALYSIS OF DATA

Tﬁe'relatiqﬁship between threé monthsf participation in a cardiac
- rehabilitation exercise program and cardiovascular function Qas investi-
gated. The purpose ofrthis.chapter is to;éfesent the characterisficsvof_
the.gampleufor this study, the research findings, and an analysis. of

those findings.

Characteristics of Sample

The sample for this study consisted of 36vsubjects--29 males and
,sevgn»femaieé. The mean age was 55 years,:with'a»range-of 40 to 67
‘years} Calculated frém thevmaXimum age-adjusted heaff rate, the mean for
- this sample was 165.3, with a range of 153 to 180. Ihe-sﬁbjects were
divided into categories according to diéghdsis; ThereIWere'six subjects
with the diagnosis of arteriosclerotié heart disease, eight with a previ-
“ous myocardial infarction, 12 who had previdus cardiac surgery;~and teﬁ‘
Qho were listed as having a routine indicg£ion for testingl(see Table 1).

Information fegarding adhefence tﬁ;the exerciée program was
 avai1ab1e for 35 of the 36 subjects (see Table 2). The mean number of
weeks of_pérticipationrin the exercise prﬁgram was 14.2, with a range of
12 to 22 weeks. The mean number-of'schedulgd visitsbwasv42.3, with a

range of 26 to 66 visits. The mean number of visits missed was 6.7,

21
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Table 1. Diagnosis or indication for treadmill exercise stress test.

Diagnosis or Indication

- Number of Subjects

7  Arteriosclerotic Heart Disease
‘ﬁrevious MyocardialHInfarétion
Previous Cardiac Surgery
'Routiﬁg ‘

" Total

12

10

36

‘Table 2. Adherence to the cardiac exercise:

rehabilitation program.,

Exercise Schedule. Mean Minimum Maximum

 Number of Weeks in Program 14,2 12 - 22.
Number of Scheduled Visits 42,3 26 66
Number of Visits Missed 6.7 0 21
Number of Visits Made 35.5 24

55
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with a range of zero to 21 visits., . The mean number of visits made was

35,5, with a range of 24 to 55 visits.

Findingsb;

in the pre-exercise resting pefiod,‘the mean heart rate for the
first fegt waé 84, ﬁifh a range of 60 to 110. The mean heart rate for
-the sécond test was 81,8, with the same range as the first tesf.(r = |
.247; P < .145).. The mean supine syétolic blood préssure for the first
test was 125, with a range of 90 to 160.  For the second test, the mean
supine systolic blood pressure was 122.5, with a range of 80 to 160
(r é..235; P < ,166). The mean supine diastolic blood pressure for the
first test was 80.8, with a rahgé'of 60 to 100; for the seéond test,-fhe
mean was 78,9, with'a'range of 50 to 100 (r = .206; P < .227). These
pre-exefcise resting measurements are shown in Table 3.

The pre-exercise resting electrocardiograms were grouped into
.Athreé general categories (see Table 4), There were 15 subjects with a
normal électrocardiogram beforerthe first‘test;’22 before the éecond
test, and one subject'witﬁ a borderline ébnbrmal electrocardiogram before
each test, - There Wefe'20 subjects wifh an abnormal electrocardiogram
before the first test and 13 before the second‘test (X2 = 1,722,
P <-.786). Of the 15 sﬁbjects with a normal resting electrocardiogram
vat the time of the fifst test, five had an abnofmalvresting electro-
cardiogram before the second'test. The squect with a bordefline ab-
norﬁal resting electrocardiogram before_tﬁe.first test'had a nofmal
resting éléctrocardiogram for thé second tést, Of fhé 20 abnormalfresﬁ-

ing electrocardiograms'before'the_first test, 11 became normal, one was -
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Table 3, Mean pre-exercise resting measurements for test 1 and test 2, %

- Mean ' Pre-exercise Test 1 Pre-exercise Test 2
Heart Rate .~ : 84 . © 81.8
Supine Systolic ' : .
Blood Pressure , , 125 ' ‘ 122.5
‘Supine Diastolic S : T :
Blood Pressure 80.8 78.9 ..
*Heart Rate: | : r = ,247
: ' P< , 145
Supine Systolic Blood Pressure: r = ,235
. P <-,166

= ,206

Supine Diastolic Blood Pressure:
: ‘ < ,227

vl
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Table 4. Cross-tabulation of pre-exercise resting electrocardiogram.
' categories for test 1 and test 2.¥

Pre-exercise Test 2

Fre-exercise Test 1 Normal ~ oorderline — \p rmal  Total
: . Abnormal ' ,

Normal | 10 0 5 15
Borderline

Abnormal ' : 1 0 0 1
Abnotmal , ' 11 1 8 20
Total | 22. 1 13 36
%% = 1,722

P< .786
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borderline abnbrmal; and eight remained abnormal at the timé of'the
second téSt. The resting électrocardiograms were also categorizéd for”
S-T.junction (J) and segment depression_according to the Minnesota Code
(see Appendix . C). Data were available_fo? 35 of the 36 subjects. There
was one electrocardiogram in Code 1 fﬁr the,first test and three for theA
_ se;ond test; one in Code 2 for the first test and three‘for,the sécond
tést; two in Code 3 for the fifst testvaﬁd one for thé second test; two

in Code 4 fo# fhe first test and zero for the second test; and 29 in
Code 9 for each test (Xz ='50.352; P < .000).
VDuring the first treadmill exercise stress test, tﬁere were two
subjects who exercised to stage 1, 14 to.stage 2, 16>to étage 3, and
four fo stagebél During the second test, there were seven subjeéts who
exeréised fo stage 2, 18 to stage 3, 9 to stage 4, and two to .stage 5
‘(Xz =:37,02; P.< .000). :The exercisé.stages achieVed are shown in
.Table 5. The mean duration in minutes of exercise for the first’test was
6.3, with a range of three to 11 minutes. Fof.the second testgbfhe mean¥.
duratioﬁ of exercise was 7.7, with a rangé.of‘four to 14 minutés‘(r =
.597; P < .OQOI). The mean duration of exerciée_is shown in Table 6.
| ' The mean maximum heart rate recorded during exercise was 145 in
the first test,’with a raﬁge of 105: to 164. The mean maxiﬁum heart rate ‘
in the second test was 146.4, with é range of 102 tol16$.(r = ;442;
P < .,006). The mean éystolic blood:pressure‘recorded.ﬁhén_the.ma#imum ’
heart>rate was achieved was 164 for_the first test, ﬁith a range of 125 .
to éio, 'Thg mean systdlic_blobd breSSure at:thé maximum;heaft rate for

the second test was 166.1, with a range of 130 to 210 -
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‘Table 5. Cross-tabulation of exercise stages achieved in test 1 and

. test 2,%

Exercise Stages in ‘ Exercise Stages in Test 2

Test 1 ‘ 1 2 3 4 5 Total

1 0 2 0 0 0] 2

2 0 4 10. 0 0 14

3 - - o 1 8 7 0 16
4 0 0 0 2 2 4

5 0 0 0 0 0 0
Total | 0 7 18 9 2 36

'*xz = 37,02

P < ,600

Table 6. Mean duration of exercise in minutes for test 1 and test 2, *

Mean . , ; Test 1 - - Test 2
Minutes of Exercise o ' 6.3 7.7
o= 597 )

P < ,0001
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(r = .371; P.<-,028), The meanvdiastolic-Bloéd pressure at the maximum
heart rate was 82.2 for the first test, with a range of 60 to 110. For
the second test, the mean diastolic blood pressure-ét that point was 83,
: with é range of 50 to 100 (r = ,154; P < .389), The ﬁean maximal doubler
product during thevfirst exercise test'ﬁa$'227,1, with a range of 132 to
300. - During the second test the mean was 233, with a range of 140.to
0300 (r = .224; P < . 194), | |

S-T items at peak exercise just prior to stopping wérerqlassified
according-to the Minﬁesota Code for post-exercise records. Electro-l
cardiograms at this point in the first_test were available for 35 of the-
36 subjects. There were 14 electrocardiegrams in Code 0, ten in Cdde 1,
three in Code 2, zero in Code 3, two in Code 4, threé in Code 5, one-in
‘bodeA6,-two in Code -7, zero in Code 8, and zero in Code 9. Dgta were
availablé-for 36 subjects for the second test, There were 14 subjects
in Code 0, six in Code 1, three in Code 2, zero in Code 3, si# in Code 4,
"two in Code 5, one in Code 6, four in Code 7, zero‘in Code 8,‘and zefo ﬁy
Code 9 (Xz = 88.848; P < .000). The codeé for each subject in both tests
are listed in Table 7,

At the first test, there were-24_éubjects who.stopped eiercising
because they had reached their 90 percent maximum égejadjusted heart
‘rate; three because of arrhythmias,'one because of an abnormai?blood
pressure response, and eight bécause‘of a positive test in terms of ST-T
segment résponse. For the second tesf, thére;were 27:subjects Qho
- stopped Because they reached 90>pefcent of their makimum predicted hearf'
rate, two because of.chest pain, two because of arfhythmiaé, and five

because of a positive test (see Table 8).
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Table 7. Minnesota Code for S-T items at peak exercise for test 1 and

‘test 2.,
Subject Test 1 Test 2
1 2 0
2 1 2
'3 0 4
4 0 0
5 0 0
6 0 0
7 0 0
-8 0 0o
9. - 4
10 0 4
11 1 2
12 7 7
13 5 7
14 1 1
15 1 1
16 7 -7
17 1 7
18 0 Y
19 1 5
20 1 1
21 6 6
22 - 4 4
23 2 -0
24 0 0
25 0 -0
26 1 1
27 2 2
28. 0 0
29 4 4]
30 0 4
31 1 4
32 1 1
33 0 0
34. 0 : 0
35 5 5
36 5 1
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Table 8. Cross-tabulation of reasons for stopping exercise for test 1
~ and test 2, . o o . .

Test 2

2gnier- - Abmormal L . :
' : ' . Arrhyth~  Blood ' . Chest _
Test 1 Maximum mias . Pressure tive Pain Total
Heart . Resbonse Test
Rate P
90 Percent ’
Maximum . ' '
Heart Rate 19 1 0 3 -1 24 -
Arrhythmias 2 1 0 0 _ 0 3
‘Abnormal -
- Blood
Prqssure : o
Response 1 o 0 ' 0 0 1
Positive -
Test 4 5 o -0 2 1. " 8
Chest : .
Pain ' ' 0 ' 0 - 0 0 - 0 0

Total 2720 s 2 3%
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The mean supine systolic blood pressure three minutes‘after
exerdise was 131qur the firét test,.WitH a rangé of 110 to 180. For
the Secdnd test, the ﬁean supine systolic'biood pressure at that point
was 12'7,4, with a range of 95 to 160 (r = .234; P < .169). The mean
'supiﬁe diastolic blood pressurevthree minutes after exercise was 80.5
fbr the second tést, with a range of 56 to 100. For the second test the
mean was 78.5, with a range of 58 to 104 (- = .494; P < .002).

Post-exercise records for the Minnesota Code were available for
35 of-the 36 subjects after the first test and for all 36 subjects after
the second test. Three minutés after exercise, there were 20 electroQ
cardiograms in Code 0 for the first test, three in.Code 1, two in Code.2,
zero in Code 3,.one in C&dev4, four in Code 5, two in Code 6,‘two in
Code 7, zero in Codev8, and one in Code 9. Aftef thevsecond ﬁest; thére_
were 22 electrocardiograms in Code 0, two in Cdde l; three in Code 2,
zero in Code 3, two in Code 4, bne in Code 5, one in Code 6,.fiVe‘in

2

Code 7, zero in Code 8, and zero in Code 9 (X~ = 57.322; P < .057). The

codes for each subject after both tests are shown in Table 9.

Apalysis

In the pre-exercise resting state, the mean he;rt rate, supine
.systolic blood pressure, and supiﬂe diastolic blood pressure were lower '
at thevtime of the second test when compared to. the: first test, These
~ improvements, however, were ﬁot»significant,

There were éeven more subjecﬁs with‘normal resting electrocardio-
grams atlthe time of the second test; oﬁe'subject each time with a.

‘borderline abnormal electrocardiogram, and seven less with an abnormal
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Table 9. Minnesota Code for S-T items three minutes post-exercise for
test 1 and test 2, ' ' -

Subject . . Test 1 =~ Test 2 -
1 0 0
"2 1 2
3 4 4
4 0 0
5 0 0
6 9 0
7 2 0
8 0 0
9 - 0
10 0 0
- 11 0 2
12 7 7
13 5 7
14 0 1
15 0 6
16 7 7
17 1 7
18 0 0
19 0 7
20 6 - 0
21 5 - 0
22 1 4
23 0 0
24 0 0
25 0 0
26 0 1
27 0 0
28 0 0
29 2 0
30 0 0
31
32
33

W

I~
unmoooo
ounocoMNO
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resting electrocardiogram at thersecond test, = Because qf crossing over
among the'grOUps, however; these changes were not signifiéant stétisti-
cally. |

Twenty-nine subjects in each test had‘no~codeablg'S-T junction
(@) and segment depreésion in their resting electrocardiograms according
to the Minnesota Code. This information servéd_aé a basis for claésiff-
ing'changes in the exercise and post-exeréise electrocardiograms.

The subjects exercised to a significantly further étage in the
second test and they also exercised a significantly ionger period. of time
in minutes.

-The mean maximum heart rate recorded during exercise was sig-
nificantly greater during the second test;_ The mean systolic and dia-
.stolic 5196d pre;sufes recorded at that point»élSo increased, as'didAthe
maximal d&uble product., The increase in mean systolic blood pressure
_was significant, but the other changes were not.

There were 22 subjects whose Miﬁnesofa-Code élaSsificationrfor 
S-T items at peak exercise did not change in the second tesf. There
were nine (25.4 percent) subjects whose electrocardiogramé;improved and
four subjects (11.5 percent) whoée electrocardiograms worsened,

- The majority of subjects in both tests stopped becéuse they had
reached theif 90 percent maximum pre&icted heart rate., The next 1argest,>
group of subjects at both tests stopped because of a positiveltest in .
terﬁsrpf ST-T segment respoﬁse, .Theré were small vnumberélof‘subjects.:
who stopped because of arrhythmias? abnormal blood pressufe response, oOr

chest pain.
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The mean systoiic blood preésure thrée.minutes post-exercise was
_1ower_after the second test, bgt it was not significant. The.mean dia-
stolig blood pressure three minutes after the second exercise test was
significantly decreased.

| In the post-exercise period, there were 19 subjects whose Minne-
sota.CSde classification did not change in the second test. Thérelwere
nine subjects'whose electrocardiogramé imprqved (25.4 percént) and

seven (20.1 percent) whose electrocardiograms worsened,



CHAPTER 5
CONCLUSIONS, SUMMARY AND RECOMMENDATIONS

A retroépective study was'conducted to evaluate cardiovaséular
response to a cérdiac rehabilitation exercise program. Inforﬁation-re-
gafding,36 subjects was reviewed after three mbnths'iparticipétién in
the exeréise program. = In this chapter, the conclusions drawn from this

'sfudy will be presented, along with a summary an& recommendations for

further study,

Conclusioﬁs

The cardiovascﬁlar parameter of mean diastolicrblood‘preésuré at
.three minutes posf—exercise was‘sigﬁificantly 1oﬁer after pafticipafion
in the‘exércise program, Clausen et al, (1969) also found a éignificant
decrease in resting diastolic blood‘pressure,after training. This find-
ing has importaht'implications for thé treatment of hypertension, in
‘wﬁich.ﬁhe digstolic blood preséure elevation is most ;rucial.
Gotthéiﬁer~(1968) found that the restiﬁg blood pressure tended to -
. diminish -after training-When it had been elevated and Heller (1967).
showed.an improvement in blood preséufe in three of four~mi1d1y hyper-
tensive patients after exercise ttaihing. | -

Other significant improvements shéwn in this study were the in-

creases in duration of exercise and exercise stage achieved, After a
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»period of physicai training, these subjects were able to tolerate a
greater work load before needing to stop; Bergstrom et al. (1974) andr
others have reported significant increases ‘in work capacity after train-.
ing. The majority of subjects‘in this study stopped exercising because
' fhey had reaéhed their 90 perceht maximum predicted heart raté, there-.
fore for those subjects who reached this heart rate in béth tests there
ﬁwas,a capacity in the second test for an increased work load at thersamev
heart rate, reflecting a cardiovascular conditioning response.

It waé expected that ghe exercise systolic and diastolic_blood»
pressures, as-weil as the maximal double.product, would decrease., In
this study, however, they increased; and the changes iﬁ mean systolic
blood pressure and‘mean maximum heart rate were significant. These find-
ings'can be éttributed to the fact that the subjects exercised signifi-
cantly longer and at higher work loads, The heart rate,‘blood pressure,
» aﬁd maximal double product daté were those:obtained af the max imum iével
of exercise achieved by each subject. With the design of this study,
there was no way to determine heart rate'ahd blood pressure at equivalent
submaximal exercise levels. If these data were available, a valid com—‘
“parison of thése parameters during exercise would bekpossible. Sanne,
Grimby and Wilhelmsen (as cited by Larsen and Malmborg 1971) showed no
difference in mean maximal heart rate before and after_tréining, but
Bergstrom‘et al. (1974) demonstrated a significant lowering of heart
rates at the same work 1oéds after tfaining.

With'thé Minnesota Code classification of S-T iteﬁs;.it was

possible to demonstrate electrocardiographic improvement or worsening,
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7 but‘it'was not possible,toiduéntitate that change. Thé chi square
analysiS’ofrthe Minnesota Coderdemonstyated the chance that the obé-
served frequencies would. be found in.the general population, The
‘Minnesota Code% therefore, was an inadequate method of measuring electro-
cardiographic résponée to'exefcise trainiﬁg. Quantitative data régafde
ing S-T segment response to exercise might provide more valﬁable_informa-
‘tiqn about this cardiovascularfparameter.
| Inforﬁation regarding.adherence_tq the exerciée program was
”colleéted in'order to consider other variables affecting the sample and
.ité response to the exercise program, The subjects attended approximate-
1y 85 per¢ent of their scheduled visits and this would_indicatevgood*
~ adherence to the program, ‘This adherence rate should have a positive
influence on éérdiovascular conditioning, The nurse may play an im-
'portant role in ﬁotivatiﬁg the patients to adhere to their program.
Tt was hypothesized that three months' parfiéiéation in a

rcardiac rehabilitation exercise‘program would significaﬁtlf-(P < ,05)
improve four parameters of cardiovascular function, cohsisting of heart
rafe,<blood pressure, electrocardiogram, and maximal double product.,

The only statistically significant c&rdiovascular impfovemenf demon;
strated was that of a lower post-exercise diastolic blood pressure |

(P < .002). -

Summarzt':
Cardiac rehabilitationvprograms’ha%e been deVeioped as a ﬁéans
of preventing and treating coronary héart disease.: ~Such»programs_pr§-
"Qide cardiac evaluation, edﬁcétion, and an exércise prégram, and are

1
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accompliéhed_through a health team effort, in which nurses play ‘an
integral-:ole;

The purﬁdsés of cardiac exercise training programs are to pre-:
vent deterioration of the patient's physical condition during the con-
valescént phase, to increase physical work capacity, to increase cardiéc
performance, to reduce coronary risk, and to restore self-confidenée and
‘reduée fear and apprehensiop, in order to eﬁaluate the effectiveness of
an existing cardiac rehabilitation exercise:program, therrelationship
between three months"participafion in the program and»cardiovascular,'
function, as measured by a treadmill exercise stress test, was studied.

A retrospective experimental design of the one-group, before-
after type was selected in order to seek answers to_thié problem, baﬁa
were‘obtaiﬁed from thé medica1 records of 36Vcoﬁseﬁtiﬂgvsubjects who had
undergone a treadmill exercise stress test, participated for three months
_in an individualized exercise érogram'pf walking and jogging, and then -
had a repeat freadmill exercise stress test, The treadnill exercise
stress>test was considered to be a‘reliabie, valid test of cardiovascu-
lar response to exércise. Information regarding theAcarﬁiovascular
parametefs.of hear£ rate, blood pressure, electrocardiogram, and maximal
doubie product wasrobtained'from both tests and the rglationships
analyzed. |

Cardiovasculgr conditibning through‘exergise traiﬁing was ex-
amined, According to'Phillips (Zohman and Phillips 1973:7), there.are
three phases -of exercise in relation to energy pfoduction% bhosphagenic,

aerobic, and anaerobic. Phosphagenic energy>is used for short-term
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exercise. An interplay between—aerobic and anaerobic processes is in-
volved in'vafyingvlevels of exefcise, with any given. work load requiring'
a specificramount of energy, One éf_the beneficial responses to exer-
cisé conditioning is a more effiéienﬁ aerobic metabolism. Thé four
' parameters of cardiovascular fungtion examined in this study were used
.to measufe this fesponse. It was hypothesized that threé mdnths' par-
‘ficipétion in a cardiac rehabilitatiop exercise program would signifi-
-cantly'(P < .05) improve all four parameters. This hypothesis was only

partially borﬁe-put.

Heart rate is a measure>of maximal oxygen COﬁsumption; and with
physical conditioning an individual can Rerform a given work load at a
lower pulse.rate. The mean resting heart réte for this group was lower
after three months in the program, but it waé not significant.

The mean diéstqlic blood‘pressure at three minutes post-exercise
was significantly lower after participation in the exercise program.

The pre-exercise resting mean systolic'and dias;olic biood»pressures.and
the post;exercise mean.systolic blood presSurevwere also lower.

‘The increase in myocardial oxygen requifement during exercise is
measured by the product of heart rate and syétolié blood pfessure. The
meanjmaximal double product for this group increased after training, and
a decrease had beén expected. This finding, however,-was.attributed,to
the féctfthat the subjects exerciéed significantly longer and ét higher
work loads. These subjects exercised under a heavier work 1oad Before,
driving their 90 percent maximum predicted heart .rate and}ﬁaximal double

product, which indicates a positive cardiovascular conditioning response,

r
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The increase in heart rafe with exercise causes rate-felated

changes in the repolarization events of the electrocardiogram. S-T éeg-
ment .depression is consiéered to be the ﬁost significant indication of
myocardialiiséhemia during exercisé.' When classified according to the:
Minnésota Céde, the majority of electrocardiograms did not ;hange after
' tféining in this study.

| Thirty-six subjects were studied after threekmonths' participa-
tion in a pardiac rehabilitation exercise éfogram. Cardiovascqlar con-

ditioning, as reflected by a lower resting heart rate and blood pressure,

‘was partially demonstrated.

Recommendations

1, A similar study could be conducted with a larger sample and over
a ionger period of time,

-2, A'pro;pective study could be designed to'évaluate cardiovascular
response to a cardiac reﬁabilitation exercise program.

3. A method for’quantitating electrocardiographic response to exer-
cise; such as meééufing millimeters of ST-T segment depressioh,.
could be formulated as anAalternative to the Minnesota Code,

4, Heart rate, blood pressure, and thei?lproduct'could be measured
at equivalent submaximal levels of exercise and fhe'results:
anaiyzéd. |

5. Withva larger sample, certain subgroups, such as subjects with
angina, could be analyzed to. determine trends for that particular

subgroup.
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The response of subjécts with hypertension to a program of regu-

lar exercise could be studied.

" The role of the nurse in cardiac rehabilitation programs -could

be examined,
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SUBJECT CONSENT FORM
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ST, JOSEPH'S HOSPITAL

Tucson, Arizona
CARDIAC REHABILITATION CENTER

INFORMED CONSENT FOR EXERCISE STRESS TESTING

In order to determine an appropriate plan, in my medical manage=-
ment, I hereby consent to voluntarily engage in an exercise test to de-
termine my heart and circulation response to exercise, The information
thus obtained will help my physician in advising me regarding activities .
and/or medications, as indicated. : :

Before I undergo the test, I will have an interview with a phy-
sician., This physician will attempt to determine if there are any con-
ditions which would indicate that I should not engage in this test.

The test which T will undergo will be performed on a Treadmill
or bicycle, with the amount of effort increasing gradually. This increase
in physical effort will continue until a pre-determined heart rate is
achieved, symptoms such as fatigue, shortness of breath, or chest dis-
comfort may appear, and then the exercise test will be terminated.

_ Dufing the performance of the test, a physician and a trained
observer, will keep under surveillance my electrocardiogram and blood
pressure, ’

There exists the possibility of certain changes or complications
occurring during the test. They include, but are not limited to, ab-
normal blood pressure, fainting, disorders of heart beat, which may be -,
too rapid or too slow, and rare instances of heart attack and death. ’
Every effort will be made to minimize these changes by the preliminary
interview and observations during the exercise stress test. Emergency
equipment and trained personnel are available to deal with unusual situ-
ations which may arise,

The information which is obtained will be treated as privileged,
and confidential and will not be released or revealed to any person with-
out my express written consent. The information obtained, however, may
be used for statistical purpose with my right of privacy retained.

I have read the foregoing and I understand it and any questions
which may have occurred to me have been answered to my satlsfactlon and
I voluntarily glve my informed consent,

Patient

Witness

Date : Witness
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APPENDIX B

SUBJECT DATA

Subject
Sex 1. Male
2, Female
Indications/ 1. Arteriosclerotic Heart Disease
Diagnosis - 2, Previous Myocardial Infarction
' 3. Previous Cardiac Surgery
4, Risk Factors
5. Apparently Healthy
6. Other

Number of weeks in program
Number of scheduled visits
Number of visits missed

Pre-exercise Resting (Test #1)

Heart Rate
Blecod pressure systolic (supine)
Blood pressure diastolic (supine)

EKG Classification 1. Normal EKG
2, Borderline normal EKG
'3, Abnormal EKG

Minnesota Classification
S-T Junction and Segment
"1 Class
2 Class
3 Class
4 Class

(9 N,A,)

44
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26-27.
28-30

31-33

45

Exercise Test Response (Test #1)
Stage Achieved ' |
Total Duratién of Exercise (minutes)
Maximum age-adjusted heart rate

90 percent Maximum age-adjusted heart rate

Vital Signs at Peak Exercise

34-36
37-39
40-42

43

44-46

47

48-50

52-53

54

Maximum heart rate recorded
Systolic blood pressure at maximum rate
Diastolic blood pressure at maximum rate

Minnesota Code . - S
S-T items ' : ) T

Maximal double -product

Reason for Stopping Exercise 4
1, 90 percent Maximum Heart Rate

2, Chest pain
3. Dyspnea
4, Leg pain
5. Neurological signs
" 6. Arrhythmias
7. Abnormal blood pressure response
8. Other ‘

Post-exercise Period (Test #1)

__Systolic blood pressure 3 minutes after exercise (supine)

‘Diastolic blood pressure 3 minutes after exercise

(supine)

Minnesota Code

- S~-T items



55-57
58-60
61-63

64

65

66
67-68
- 69-71

72-74

Pre-exercise Resting (Test #2)

Heart Rate
Blood pressure systolic (supine)

Blood pressure diastolic' (supine)

EKG Classification 1. Normal EKG

2. Borderline normal EKG
3. Abnormal EKG

Minnesota Classification
S-T Junction and Segment
1 Class
2 Class
3 Class
4 Class

(9 N.A))

Exercise Test Response (Test #2)
Stage Achieved | |
Total Duration of Exercise (minutes)
Maximum age-adjusted heart rate

90 percent Maximum age-adjusted heart rate

Vital Signs at Peak Exercise

75-77

78-80

81-83

84

85-87

Maximum heart rate recorded

Systolic blood pressure at maximum rate
Diastolic blood pressure at maximum rate

Minnesota Code
S-T items

Maximal double product
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89-91 - _

92-94

95

47

Reason for Stopping Exercise

1.

o
°

o

)

°

NV DWN
o

°

90 percent Maximum Heart Rate
Chest pain

- Dyspnea
-Leg pain

Neurological signs

Arrhythmias

Abnormal blood pressure response
Other.

Post-exercise Period (Test #2)

(supine)

(supine) S

Minnesota Code
S-T ijitems

_Systolic blood pressure 3 minutes after exercise

_Diastolic blood pressure 3 minutes after exercise



APPENDIX C
MINNESOTA CODE ITEMS#*

- Minnesota Code for Resting Electrocardiograms

- 8-T Junction (J) and Segment Depression -

4-1 S-T-J depression 1.0 mmor more and S-T segment horizontal or

. downward sloping in any of leads I, II, aVL, aVF, V1, 2, 3, 4,
5, 6. ' .

4-2 S-T-J depression at least 0.5 mm and less than 1.0 mm and S-T
segment horizontal or downward sloping in any of leads I, II,
aVL, aVF, V1, 2, 3, 4, 5, 6. '

4-3 No S-T-J depression as much aé 0.5 mm, but S-T segment downward
sloping and segment of T wave nadir at least 0.5 mm below P-R
baseline in any of leads I, II, aVL, V2, 3, 4, 5, 6, '

4-4 S-T-J depression of 1,0 mm or more and S-T segment upward sloping,

or U-shaped, in any of leads I, II, aVL, V1, 2, 3, 4, 5, 6.

Minnesota Code for Post-exercise Records

S-T Items Post-exercise

11-1 Change from no coded S-T item at rest to S-T item type 4-1
post-exercise, )

11-2 Change from no coded S-T item at rest to S-T item type 4=2
post-exercise, ‘

* Taken from Rose and—Bléckburn'(1968,‘pp. 139, 141). .
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11-3

11-4

11-5
11-6

11-7
11-8

11-9

49

.Change from no coded S-T item at rest to S-T item type 4- 3

post-exercise,

Change from no coded S-T item at rest to S-T item type 4=4
post-exercise.

Change from one coded S-T item at rest to a lower numerical S-T
item post-exercise (for example, 4-3 at rest to type 4-1 post-
exercise), . .

Change from one coded S~T item at rest to a higher numerical S-T
item post-exercise (for example, 4-3 at rest to type 4-4
post-exercise). . ,

No change from resting coded S-T item (for example, 4-2 at rest
and type.4-2 post-exercise), :

Change from any coded S-T item at rest to no'reportable S-T item
post-exercise.

Questlonable 5-T depression post-exercise due to technical con-
siderations,
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