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ABSTRACT

IGNAGNI, Patrieia, A e rison study of the maximal
aoroble capacity of children with and without innocsent
heart muxmurs, M.S. Adult Fitness/Cardiac Rehabilitation,
1979, 65 p. (Dr. Philip K, Wilson;

This study was designed to investigate the differences in maxlmum
oxygen consumption (VOz) in children with and without an innocent heart
murmuir, Data was collected on 15 children diagnosed with an innocent
heart murmur and 15 children aged and sex matched to the murmur group as
selected from a local elementary school, The testing utilimed the Bruce
treadmill protocol to help access maximum VO,, maximum BER and endurance
time. The procedures included pre-test interviews, motovational tech-
nigues and a test oriteria for the attaimment of "tirue” maximum VO,.

The results indicated normal responses to the maximum exercise testing
with limited re~test evaluations necessary. There were no significant
differences in weight, maximum HR and endurance time (P >.05). There

was a significant difference (P <.05) in maximum VOp with the children

diagnosed with an inmocent murmur attaining a higher mean maximum VO,
(54,68) then those of the paired control group (44,04), Conclusions

support no cardiovascular impairment in children with innocent murmurs in
their abllity to perform high levels of work, This information is re-
commended to be used in the avoidance of restricting children with inno~
cent heart murmurs from participating in physical asctivities and in the

attairment of psrsonal life insurance,
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CHAPTER I
INTRODUCTION

Heart sounds ard mwemurs can be prime sources of essentisl infor-
mation on the disecovery and evaluation of many common diseases of the
heart and blood vessels (Rushmer & Morgan, 1968), Congenital and val-
vular defects are generally v.scovered through auwscultation of affected
infants and children, Physicians can detect the lesions and/or obstruc-
tions by carsful evaluatlon of the sounds and murmurs produced during
the contraction and relaxation of the cardiac cycle. Further diagnostic
procedures may include electrocardiography, X-rays, cardiac catheteriza-
tion and echocardiograms,

An imnocent heart murmur, often referred to as functional or incie-
den’tal,' has been identified as a sound produced by a normal functioning
heart (Castle & Craige, 1960; Epstein, 1958). Iuisida and his associates
(1958) considered it impossible to separate innocent murmurs from organic
murmurs, They malintained that the immocent murmur is in reality an or—
ganic murmur caused by elther a rheumatic process or a mild bacterial
lesion of the valve. The subject of the innocent versus the significant
murmar remains a very important problem in cardioclogy and, if diagnosed
carefully by a physician, these sounds are given no clinical slgnificance
because they are not believed to represent cardiac or systemie disease,
Misdlagnosis of children with innocent murmurs contribute a signifieant
percentage of patients referred to specialty clinles for cardiac evalva~

tion., As a result of these evaluations, irreversible physician and




parental induced disabllity osccurs., This disability may result in res-
triction from high excrting physical activities and athletic participa-
tion,

Moller (1977) stated that "inmocent murmurs are a common problem
present in half of all school age children” (P, 281), They have besn
shown to be more prevalent in children during “spurts® of growth and
those approaching puberty (Fogel, 1960), A study by two cardiologists
revealed that 60f of those infants studied had murmurs in the newborn
period (Lessoff & Bridgen, 1957). A total of 96% of these subjects
wore dlagnosed as having innocent murmurs, contrary to those associated
with a congenital defect, A survey of 119 children, aged one to ten
years old, revealed over 90% to have a coumon vibratory murmur
(Appleyard & Joseph, 1976)., These 119 patients had been referred to a
pediatric cardlology ¢linic for examination of an abnormal heart sound,
Although the incidence of innocent murmurs are high in children, they
are found to disappear with age (Marienfield, et al., 1962).

Many physicians and physiologlsts refer to imnocent heart murmurs
as representative of a strong and normal functioning heart (Contratto,
19433 Moller, 19773 and Blston, 1978)., The heart is a muscular struc-
ture vwhich works through dynamie contraction to transport bloed through-
out the human body, A4 very physically active child requires a strong
heart to help supply his/her ersrgy demands, Innocent heart murmurs may
be the result of the physical performance of a highly active myocardium
and circulatory system (Van der Hoeven, 1973; Sabbath, et al, 1979),

Although litorature reveals innosent murmurs conventional by pedis-
triclans, many family physiclians and parents will elicit caution when




permitting the c¢hild to participate in stremuous physical activity
(Fogel, 19603 Scott, 1978), A common method of determining the ability
of the heart to tolerate stress from physical activity is to administer
a graded exercise test (Eliestad, 1969). This exercise test can be
used to measure a child's maximum oxygen consumption (voz). A measure~
ment of an individual's VOp provides valuable information about their
maximal work power and the functional capacity of the oxygen transport
system (Astrand, 1967). A comparison of the performance between childw
ron with and without imnocent murmurs in a maximum oxygen consumption
test has not been investigated, A conclusion about the level of physi-
cal fitness and maximal performance of chlldren with innocent murmurs
can be drawn by knowing their maximum oxygen uptake and how this measure

compares to children without a murmur,

Purpose of Study
The purpose of the present study was to measure the maximum aerobiec

capacity of children with and without immocent heart murmurs . A measure-
ment of their maximum oxygen consumption provided data on their cardlo=-
vascular system's efficlency and endurance during the stress of exercise,
A statisticel comparison was made between the two groups to determine
significant differences in performance, This information could then pro-
vide a recommendation concerning the ability of a chlld with an innocent
heart mvrmur to participate in physical activities that require high

levels of aerobic power,



Need for the Study

An important part of a child's education is the teaching of con-
copts and skills for developing individual physical fitness. Physical
fitness has been defined as "the ability to do work and to recover
quickly and completely from doing this work" (Cumming, 1967, P, 865j,
The American Assoclation for Health, Physical Education and Recreation
(1969) has proposed that the achievement of optimum physical fitness dur-
ing the formative years is fundamental to the maintenance of fitness
throughout adulthood, The lack of physical exercise has been related
to the development of coronary heart disease (Cumming, 1967; Gordon,
1971; and Paffenbarger, 1975). It is necessary to teach children proper
behavior patterns that endorse lifs iong fitness, Tillman (1971) has
suggested that to avoid the danger of an inactive lifestyls beingp es~
tablished in children, parents should make every effort to devslop and
encourage opportunities for participation in physical activity, Parents
and teachers who are given the responsibility of providing opportunities
for children with innocent murmurs often question their ability to per-
form high levels of physical activity, These questions and doubts lead
parents, teachers and sometimes physicians to restrict the development
of optimal physical fitness by curteiling the child's activity level.

A measurement of the maximum aerobic capacity, the best single
measurement of physiological fitness, in children withk innocent murmurs
will provide data that will give sufficlent evidence as to health dan-
gers involved in the performance of high exerting physical activity,

The need for this study arises from not only the questlon of these

murmurs restricting children from physical activity, but also other




psychological and social factors that may affect thelr lives, Unfortu-
nately, many individuals are refused life insurance because mandatory
physical examination reveals the presence of a heart mumur. In a con-
ference hold between representatives of various life insurance companies
and physicians specializing in cardiac problems, expected mortality rates
were classiflied and assigred to normal individuals and those with organ- )
ic and functional murmurs. When compared to an expected mortality of
100% in normal people, those of organic origin had a mortelity of 187%,
but those listed as functional had less than the standard mortality of
only &5% (Manning, 1977). Further questions and doubts as to the serious-
ness of imnocent murmurs occurs when found to be present in high perfor-
mance athletes (Davis, 1977), Research studies have shown physiological
varistions in the contractiiity of the heart (Van der Hoeven, 1973) and
viscosity of the blood (Sabbath, et al. 1979) to be different in thosze
children diagnosed withan innocent murmur,

Standard norms for maximum oxygen consumption VO, in children with
or without innocent murmurs have not been developed, Maximum values
measuring endurance time, heart rate and oxygen levels have been collec-
ted in large sample groups, but have not been statistically validated as
normative values (Kramer, 1964; Klimt, 1976; and Cimming, 1978).

The lack of standardized norms in conjunction with the social im=
plications for the child with an innocent murmur precipitates a need for
a statistical comparison in the physical work capaclity or maximum VO,
with children having no diagnosed innoccent heart murmmr,



Delimitations

The following varlables were carefully selected and controlled in
the design of this project. The delimitations of this study were:

1, Experimental group subjects wore 15 children aged 5 to il medi-
cally dlagnosed with an innocent heart murmur from the Gundersen Clinic,
Ltd,, Skemp-Grandview Clinic and The Family Practice Center of La Crosse,
Ine,

2., Control group subjects were 15 children age and sex matched to
the experimental group.

3. All subjects lacked prior experience in treadmill testing ox
medical contraindicatlon to stressful exercise.

Iimitations

The external factors that were uncontrollable limitations of the
study weres

1, The subjects motivation to perform maximum performance levels
in the graded exercise test,

2, Individuwal differences in thelr physiological response to
graded exercise tests,

3. Individual differences in matwration and growth levels,

4, Lack of control over the subjects' daily health, dietary and
extracurricular activity patterns,

Assumptions
The following assumptions were made about the design and procedures
of this study, They were:
1, AN subjects reached their maximum oxygen consumption,




2, All subjects lacked prior testing experience on a treadmill,
3. All values were correctly recorded by the instrumentation and
technician in charge,

Definitions of Terms
Aerdﬁic; the use of oxygen in the production of energy during exer=

cise,

Anaerobics the asbsence of oxygen in the production of energy during
exercise,

Auscultation; the act of hearing and interpreting the sounds pro-
duced by the heart,

Diastollc; the part of the cardiac eysle which represents relaxation
of the mussle (especially of the ventricular) and dilatation during rapid
fi1ling of blocd.

Electrocardiogram (EKG); a graphic tracing of the electric ocurrent
produced by the excitation of the heart muscle, The EKG can be used to
determine the physical condition of the contracting heart, It also pro~
vides a measurement of heart rate,

Innocent heart murmar; a benign sound not produced by any anatomical
or diseased sta;.e of the heart,

Maximal exercise; the optimal level of physical work an individual
can perform while exercising,

Maximum oxygen consumption (VQ&). ; the maximum amount of oxygen an

individual can utilive per unit time, This represents the power or work
capacity of the aerobic (oxygen) system, It is expressed in milliliters

of oxygen per minute per kilogram body welght,




MET; a term characterizing resting metabolic rate, It is considered
equal to an oxygen uptake of 3,5 milliliters per kilogram body weight per
ninute,

Phonocardiopgraphys the graphic registration of the sounds produced by
the action af tha heart,

Pre-ojection time; a perlod in the cardiac cycle which represents
a static contraction of the heart muscle prior to the ejection of blocd,
The heart has completed its f11ling phase and has closed its mitral and
aortic valves, This time is used to indicate heart muscle contractility,

Rospiratory exc e ratio (RER); this is the caleulated ratlo bet-
ween the amount of COp expired from the lungs and the amount of 0y taken
up,.

Septal defect; an imperfection or absence of tissue within the divid-
ing walls of the heart's cavities,

Stenosis; a narrowing or constriction of a canal,

Submaximel exercise; an exercise rate less than maximal, usually ex~
pressed as a percentage of maximal heart rate or oxygen uptake.

Systolic; the contractile or emptying phase of the cardiac cycle,

Viscosity; the resistance of the blood characterized by the flow of

one layer over another,




CHAPTER II
REVIEW OF LITERATURE

Introduction

Research in the physlology of children has been conducted in an in-
croasing number of laboratories and important progress in thls field has
been accomplished, Dynamic stress testing can and has been used to
evaluate the pedlatric patient. Investigations on the exercise physiolo~-
gy of children and their progressive physical work capacity has led to
the devslopment of tests and procedures in determining the fitness level
of normal children and those with heart and lung disease (Godfrey, 1970).
However, methods used for exercise testing in children must be suited to
the child and to the purpose of the test, Motovational techniques in the
form of play and competition is necessary to obtain the child's complete
cooperation, especially in the pre-school years (Hermanse & Oseid, 1971:
Jordan, 19783 Thoren, 1978).

Measurement of Meximal en Consumption
A universally accepted method of determining physical work capacity
or maximum aercbic power 1s to measure the amount of oxygen an individual
can take in,transport and utilize at the highest lovel of exercise inten-
sity that can be achieved (Astrand, 1967). Measuring maximumm oxygen con=
sumption (VO2) has been performed on children as young as four years old
(Cuming et al. 1978) and has been determined as the best indicator of

cardiovasonlar fitness (Astrand, 1967).
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Research has shown treadmill exercise tests to yleld a higher maxi-
mum VO; than bicycle ergometer tests (Glassford, ot al, 1965), Perfor-
mance on a treadmill test requires a greater muscle mass and increased
oxygen supply to aotive tissues (Hermanson & Salton, 1969). A treadmill
test offers conditions of exercise (walking and running) that belong to
the daily physical activities of a child (Klimt, 1971).

Maximum Pxorcise Testing
Methods of testing children and adults have led to controversy in

the usage of maximum or submaximum exercise intemsity. Submaximum exer-
cise testing in children hazs been based on heart rate response to a pre-
determined workload, Mocellin, et al, (1971), developed the Wynq method
of determining physical work capacity and estimating maximuwm VO5. The
purpose of developing thls method was to set up an imdirect technique in
determining maximum VO, from a heart rate response (3170) at a pre~
determined workload (Watts). ,The 19 children (13 to 14 years old) were
tested indirectly by the Wipg method and directly through computer analy-
sis of expired gases., The results showed individual differences in heart
rate response to the workload (Watts). Estimation of maximum VO, from
regression values achieved in the Wipp test and direct measurement methods
showed lower valnes in the Wipp test, A similar study (Hermansen & Oseid,
1971) tested the ability of the Astrand and Rhyming nomogram to estimate
maximum VO, from heart rate at a submaximal workload, The 20 prepubertal
boys studied showed 10-20% lower maximum VO, values in those estimated by
the nomogram, Guitin and associates (1977) showed that in children, phy-
sical training reduced submaximal heart rate without affecting thelr maxi-
mur V0o, implying that maximum VOp and submaximal heart rates are to some




i1

extent independent of each other, Although submaximal tests may be suf-
ficient in comparing an individual's functional capacity pre and post med-
ical treatment, it nonetheless does not allow for differences in a child's
maximum heart rate on their overall response to exercise testing., With
this information a more accurate exercise test would utilize a direct
method (analysis of expired gases) when comparing the maximum VO, of
children,

Protocols

Protocols used in testing children on treadmills have been developed
to correspond with the age and physical napacity of the child being tested.
Jordan (1978) has reviewed all possible implications of varying protocols,
One method keeps the speed constant and ralses the grade of the treadmill,
This makes the child climb a tremendous hill in a fast walk, which tends
to make the leg muscles extremely tired and often causes early termination
of the test, Other protocols rely on speed and not inclination, which
sometimes resulted in children bscoming uncoordinated and thus hindering
measurements, Cuming, et al., (1978), found the Bruce Protocol (Bruce, et
al, 1973) (Apperdix J) to be suitable for testing children with an exer-
cise capacity as low as 5 MBIS, The Bruce protocol provides a quick in-
erease in grade and speed, allowing the child to reach maximm intensity
within 18 minutes, This protocol is suitable for children as young as
four years and provides a slow speed in the first stage for a necessary
WaYm=up.

Repeated measurement of maximum exercise tests in children have
shown to be highly reproducible and reliable (Van Watershoot, et al,

19773 Cumnming, et al, 1978; and Roganski, et al, 1979),




Cumming, et al. (1978) and Rozanski, et al, (1979) both performed two

separate maximal treadmill exercise tests according to the Bruce
Protocol, Cumming, et al, (1978) performed a study to test the suita-
bility of the Bruce Protocol in young children., A portion of his re-
search included testing the reproducibility of results, Twenty normal
school children aged 7 to 13 years performed the Bruce test on two occa-
sions 3 to 10 days apart, The endurance times (13,942.1 min for trial 1
and 13,7+1,9 min for trial 2) gave a correlation co-efficient of 0,94,
Rozanski, et al, (1979) performed two separate tests on 19 children (5 to
15 years old) with chronic ventricular arrhythmias. Their results
found no statistically significant difference between the first and
second exercise test in any child with regard to mean maximal heart

rete achieved (192422 versus 196+19 beats/min) or mean maximal systolic
blood pressure (162432 versus 162+26 mm Hg), Van Watershoot, et al, (1977)
tested the reliability and reproducibility of maximal VO, measurements
in children, The experimental procedures included a criteria to es-
tablish the presence of a "true” maximum VO, during an exercise test,
This criteria was based on the presence of a plateau in VO, as work load
is increased, Two test sessions were conducted on 66 ten year old ice
hockey players. The protocol consisted of a continuous speed (4,1 mph)
with a raise in grade every two.minutes, A platesu was considered to
have l;een reached if the oxygen uptake increased by only 2.1 ml/kg min
or less over the last two workloads of the test., The results showed a
correlation co-efficient of 0,74 in those children able to reach the
criteria in both tests, In a test-retest comparison, the reproduci-

bility of max VO, was high although the criteria was not always reached,
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The researchers agreed that the values obtained are dependent on the
motivation of the chlld to work to near exhaustion and on the skill of
the technielans in the handling of young children,

Physiological Response to Exercise
Differences in the response to exercise between boys and girlis have

shown to be nonsignificant before the age of 12 (Astrand, 1960), Beyond
the age of 12, improved physical performance is due to the maturity of
the neuromuscular function, improved coordination and body size (Astrand,
1967; Thoren, 1978), Pre-pubescent boys and girls will vary slightly in
their maximum heart rate or oxygen consumption levels during exercise,
Small differences in maximum VO, in boys and girls of the same age may
be due to maturation level and somatotype. Forbes (1964), using a whole
body scintillation counter, suggested that the lean body mass to height
ratio is similar both for boys and girls age 7 to 12 and slight differ~
oences in maturation wlll not affect physical performance before puberty,

Normative values on the hemodynamic response of children during
exercise is not available, yet several investigators have provided in-
dividual research data on children's physiological response to exercise
and training (Gilliam, 1971; Thoren, 1971; Cumming, 1967; Skinner, et al.
1971; Astrand, 1960). Values obtained during maximal exercise have
shown to be consistant among the literature published. Heart rate res-
ponse and maximal heart rates are high in young children (»195 beats/min)
and slowly decrease with age (Thoren, 1978). Gilliam (1971) investi-
gated the exercise response in children ages 6 to 13, Prior to initia-
ting & physical training program, the children were brought to a

volitional maximum exercise intensity. Gilliam found no significant
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differences in the maximal heart rates of the different age groups or
between the boys and girls studied.

Maximum VO, measures the amount of oxygen that can be utilized by
the lungs and transported to the working muscles, At a high exercise
intensity, an inorease in workload may not be accompanied by an increase
in VOp (Astrand, 1967). At this point the VO, values may plateau indi-
cating a maximm oxygen uptake has been reached (Astrand, 1967). Re-
ported values on a healthy child's aerobic capacity (max VO3) ranges
from 34 ml/kg/min to 60 ml/kg/min (Astrand, 1970; Klimt, 1971; Thoren,
1978; Curming, 1967), These values are proportionally higher than
those reported by the Committee on Exercise of the American Heart
Association, which found maximum VO, as low as 38 ml/kg for men in the
age group 20 to 29 years and 34 ml/kg/min for women of the same age in
the United States (Thoren, 1978). The respiratory exchange ratio (RER)
has also been used to indicate an individual has reached his/her maxi-
mum VO, A normal progression of the RER is to increase slowly at the
start of exercise, level off during submaximal work and continue to
reach or exceed 1,0 (Thoren, 1978; Klimt, 1971; Skinner, 1971). Klimt
(1971) tested 48 five year old children and measured the effect of
treadmill exercise on oxygen consumption (voz), heart rate, pulmonary
ventilation and respiratory exchange ratio (RER), At a submaximal
workload of 4 km/hr a leveling off or “steady state" was reached, All
paremeters, including VO, had increased and became constant, After
five minutes of recovery a second workload of 4 km/hr at a 15% grade
showed a step increase in all variables, No “steady state” was reached
and maximum velues were measured. The RER decreased during the sub-
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maximal workload then increased during the submaximel workload then
increased during the following recovery time, This was due to higher
intake of oxygen compared to alr volume ventilated per mimute, During
maximal testing the RER initlally dropped and then increased readily
throughout the workload, Heart rates reached as high as 208 beats per
minute, The girls tended to have the higher heart rates, whereas the

boys measured. nonsignificantly higher VO,.

Innocent Hesrt Murmurs and Exercise Testing
There has been a limited amount of data presented on children with

innocent heart murmurs and thelr response to exerclse, One of the most
exclusive experiments conducted included testing children with imnocent
murmurs and establishing maximum endurance times using the Bruce Tread-
mill Protocol (Cumming, et al. 1978). In this study 327 children with
inmocent murmurs wern given a maximal exercise test. Ages of these
children ranged from four to fourtesn years. Mean endurance times of
both the boys and girls of different ages ranged from 9.5 to 14,1
minutes with mean maximal heart rates ranging from 193 to 206 beats per
ninute., All testing was conducted using various motovational techniques,
The purpose of these tests wers not to evaluate the child with a murmur,
but to determine the value of the Bruce Protocol and to determine how
endurance times correlated with direct measures of maximal oxygen uptake
and weight to height ratios. Results indlcated the ratio of weight to
height (used to deteimine obesity) has a negative correlation to endur-
ance times, The results also revealed negative correlatlons between the
heart rates for stages 2 and 3 of the Bruce test and endurance times in-
dicating those with slower heart rates during the submaximal portion of




the test had a longer endurance time, Unfortunately, no values were

compared to children without murmurs nor was the correlation (0.85)
botween maximal oxygen uptake and endurance time taken from th inno-
cent heart murmur sample., This correlation was comducted on 54 athletes
10 to 18 years old, The study did show the protocol and estimation of
endurance times valuable in clinical testing,

Cumming (1978) later continued his research on children using the
Bruce protecol (Bruce, et al. 1973), endurance testing and percentile
ranks, The testing included obtaining maximal heart rates and endurance
times in 830 children classified with mild, moderats and severe heart de-
fects, These results were then compared using percentiles with the 327
children previously tested with an imnocent heart murmur, A third sample
group of 388 healthy children received the same maximal exercise test in
their school, The overall age range for all sample groups was 4 to 20
years old, The study was conducted over a three year period using the
same supervising technicians,

The results indicated that the children with moderate to severe
heart defects (septal defects and stenosis) were unable to score abuve the
50th percentile of the children with innocent murmurs, A total of 21§ of
the children with heart defects scored below the 10th percentile level
while 478 scored below the 10th percentils level of values obtained from
the school group, Even though the children with tns innocent heart mur-
murs were not dirsctly compared to the school group on the percentile
ohart,' their endurance times were lower. This explains the endurance
times being closer between those children with heart defects and child-
ren with innocent murmurs, Cuming explained these differences between
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the schoel group and children with immocent murmurs as being due to the
envirommental condltions of testing. The normal children were tested
in their school with other children cheering them on (competition) dur-
ing the test., Although the investigator first describes his second
group as children with innocent murmurs, he finishes the article with
labeling them normal elinic patients, Consideration was made for the
fact that they were attending the clinic for other medical reasons and
this mey have affected their results, Godfrey (1970) suggested that
exercise tests might be used to differentiate between innocent murmurs
and nild structural heart disease, yet data using endurance times as the
main criteria does not support their view, Cumming, et al, (1978), were
able to show a high correlation between the endurance times and actual
VO2 of athletes, however, the inability to sustain long periods of
exercise and pain m;y result in underestimation of maximum VO, in normals
(Astrand, 1970),

Innocent Heart Murmurs

Incidence |

In the past years there have been numerous research studies empha-
sizing the imcidence of innocent heart murmurs in school age children
(Thayer, 1925; Schwartzmann, 1941; Friedman, et al. 19%9; Appleyard &
Joseph, 1976)., Differences in the interpretation of murmurs may be due
to the mothod of auscultation or the training of the physician making
the diagnosis, Reports on the presence of innoccent murmurs in e given
school age population range from 7% (Richard, et al. 1955) to %%
(Lessoff & Brigden, 1957), With a highly sensitive sj.ethoscope_,%a graphic
study revealed a100% incidence of the innocent systolic murmur in children
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(Paulen, S, & Mannheimer, 1957), Physicians who are experienced in the
interpretation of heart sounds consider it unusual to find the absence of
an innocent murmur in a healthy child (Moss, 1970; Elston, 1978).

Contratto (1943) studied the cardiac status of 2856 Harvard College
students, The results found 12,3% of the students had systolic murmurs,
Follow-up studies using X-rays and electrocardiograms revealed 11,6% to
have innocent murmurs, Unfortunately a fairly lerge number of these
students had previously been restricted in their activities because of
the prusence of a hbart murmur,

Diagnostic techniques have been used to deotermine the significance
of imnocent murmurs in athletes, Davis (1977) revealed a case study in
which a professional basketball player was referred to a cardiac clinic
for evaluation of a loud systollc murmur and abnormal elsctrocardiogram
(EKG). The athletes EKG showed inverted T waves which often suggests
ischemia (lack of blood supply to the heart) in a cardiac patient, X-rays
showed an enlarged left ventricle, During a stress test his EKG became
normal when his heart rate reached maximal levels, In a cardiac cathe-
terization, results showed clear coronary arteries, The murmur was accen-
tuated at maximal exercise, All responses were considered normal and the
athlete was allowed to pursue his professional carser,

Although innocent murmurs have a high incidence rate in children
and young adults, they are found to disappear with age (Marienfeld, et
al, 1962), Marienfeld, et al. (1962) conducted a 20 year follow-up study
on 139 children with phonocardiographic innocent murmurs, The subjects
wore first examined in 1939 and diagnosed with a marked systolic vibra-

tory murmur, Twenty years later, the investigators located 96 of the
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subjects for sxtensive re-examination, Only two were presented with
heart disease, presumably relsted to the childhood murmur, A total of
80% of the subjects re-examined were found to have a complete disap-

pearance of the previously diagnosed murmur.

Characteristics

Children are commonly referred to cardiclogists for clinical
evaluation of a heart mumur, A cardiologist will use the fundamental
cheracteristics of innocent murmurs to help distinguish them from organic
disease, These characteristics are primarily based on the intensity and
location of the murmur, Often children who may have congenital disease
will be asymptomatic and are discovered through routine auscuitation of
the heart (Harvey, 1976)., Moller (1977) amd Scott (1978) have both pro-
vided information on the common features of immocent murmurs, They in-
clude:

1, Intensity must be lower than a grade III on a level

of I-VI,

2., Duration of the murmur is very short,
3. Innocent murmurs may be assoclated with normal

heart sounds, mainly splitting of the second sound, Eva~

Juation must include listening for change in intensity and

degres of splitting.

L4, They usually vary with posture, exercise, res-
piration and common childhood infestations (fevers, colds
and flu),

5. Heart size and volume capacity will be within
normal limits,
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6. Innocent murmurs can be almost always found during
systolic, except for the Venous Hum, which has a diastolic
component,,

7+ The murmur should not be assoclated with cardisc
symptoms, such as chest pain or shortness of breath,

The most common immocent murmurs have been named on the basis of
their distinguishing characteristics. Epstein (1958), Castle & Craige
(1960), Harvey (1976) and Moss (1970) have all given description of
thelr sound frequency, intensity and location. There are five common
irmocent murmurs, Careful evaluation of these murmurs will help dif-
ferentiste them from serious heart abnormalities., They are:

1, Vibratory Murmur, This murmur is commonly called Still's
murmur, which may be musical in nature bscause of possible fluctuating
wake of blood pr normal vortex shedding of the muscle fiber (Moss, 1970),
Vibratory murmurs are low to moderate in grade and frequency and can be
best heard over the third to fourth intercostal spaces of the rib cage.
A phonocardiographic tracing reveals a uniform wave pattern in contrast
to the complex pattern of mitral valve stenosis (Fogel, 1960). Many
children found with Still's murmur have been assoclated with high physi-
cal activity and low mortality rates (Manning, 1977).

2, Pulmonic Ejection Murmur, This murmur ocours during the rapid
phase of blood ejection into the pulmonary artery. The timing occurs
during mid-systole, An ejectlion murmur is best heard over the pulmonary
artery between the second and third left intercostal space, The sound
.may inorease with exercise, but may never exveed a grade ILL intensity.
It is most closely evaluated in terms of the second heart sound. This
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is important to help distinguish it from murmurs produced by atrial
septal defects or mild pulmonic stenosis (Moss, 1970; Fogel, 1960;
Castle & Craige, 1960).

3. Yenous Hum, This murmur represents the increased blood flow
in the neck, Its maximal intensity may be associated with fever, anemia
and exercise, This murmur differs from the rest because it is a con-
tinuous murmur that has an accenuated diastolic phase, 4 wenous hum can
also be easily distinguished from organic disease because movement of the
head or compression of the neck vessels may alter the sound (Scott, 1978).
Innocent "thrills” were found to be associated with 500 children examined
with a venous hwm (Bujack, et al, 1976). Although the thrill has been
shown to be common, it still may lead to unnecessary catheterigzation be~
cause of their similarity to organic heart lesions (Harvey, 1976).

L, Cardiorespiratory Murmur. Normal contraction of the heart
canses compression of a portion of lung tissue, A4s a result of this con-
tact between the heart and lung tissues, 2 loud high pitohed screeching
murour may exist, It is almost always systolic in time and varies in
intensity during the phases of respiration. Inflamation of the heart's
protective sac (pericarditis) or lower respiratory infections may change
the sound's intensity (Castle & Craige, 1960).

5, Carotid Bruit. Auscultation may find sounds originating in
tke right carofid artery. Thls sound ocours during the time of rapid
ejection of blood into the vessel., It can be distingulshed from aortie
stenosis because of inaudibility at the aortic area (Fogel, 1960).
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Research on Inmocent Heart Murmurs

In recent years studies have been conducted to investigate factors
that may participate in the production of innocent ejection murmurs
(Sabbath, et al, 1979; Van der Hoeven, et al, 1973). Flow murmurs such
as the venous hum and carotid bruit are accentuated by recognized
physiologic circumstances that produce high flow, These circumstances
are caused by conditions of anemia, infection and exercise, Ejection
murmurs (pulmonic and vibratory) are commonly determined to be a cause of
turbulent blood flow (Sabbath & Stein, 1976). The viscosity of blood is
one of the rheologlc factors that has been studied for its contribution
to the production of the bloods turbulence believed to produce heart
murmurs (Theyer, 1925), Sabbath, et al., (1979) investigated the visco-
gity of blocd of fourteen women (18 to 22 years old) that had an innocent
ejection murmur and 26 (same age) that had no murmur. All had normal
blood counts, but those subjects with an innocent murmur had a signifi-
cantly lower hematoocrit (P<0.01) and consequently the viscosity of blood
in these subjects was lower, The diminished blood viscosity increases
the tendency toward turbulent flow and this may contribute to the audi-
bility of the murmur,

Van der Hoeven, et al. (1973) studied the hemodymamic aspects of
left ventricular function in 15 children with vibratory murmurs and 15
matohed controls, The study measured exclusively the pre-ejection time
(PET) during the cardiac oycle and revealed that those children with vi-
bratory murmurs had significantly lower (P{.05) PET than children without
a W. The findings suggested that some vibratory murmurs may be at-
tributed to a higher gontractility in the myocardium, resulting in a peak
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flow through the aortic ostium, PET was found to return to average
values in children whose murmurs had later disappeared,

Studies have also been conducted to help localize where murmurs
may originate and what parts of the cardiac cycle they may be found
(Stein & Sabbath, 1977; Stuckey, 1957; Licbman & Sood, 1968). Innocent
ejectlon murmurs are normally thought to be of pulmonary origin. Stuckey
(1957) studied 228 children with ejection murmurs and found 96 to be of
aortic origin, Mwrmurs that originate in the aorta closely resemble
those of aortic stenosis and may need further investigation, Stein &
Sabbath (1977) used interarterial sound equipment to measure ten sub-
jects with audible vibratory murmurs and found the murmur to have a
groater amplitude within the aorta than within the pulmonary artery,

In those patients that experlenced premature ventricular contractions
during the study showed an even greater increase in the audibility of
the murmur at the aortic valve, Both studies conclude that the aortic
valve may have less compliance against the strong contraction of the
left ventricle,

Although diastolic mwrmurs have always been considered abnormal,
Liebman and Sood (1968) reported on nine normal children with diastolic
murmurs, Their study used intracavitary phonocardiography within the
left ventricle of children referred for evaluation of a systolic murmur.
The children had normal EKGs and cardisc X-rays, Multiple parameters
of right and left heart catheterizations were normal in all. Results
indicated that the £illing phase within the left ventricle, especlally
in a supine position may produce audible sounds. These sounds are hard
to distinguish using a normal stethoscope, but may be important in

clinicians responsible for dlagnosing a significant murmur,
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Additional sounds such as gallops or clicks may be produced in
children because of other medically reversible conditions such as acute
anemia (Moller, 1977)., Growbth of the blood vessels may cause dilita-
tion and change in the elasticity of the large vessels that may be in-
volved in the production of these abnormal clicks (Harvey, 1976).

Sunmary
The field of exercise physiology has produced several studies re-

vealing the effects of exercise and training on children (Saltin &
Astrand, 1967; Skimmer, et al, 1971; Klimt, 1971; Thoren, 1978). Normal
values on the exercise response in children can be extrapolated from data
reported in the literature (Hermansen & Oseid, 1971; Gilliam, 1971; Thoren,
1978; Cunming, 1978). Before puberty the exercise responses of boys and
girls will not be significantly different (Astrand, 1960). The Bruce
treadmill protocol (Bruce, et al, 1973) has been shown to be suitable for
children as young as four years old (Curming, et al. 1978), Children
are capable of producing a maximal effort on a treadmill exercise test
thus allowing a measurement of maximum VO, to be used as a tool to
ovaluate cardlovascular fitness, The reliabllity of maximum exercise
tests in children are shown to be high (Van Watershoot, et al, 1977;
Rozamski, et al, 1979)., The validity of the maximum exercise test can
be facilitated by motovational techniques, patience and understanding

of children's emotional responses (Jordon, 1978),

The prevalence of innocent heart murmurs in children is high
(Appleyard & Joseph, 1976) and the uncertainties associated in their
diagnosis often cause physicians, teachers and parents to restrict the
activity level of these children (Fogel, 1960; Moss, 1970; Harvey, 1976
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Scott, 1978). Characteristics of innocent heart murmurs have been re-
ported to help distinguish them from heart disease (Moller, 1977: Moss,
19703 Scott, 1978)., These characteristics may have similarities to
those murmurs associated with organic disease (Epstein, 1958; Harvey,
1976), Research on the exercise response of children with innocent mur-
nurs has been limited to the measurement of endurance time and maximal
heart rates while attending a medical clinic for evaluation (Curming,

ot al, 1978; Cumming, 1978). Physiological differences in innocent
heart murmur children can be seen in reported values on lower blood
viscosity (Sabbath, et al, 1979) and shorter pre-sjection times of their
cardiac cycle (Van der Hoeven, 1976).



CHAPTER III
METHODS AND PROCEDVRES

The purpose of this study was to compars the physical working capacity
of two groups of children (boys and girls) with an age range of 5 to 11,
The experimental group consisted of 15 children medically diagnosed with an
innocent murmur. The 15 control group children were age and sex matched to
the experimental group from applications received from a local elementary
school,

Administrative consultation and approval was necessary prior to test-
ing any children. Permission was granted by the University Human Use Com-
mittee, La Crosse Board of Education and Mr. Terry Witzke, Principal of
BEmerson Elementary School (Appendix A), Referral forms and instructions for
patient participation were submitted under the direction of Dr, P, K, Wilson
and Dr, A, C, V, Elston, to the Gundersen Clinic, Ltd., Skemp=Grandview
Clinic, Ltd,, and the Family Health Center of La Crosse, Wisconsin (Appen-
dix B & C),

Every child selected was assessed for maximal oxygen consumption (V0p)
on a treadmill graded exercise test., Preliminary pllot testing was conduc-
ted to evaluate the consistancy and accuracy of the procedures and equip~-
ment, The actual testing of the children's cardiovascular endurance end
physical work capacity was evaluated by measuring the level of oxygen
utilized by the body during peak maximum exercise, This was represented
by an increase in the resl.:iratory exchange ration (RER) and a plateau of
oxygen levels (Klimt, 1971; Van Watershoot, 1977). All testing was conduc-

ted over a twelve week period,

26
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Subject Selection
Experimental group subjects were obtained through referrals made by

physicians of la Crosse, Wisconsin, Physicians were requested to fill out
a referral form (Appendix B) for any child between the ages of 5 to 11
that had been ¢linically diagnosed with an innocent heart murmur, The
child's parents were presented with a form that included the purpose of
the study, testing procedures and application for participation (Appendix
C). The physicians returned the referral by mail with information pertain=-
ing to the child's medical history, The parents of the 15 experimental
group subjects cooperated by returning the signed parental consent., These
children were then scheduled to be tested in the study,

Children for the control group were selected from the Emerson
Elementary School of the La Crosse, Wisconsin, Public School District,
The purpose of the experiment and procedures were explained to every Kin-
dergarten through fifth grade class, The children were shown pictures of
the treadmill and apparatus to collect expired air with both the children
and their teachers given the opportunity to ask questions, Various physio-
logical information such as inerease in heart rate, blood pressure and
oxygen consumption was discussed as normal exercise response, Dates on
testing and the location of the Human Performance Laboratory were provided,
Each child was then given an application and consent form to be completed
by their parent(s) or guardian(s) (Appendix D), Homeroom teachers col-
lected the completed forms and returned them to the principal investigator
st the University of Wisconsin - lLa Crosse, Over 100 application forms
for the control group were returned, The subjects for the study were

selected on the basis of age and sex, which were matched to those children
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referred with an innocent heart murmur. Age matching included using

birth dates to keep the paired children within a six month range, Birth
dates which fell wlthin 12 weeks before or after the innocent murmur
child's birth date was acceptable, Each child's physician from the control
group was contacted by letter (Appendix E) to determine any contraindica-
tions for their participation in the study, The primary physician was

also requested to inform the investigator if they were aware of an immocent
heart murmur to be present in these children. Any response was to be made
within five days or the researcher assumed no innocent murmur and/or con=-
traindication existed, BEach letter was personally delivered to insure
physician'’s avallability to comply with the request,

After selection and clearance was made for each child, letters with
information on the experimentor's backgrourd and requirements for partici-
pation were sent to each child's parent (Appendix F)., This letter also
gave a tentative date for a pre-test interview. Follow-up telephone calls
were made then for final scheduling,

Pre~Test Interview

Prior to testing each subject and parent(s) were required to attend
a 30 minute orientation session. The primary purpose of this session was
to familiarigze the srbjects with the procedures and envirommental condi-
tions of the study. On each subject a file was maintained which included:
(1) returned application form, (2) referral form (experimentsal group only),
(3) informed consent (Appendix G) for testing and (4) data evaluation
sheet (Appendix H)., A brief discussion with each child and parent(s) or
guardian(s) was held to review the purpose and need of the study, Infor-

mation on the application was checked for accuracy or possible changes,
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Egch parent was asked to read and sign the informed consent, Questions as
to its implications and purpose were discussed,

Instructions on the proper procedures of the test included practice
on getting on and off the treadmill safely, The handrails were used for
balance while placing one foot on the moving belt., When the children felt
comfortable, they placed both feet on the treadmill and walked for three
to five minutes, Keeping a balanced stride was emphasized along with con-
centrating on the focus point (colorful poster) that was directly in front
of the treadmill, Each subject was also fitted and familiariged to the
head gear, mouth plece and nose clips used to collect expired gases, Elec-
trodes were also placed on one subject and demonstrated for their purpose
in determining heart rate during exercise, Final instructions were given
for wearing proper exercise clothing and avoiding heavy meals two hours
prior to the test, Scheduling included one hour time blccks subjective to

availability of the parents and children,

Motivational Techniques

To help insure the attaimment of an accurate measure of the subjects
maximal oxygen consumption several motivational techniques were employed.
Various methods of verbal encouragement were employed to persuade each
child to perform the test well., Parents were asked to encourage their
children to try his/her best. A battery operated buzzer was connected to
the treadmill to be used as an emergency stop button, This made the child-
ren feel safer and less reluctant to perform at maximal lsvels. Pictures
of cartoon characters were hung in front of the treadmill in order to give
a visual stimulation and a focus point for balance. The children were ale

lowed to take home strips of their exerclse EKG and computer readout, In-
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formation on the results of the study was made available to all subjects
and their families (Appendix I), This information was also provided to
the physicians that participated in referring their patients with innocent

heart murmur (Appendix I).

Test Description
The D treadmill (Model 200) was used for all tests, The Beckman

Metabolic Measurement Cart (MMC) was used to analyze the expired gases,
Calibration of the treadmill was conducted on each day of testing which
usually consisted of five to eight tests, Calibration of the MMC in-
cluded a check and adjustment of the volume, temperature and barometric
pressure, The IB-2 (carbondioxide analyzer) and OM-11 (oxygen analyzer)
were calibrated with standardized gas samples (Scholander, 1947), Addi-
tional adjustments were also made on the turbine, drierite crystals and
air circuit systems when necessary (Woolf, T. A., 1975, Pp. 40-47),

Frior to testing each subject’s helght and weight was recorded., The
subjects were instructed to rest in a supine position for five minutes. A
bi-polar lead system (CM-5) was connected to the appropriately prepared
areas (Sheffield & Roitman, 1976). The Quinton (Model 609) exercise car-
diotachometer was used to record the electrocardiogram (EKG). A resting
heart rate was recorded while the subject remained in the supine position
The head gear, mouthplece and noseclips used to collect expired air wers
carefully fitted and secured, The MMC was programmed for the proper
weight and set to provide data every 60 seconds (Woolf, 1975, P. 10).
Final instructions were 'given to each subject to use the emergency buzzer

to make the experimentor aware of test termination, Subjects were encour-
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aged to exercise to physical exhaustion of maximal intensity., The tread-
mill handrails were used for balance when necessary.

The Bruce Treadmill (Bruce, et al, 1973) test protocol was adminis-
tered (Appendix J)., A heart rate count was recorded every three minutes
by running a six second strip on the cardiotachometer., The oxygen levels
and RER were provided every minute by the MMC, Each subject continued
until peak maximum oxygen levels were achieved, This was determined by a
plateau of oxygen levels and a RER approaching or exceeding 1.0, Maximum
heart rate and the total time of the test was recorded at the sound of the
emergency buzzer, The automatic STOP button on the Beckman Cart recorded
the final oxygen consumption measurement.

An oight minute recovery period was administered on each subject at
a 1.7 mph speed and 0% grade, Heart rates were monitored and recorded
every two minutes, After eight minutes each child was asked to sit until

resting heart rates returned to normal,

Statistical Analysis of the Data
In order to evaluate the statistical comparison of maximum oxygen

consumption in children with and without inmocent murmurs a student's

"t* test (Downie & Heath, 1974, P, 124) for independent groups was utlized,
It was necessary to find the mean (X) and the standard deviation (SD) of
both groups (Table I) in order for the values of maximum oxygen consump-
tion to evalwuated by computer, The ,05 level of significance was used to
test the null hypothesis of no differemce between the group means. This
basic statistical tool was the only test necessary to determine the signi-
ficant difference of the maximum aercobic capacity of children with innocent

NUImUrs .




CHAPTER IV
RESULTS AND DISCUSSION

The purposs of this study was to compare differences in the maximum
aeroblc capacity of children with and without innocent heart murmurs, A
treadmill exercise test and subsequent computer analysis of expired gases
(Beckman Metabolic Cart) was utilized to measure maximal oxygen consump-
tion (maximum VO2)., This measurement in conjunction with maximal heart
rate and endurance time was statistically evaluated to determine if any
significant differences in cardiovascular efficiency were apparent
(ability to utilize oxygen during maximal exercise) between the experi-

mental and control groups of the study,

Subjects
Data was collected on 15 children (experimental group), referred by

pediatric physicians, with an innocent heart murmur, Fifteen children
(control group) were then selected on the basis of age and sex and
matched to those children in the experimental group., Both groups con-
sisted of nine males and six females, aged five to ten years, Bach sub~
ject had been cleared medically by their personal physiclans and reported
to have no contraindication to exercise testing, The referral forms
(Appendix B), which requested characteristics of the innocent murmur, in-
dicated 53% of the experimental group were diagnosed with systolic ejec-
tion murmurs (pulmonic), 34% with a continuous vibratory murmur and 13%
were not given. All murmurs were labsled low in grade ({III) and inten-

sity, as dlagnosed through normal auscultation,

32
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Although not experimentally controlled, esch child participated in
regular physical education classes at his/her respsctive elementary school.
Only one child examined had been previously involved in an organized sth-
letic program. Delimitations of the study eliminated amy subject with

prior experience in treadmill exercise testing,

Data Collection

A1l testing was conducted at the Human Performance Laboratory at the
Unlversity of Wisconsin ~ La Crosse, during the months of April te June,
1979, During a pre-test orientation session, subjects were eliminated
from the study if they were unable to perform at a fast pace (3.2 mph to
4,0 mph) on the treadmill with reasonable amount of coordination and
balance, As part of the testing procedures and to help eliminate inade-
quate test performance, parents were asked to cooperate by making sure
thelr children received a proper amount of sleep, avoided a heavy meal
and did not participate in physical activities preceeding their maximum
exercise test.,

The success of the testing was dependent upon the motivation of the
subjects, Those children who wore highly competetive performed well in
exhibiting maximal effort. Some children needed constant encouragament
to work harder at the higher intensity workloads. Verbal encouragement
by the parents and investigator elicited positive responses, The criteria
used to measure “true” maximum VO, in the subjects were (1) a plateau of
maximm VO, levels (5 ml/kg/min in two consecutive stages): (2) peak
values of maximum VOp at the completion of exercises {3) a respiratory ex-
change ratio (RER) spproaching or exceeding 1,0; and (4) subjects' physi-
cal characteristics at the completion of maximsl exercise. Common charac-

e
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teristics included sweating, high ventilation rates and the need to use
the treadmill handrails for balance. When necessary, re-test evaluations
were held three to four days after the initial test,

A post=test research design was implemented to compare maximum oxy-
gen consumption of the experimental and control groups, The data collec~
ted :\mciicated all children had normal hemodynamic responses to exercise,
This included a steady increase in oxygen levels and heart rate as the
intensity of the workloads increased (Figures 1 and 2). A plateau of
oxygen levels and heart rate occurred during submaximal workloads (stages
2 and 3 of the Bruce Protocol) and then preceeded to show a continusl
rise in values until maximum leovels were reached, Both the heart rate
response and maximum VO, values were comparable to those reported in pre-
vious research (Klimt, 1971; Thoren, 1978). Research on endurance times
were also avallable in the literature for both normal children and those
with innocent heart murmurs (Cumming, et al., 1978; Cumming, 1978), The
values obtsined for endurance times in this study revealed the responses
to be above the range reported for children five to ten years old (Appen-
dix X), There were no abnormal responses in either group during exercise
or recovery which would indicate the inability of thelr cardliovascular
system to tolerate maximal intensity workloads. This was determined by
observing the electrocardiograph, heart rate and physical tolerance dur-

ing the test and recovery period,

Results
At the completion of exercise ‘Eesting the data for both the experi-
mental and control group were evaluated for mean (%), standard deviation

(SD) and numerical range of the (1) weight (pounds); (2) maximum VO,
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Mean Heart Rate Response with Increasing Workloads

x = Experimental Group (N=15)

o = Control Group (N=15)
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Bruce Treadmill Protocol
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(ml/kg/min)s (3) maximum heart rate (beats/min); and (4) endurance (min)
(Table 1),

A statistical evaluation using the student's t-test {Downie & Heath,
1974, P. 98) was utilized to test for significant differences between the
experimental (innocent heart murmur children) and control groups (Table 2).
The data revealed no significant differences in weight (P»,05), maximum
heart rate (P»,05) and endurance times (P».,05), There was a significant
difference (P¢,05) between maximum VOp, with the experimental group re-
porting a higher mean maximal VO, (54,68 ml/kg/min) than the controls
(44,04 ml/kg/min), Maximum heart rates were within the normal range (195
to 210 beats/min) of recent data published on children (Thoren, 1978).
Endurance times for the children (5 to 11 years old) with innocent heart
murmurs ranged higher (10,48 to 18,2 min) than those reported by Cumming,

et al. (1978) (Appendix K).

Discussion

The purpose of this investigation was to compare the maximum aerobic
capacity of children with and without innocent heart murmurs, The need
for the study resulted from the high incidence of innocent murmurs among
children (Fogel, 1960; Harvey, 1977) and the restrictions in the physical
activity resulting from thelr presence. An increased interest in develop-
ing and maintaining physical fitness early in life, and the avoidance of
social implications (refusal of life insurance) due to medical diagnosis
of an innocent murmur has led to the necessary testing and evaluation of
children with innocent murmurs, As a result, more consistent eriteria
for evaluating its incidence and characteristies have been developed
(Moss, 1970; Moller, 1977; Soott, 1978). An evaluation using graded
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Table 1

Experimental and Control Group Characteristics

Experimental's
Variables Mean Standard Range
(n=15) Deviation
Age (years) 7.8 1.7 5=10
Weight (1bs,) 56.9 10,2 39-72
Maximum VO
(ml/kg/min% 54,68 8.0 43,6=71,0
| Maximum Heart
l Rate (beats/min) 202,2 10,11 188-220
l Endurance Time
l (minutes) 15,03 2,07 10,48--18,2
Control
Group Variables Mean Standard Range
(n=15) Deviation
Age (years) 7.8 1.7 5-10
Weight (1bs,) 60.9 11.0 48-81
Maximun VO
(ml/kg/miﬁ 4y, 0k 10.3 30.0-62,0
Maximum Heart
Rate (beats/min) 199.3 13,4 180-220
Endurance Time
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Table 2

Significance of the Differences Between
the Control and Experimentsl Variables

Experimental Control Significance

Variables Group (means) Group (means) t=Value df Level
Maximm VO,
ml/kg/min 54,68 44,04 3,13 28 .05
Weight (1bs) 5649 60,9 1.02 28 w
Maximum
Heart Rate
(beats/min) 202,2 199.2 675 28 *
Endurance time
(min) 15,03 13.85 1,64 28 *

*nonsignificant (P> 05)




exercise testing can serve as a diagnostic tool in distinguishing those
children with innocent murmurs from those with organic disease (Godfrey,
1971),

The present study made a statistical comparison between the maximum
VOp of ohildren with and without murmurs, to provide information on the
efficiency or possible limitations of their cardiovascular system, Child-
ren possessing a significant heart defect might not (depending on its
severity) be able to tolerate the stress of exercise because of their in~
ability to transport blood efficiently, There is limited data avallable
on the exercise respcnse of children with innocent heart murmurs, There
is also a lack of values validated as norms for the measurement of maxi-
mum VOp in children, Therefore, the results of this statistical compari-
son of maximum VO, would provide a direct method for determining the car-
diovascular efficlency as it compares to those childrem without a murmur.

As the results indicated, the experimental group (children with in-
nocent murmurs) measured a higher mean maximum VO, (54.68 ml/kg/min) than
the controls (44,04 ml/kg/min), This was statistically a significant
difference at the ,05 level, These valugg cannot be due to weight dif-
ferences which were not found to be significantly different (Table 2).
Endurance time was also not significantly different between the groups.
The findings indicated that children with imnocent murmurs consumed and
utilized a higher level of oxygen per kilogram body weight. The present
findings can be used to question the results of Cumming (1978) who found
tho endurance time of innocent heart murmur children to be higher than
those with heart defects, but lower than those tested from & normal

school population (Table 3). Using percentiles for the purpose of ex-
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Tabls 3

*Endurance Times of 712 Patients with Heart Defects
Aged 6 to 20 Yearss Comparison of Overall Results
Using Normal School and Innocent Heart Murmur Children

Percent of Patients

Level of Endurance Time Murmur Normal School
Heart Defect (Percentile level) Children Children

SEVERE 10th 21 Iy

11th to 25th 15 16
MODERATE 26th to 50th 26 16

51st to 75th 23 9
MILD 76th to 90th 11 7

90th 3 5

(Cumming, 1978, P. 616)

*This study measures the endurance tlme of a sample group similar to those
children tested in the present investigation,
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plaining the results, Cumming (1978) found 47% of children with heart
defeots to score below normal school children and only 21 to score be-
low the children with innocent murmurs in total endurance time, The
lower values for endurance time in children with innocent heart murmurs
may be due to the environmental testing conditions of a medical clinic,
Children with murmurs examined by Cumming had been attending the clinie
for other medical reasons, which may have affected these findings, Cum-
mings sehool children, who were identified as normal, were tested within
a classroom setting which could have enhanced the motivational effects

on thelr psrformance, Endurance time may not be an adequate predictor

of cardiovascular fitness éue to the many factors other than the aerobic
system which contribute to physical performance, This can be 1llustrated
by comparing the relationship between the endurance time and maximum VO,
of the subjects in the present and those by Cummings (1978)., A correlsa-
tion coefficient of 0,70 was found between the endurance time and maximum
VO, of the experimental group and 0.21 of the control group in this study.
The correlation for the experimental group was significant (P¢,05) whereas
the correlation of the control group was not (P).05). Cumming (1978) was
able to demonstrate a better relationship (0.88) between these two varia-
bles when he tested a group of 22 athletes, Physiologically the athlete
is capable of utilizing both the aerobic and anaerobic systems more ef-
fectively, This may enable him/her to endure longer bouts of activity of
maximal intensity. Therefore, unless used in a elinleal setting or for
f.he purpose of testing athletes, endurance time can be questioned as an
accurate measurs of eardiovascular fitness. A direct measure of maximum
VO, as used in this investigation provides a more adequate indication of

cardiovagoular fitness than doos endurance time alone,




CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary
An investigation was conducted to collect data for evaluating the

maximel aercbic capacity of children diagnosed with innocent heart mur-
murs, The evaluation included a statistical comparison betwsen children
with innecent heart murmurs and those without murmurs, The need for the
study emphasized both the social and physiological implications (restric-
tion from physical activity and life insurance) of children diagnosed
with innocent heart murmurs, The underlying etilology of innccent murmurs
often leaves parents and teachers with a questionsble doubt about the
ability of the children with innocent heart mnms to perform high levels
of activity. Research has developed the use of graded exercise testing
in children as a useful tool on the dlagnosing of functional capaclty
{Godfrey, 1971; Thoren, 1978; Jordan, 1978)., Further investigation has
reported maximum VO, as the best indication of cardiovascular fitness
(Astrand, 1967) and the hemodynamic response of children to these tests
have been reported (Klimt, 1971; Cumming, et al. 1978). Although physi-
cians have supplied information on the characteristics of innoceht mur-
murs to help distinguish them from organic disease, physlological re-
search has provided data (Van der Hoeven, 1977; Sabbath, et al. 1979),
which may be used to intérpret structural differences in their cardiovas-
cular system,

The experimental and control group for this linvestigation consisted
of 15 children who were maitched by age and sex, Each child went through
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a pre-test interview to explain the procedures used in maximal exercise

testing, During the actual testing each child was assessed for maximum
V02, maximum heart rate and total endurance time, The test, using the
Bruce Protocol (Bruce, et al, 1973), lasted approximately 20 minutes.
Exercise responses such as plateau of maximum VO,, RER approaching or
exceeding 1,0 and physical tolerance were used to determine if the peak
oxygen level was a "true” maximal effort or if re-test evaluations were
necessary. Success of the test was dependent on the child's willingness
to participate and his/her motivation to produce a maximal effort, The
results showed there were no significant differences (P),05 in weight,
maximal heart rate and total endurance time betwsen the two groups. Max~
inmum VOZ was significantly different (P(.05) with the experimental group
attalning a higher maximum VO, than the control group.

Conclusions

The purpose of the study was to compare the maximal aerobic capacity
of children with and without innocent heart murmurs., The results indicated
children with imnnocent heart murmurs produced a significantly higher max-
imum VO, as measured during a treadmill exercise, Other variables measured
(maximun heart rate, weight and endurance time) were not significantly
different, With this information the following conclusions were mades

1, Healthy children with innocent heart murmurs are not restricted by
thelr cardiovascular system in utilizing oxygen during a maximal exercise
test.

2. The measurement of endurance time alone did not provide an ade-

quate indication of aerobic capacity. This information can be used to in-
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vestigate previous research on children with innocent heart murmurs,
where endurance times were measured and compared to normal schoel child-
ren (Cumming, 1978),

3. The physiological responses of children with innocent heart
murmurs are normal in accordance with published data on normal heart
rate and electrocardiographic response (Thoren, 1978).

4, The use of motivation and pre-test evaluations were helpful in
obtaining a “true” maximum VO, during graded exercise testing, This wes
indicated by a plateau of oxygen levels, an RER approaching 1.0 of the
inabillity of the child to continue exercising at high intensity workloads,

Recommendations

The following are recommendations for the application of this data
and for continued study in this area of researchs

1, Children who are diagnosed with an innocent heart murmur under
the guidelines established by auscultation of their intensity, duration
and frequency should not be limited in their participation in exercise
or athletic activitiles,

2. Further research using direct methods of maximal oxygen consump=-
tion and the simultaneous measurement of cardiac output should be come
pleted on a larger sample of children with innocent heart murmurs,

3. Physiological differences in the contractility of the heart
muscle and viscosity of the blood (Van der Hoeven, 1977; Sabbath, et al,
1979) should be investigated to determine their normality and affect on
the functional capacity of the cardiovascular system.

L, Information which is given to paremts and teachers about child-

ren with innocent murmurs should be carefully monlitored and interpreted



in order to eliminate any possible physiological and psychological
harm.

A finsl and personal recommendation would be in making sure testing
conditions and equipment being used in children are condusive to their
differences in body size, Careful administration of exercise testing
should include the psychological aspect (motivation and patience) of ob-
taining sensitive and specific data,
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January 17, 1979

To Whom It May Cencern:

This is to verify that Patricia Ignagni, a graduate student in Cardiac
Rehabilitation, has the approval of the Center for Education Professions
to carry out a graduate study which will involve physical fitness testing
of elementary children as a part of her thesis completion.

We would very much appreciate any assistance you might give her in carry-
ing out this study.
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WiTlliam A. Schmidt, Director
Center for Education Professions
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La Crosse Exercise Program
Graduate Study
Physician Referral Form

Child's name Date
Address Phone
Height Welght Sex MorF

1, Date of last examination

2, Please check any of the following conditlons which are pertinent to
this participant,

A, Absolute contraindications - Any physical limitatlion that would
eliminate participation in this study.

Relative Contraindications (these will be considered for en-
~ trance into the study upon review by the medical advisor and
thesis committes),

Severe Hypertension

Significant Cardiac Dysrhythmia
Significant Valvular Disease

Chast Pain

£, ncope

Significant Musculoskeletal disorder
Asthmatic Disorder

3. List any medications this ‘patient may be on

Could you please supply the following information to help in the data
collection of this study (optional),

A, Blood Pressure Systolic Diastolic

B, Heart Rate

C. Characteristics of the Innosent Murmur {location, intensity and
frequency).

F

20000 8000000600000006200080600606000800880000008000200800080080000868000800080000120

I have examined the above applicant and approve his/her participation in
this research study. Any exercise limitatlons have been listed above,

Signed M.D, Phone

Name of Physician Address

Return to: Patricia Ignagni, Graduate Assistant, La Crosse Exercise
Program, University of Wisconsin - La Crosse, 54601
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TO: Parents of 1st=6th Grade Children

FROM; Patricla Ignagni, Graduate Student, La Crosse Exercise Program,
University of Wisconsin = La Crosse, 54601

REs Work Capacity Study

Dear Parent or Guardian:

The Graduate Program of the University of Wisconsin - La Crosse is
proposing a study comparing the physical work capacitles of school child-
ren with and without innocent heart murmurs, This study will be coordin=
ated by Patricla Ignagni, Graduate Assistant, of the University of
Wisconsin and the La Crosse Exercise Program, Medical supervision of this
study will be provided by D, A, C, V., Elston, Pediatric Cardiologist,

La Crosse, Wisconsin,

This letter is to inform _-ou that your child _
is eliglble upon your approval, to participate in this study, Their par-
ticipation has been approved by s Dy The
purpose of the study 1s to gather data in order to evaluate the physical
work capacity of the above-named children., All testing will be performed
on a treadmlll, which is a motor driven belt upon which one walks or runs,
The spesed and elevation of the belt is adjustable and will be determined
by the procedures selected by the research team, The study is very simple
and basic and involves NO procedures that would be proveoking to the child-
ren (1i,e,, needles, blood samples, etc.,). The children will be asked only
to walk and run on the treadmill while breathing into a mouthplece which
will collect expired air for analysis,

At the conclusion of testing you will be given the results of your
child's test along with an evaluation of thelr level of cardiovascular fit-
ness, Testing is tentatively scheduled to begin March 27, 1979, and will
involve one 45 minute session for each subject selected. Prior to testing,
the parents and the subject will be scheduled to come to an orientation-
practice session, This will involve approximately one-half hour and will
acquaint the subject and parents with the equipment and procedures, The
orientation and testing will be held in the Human Performance Laboratory,
Mitohell Hall on the campus of the University of Wisconsin - La Crosse.
You will be notifled by letter and telephone as to when the orientation
will be scheduled,

Should you comsent to your child's possible participation in this
study, please f111 out the attached form and return it immediately to your
Pediatrician's secretary or mail it to Patricia Ignagni at the address
listed above,

Your cooperation in this matter is greatly appreciated. This study
will provide valusble information about the work capacity of children
involved and will afford you and your child the opportunity to develop a
greater understanding of the heart and circulatory systems,
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TOs Parents of 1st~6th Grade vhildren

Page Two
Student’s name Age Sex M or F
Student's address Birthdate

Has your child ever participated in a study similar to this?
When and Where? Date of last Physical Exam

Any Physical Handicap?

Parent or Guardian's signature

Telsphones Home Work
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703 All 1st~6th Grade Parents

FROM; Patricia Ignagni, Graduate Student, la Crosse Exercise Progranm,
University of Wisconsin - la Crosse, 54601

RE: Work Capacity Study

Dear Parent or Guardiant

The Graduate Program of the la Crosse Exerclse Program is proposing
a study comparing the physical work capacitles of school children with
and without irmnocent heart mursurs, This study will be coordinated by
Patricia Ignagni, Graduate Assistant, La Crosse Exercise Program. Medical
Supervision of this study will be provided by Ac C, V. Elston, Pediatric
Cardiologlst, La Crosse, Wisconsin,

The purpose of this study is to gather data in order to evaluate the
physical work capacity of the above-named groups of children. All testing
will be performed on a treadmill, which is a motor driven belt upon which
one walks or runs, The speed and elevation of the belt will is adjustable
and will be determined by the procedures selscted by the research team,
The study is very simple and involve NO procedures that would be frighten-
ing or provoking to the children (i.e,, needles, blood samples, etc.).

The children will be asked only to walk or run on the treadmill while
breathing into a mouthpiece, which will collect expired air for analysis,

At the conclusion of the testing you will be given the results of your
child's test along with an evaluation of their level of cardiovascular fite
ness, Testing is tentatively scheduled to begin March 27, 1979, Prilor to
this testing session, the parents and the subject will be scheduled to come
to an orientation-practice session, This will involve approximately one-
half hour and will acquaint the subject and parents to the equipment and
procedures, The orientation and testing will be held in the Human Perfor-
mance Laboratory on the campus of the University of Wisconsin - la Crosse.
You will be notified by letter and phone as to when the orientation will
be scheduled,

Should you consent to your child's possible participation in this
study, please fill out the attached form and have your child return it by
March 15, 1979, to his/her homeroom teacher, Your child's physician will
be contacted concerning any medical considerations.

Your cooperation in this matter is greatly appreciated. This study
will provide the investigators with valuable information concerning the
work capacity of the children involved, It will also afford you and your
child the opportunity to develop a greater understanding of the functions
of the heart and circulatory systems,
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TOs A1l 1st-6th Grade Parents

Page Two
Student's name Age
Address Birthdate

Sexs M or F Height Weight

Has your child ever participated in a study similar to this?

If so, when and where

Family Physician Phone number

St e ey

Parent or Guardian's signature

Telephone: Home Work
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Ietter to Primary Physicians

TOs , M.D, of Clinic

FROM: Patricia Ignagni, Graduate Student, M.S, Adult Fitness/Cardiac
Rehabilitation, University of Wisconsin - la Crosse

RE: Physical Work Capacity Study

This letter is to inform you that your patient
has been selected to participate in a research study at the Human Perfor-
mance Laboratory, UW-L, has consented to
their child's particination which will include one 45 minute session, with
a 15 minute treadmill test, This test will require a maximal effort dur~
ing which EXG and blood prassure will be monitored. The child will also
be required to wear a mouthpiece that will colleet their expired gases for
analysis, A, C, V, Elston, Pediatric Cardiologist will make himself avall-
able by telephone in case of any emergency., All equlpment has been adjus-
ted for the child's safety.

The purpose of the study is to compare the physilcal work capacity of
children with and without imnocent heart mumurs, If you are aware of an
innocent murmur present in ths above child or if there are any contraindi-
cations that will 1imit this child's participation in this exercise test,
please contact me at 785-8686 within five days of this letter, If I have
not heart from you by this time, I will assume there are no medical limit-
ations restricting this child’s physical effort in this study,

If you have any questions regerding this matter, please feel free to
contact me, Thank you for your time in this matter.
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Practice«Orientation Letter

T01

FROM: Patricia Ignagni, Graduate Student, University of Wisconsin -
La Crosse

RE4 Follow-up lotter regarding your child's participation in the
physical work capacity study

DATE;

Your child's application to participats in the physical work capacity
study has been received, I appreciate your interest and look forward to
meeting you and your child, In my capacity as a Certified Graded Exercise
Technician and Gradnate Student, I have had the opportunity to effectively
measure the cardiovascular fitness level of many children and adults, My
interest in chlldren and the importance in cardiovascular fiiness has en-
couraged me to conduct research in this fleld, The research project 1s in
partial fulfillment of my masters degree in Adult Fitness/Cardiac Rehabi-
litation, It 1s important at this time to set up an interview date, This
will help in the orientation of the testing procedures.

Again, the purpose of this study is to test ithe physical fltness
level of your child, All procedures in the testlag will be carefully
supervised by trained technicians, The test itself involves running on a
belt driven treadmill, As your child exercises, his/her expired gases
(through normal breathing) will be collected and examined by a computer.
The entire test will take approximately 45 minutes, All physical signs
such as heart rate and blood pressure will be monitored,

If you have any questions regarding this matter, oxr if you cannot
make the scheduled interview date, please contact me at 785-8686, during
the day or evenings at 782-8u443, Your cooperation is greatly appreciated,
I hope that the testing will be an educational experience for you and your
child,

The interview session will be held in the Human Performance Labora-
tory, second floor, Mitchell Hall, University of Wisconsin ~ la Crosse,

Scheduled Interview Date
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Master of Science Degree
Adult Fitness/Cardiac Rehabilitation
University of Wisconsin - La Crosse

Informed Consent
Treadmill Bxercise Test

I, s allow Patricia Ignagni and assis-
tants to administer a treadmill exercise test on my child,

, at the Human Performance Laboratory on the campus of
the University of Wisconsin - La Crosse. I understand the procedures of
this test have been approved by B, Altman, Ph,D., Glen Porter, Ph,D,, and
Philip K, Wilson, Ed,D,, the supervising thesis conmittee, The procedures
will also be medically supervised by A, C, V, Elston, Pediatric Cardiolo-
gist, Gundersen Clinic, Ltd, Dr, Blston will make himself avallable with-
in a phone call reach of any emergency,

I understand that there are no techniques involved that will hurt or
scare my child, He or she will walk and run on a motor driven treadmill
while both electrocardiograms and blood pressure will be monitored, Your
child will also be wearing a mouthpiece that will be connected to a com-
puter used to measure oxygen levels during the test, The difficulty of
the test will be progressively incressed by both an increase in speed and
elovation of the treadmill until a maximm effort has been achleved. This
maximm effort will be characterized by an increase in heart rate, blood
pressure and muscle fatigue,

Every effort will be made to conduct the test in such a way as to
minimize discomfort and risk. However, I understand that there are poten~
tial risks involved with exercise tests. These include signs of lighte
headedness, fainting, leg and chest discomfort, and rarely heart attacks
or sudden death, I further understand that the laboratory and technlcians
are properly equipped and prepared for such emergency situations. I accept
the risks associated with the above procedures in testing my ehild,

(Signature of Parent)

(Witness) (Date of Test)
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DATA SHERT

Child's Name Date

Height Weight Age

Resting Heart Rate Resting Blood Pressure /

Birthdate

Stage Heart Rate Blood Pressure

I~

1.7 @ 5%

1,7 @ 10%
2,50 12%
3.4 8 1%
k.2 @ 16%
5,0 @ 18%

2 minute recovery

4 minute recovery

6 minute recovery

T

e o~ O~ N N M~ oS M~

8 minute recovery

Total Time of Test

Any abnormalities or special considerations
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The UNIVERSITY of WISCONSIN- LA CROSSE

it LA CROSSE, WISCONSIN 545601 (608) 785.8000

July 17, 1979

Dear

I have recently completed the analysis of the data collected during
the maximum treadmill exercise tests taken at the University of
Wisconsin-La Crosse. Your participation in this testing helped to
evaluate and compare the cardiovascular fitness of children with and
without innocent heart murmurs.

The results showed that all the children had normal responses in
their heart rate and oxygen consumption throughout the test. These
results were important because they provided information on the ability
of children with ipnocent heart murmurs to perform well during maximum
exercise and therefore presents no differences in their capability to
participate in physical activities and athletics. Please, be aware
though, that this information should be used in children with innocent
murmurs under the consultation of their physician. Below you will find
the data we obtained from your visit to the Human Performance Lab:

Weight
Maximum Heart Rate
Maximum Oxygen Consumption
Endurance Time

Maximum Oxygen Consumption-the maximum amount of oxygen a person
can utilize during exercise. This value is used to measure
cardiovascular fitness.

I would like to thank you for your time and cooperation in helping
complete this project. If you have any questions concerning this data,
please feel free to call me (782-8443)

Sincerely,

Patti Ignagni

AN EQUAL OPPORTUNITY EMPLOYER
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il  The UNIVERSITY of WISCONSIN- LA CROSSE

R LA CROSSE, WISCONSIN 54601 (608) 785-8000

July 17, 1979

To:

From: Patricia Ignagni, Master of Sciehce, Adult Fitness-Cardiac
Rehabilitation, University of Wisconsin-La Crosse

RE: Comparison study of the maximum aerobic capacity of children with
and without Innocent Heart Murmurs

As part of my requirements as a graduate student in Adult
Fitness/Cardiac Rehabilitation, I proposed a study comparing the maximum
aerobic capacity of children with and without innocent heart murmurs.

To help in the attainment of subjects, contacts were made to you and
other physicians in the La Crosse area to request assistance in
referring children(5 to 11 years old) with innocent heart murmurs. The
study has recently been completed and enclosed you will find the data
collected on 15 children with and 15 children without an innocent murmur
during a maximal treadmill exercise test.

I would like to extend my appreciation for your interest and cooperation
in this project. It is hoped that you will use this information with
the children diagnosed with an innocent murmur and in the consultation
with their parents and teachers. If there are any questions concerning
this data, please feel free to contact me(782-8443).

ENC: Abstract
Data
Conclusions and recommendations

AN EQUAL OPPORTUNITY EMPLOYER
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Approximate
Oxygen Cost
Stage Speed Grade (m1/kg
(miles/hour) (%) per min)

1 1.7 10 18

2 2.5 12 25

3 3.4 14 36

I 4,2 16 b6

5 5.0 18 56

6 5¢5 20 63

7 6.0 22 70

(Cumming, 1978, P, 70)
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P;mentiles

Age
Group (yr) no. 10 25 50 75 90 Mean 8D
Boys
b-5 4o 8.1 9,0 10,0 12,0 13.3 10.4 1.9
6-7 28 9,7 10.0 12,0 12,3 13.5 11.8 1.6
8~9 30 9.6 10,5 12,4 13,7 16,2 12,6 2.3
10-12 31 9.9 12,0 12,5 14,0 15,4 12,7 1.9
13-15 26 11,2 13,0 14,3 16,0 16,1 w1 L7
16-18 12 11,3 12,4 13,8 14,5 15,8 13,5 1.4
Girls
b5 36 7.0 8.0 9.0 11,2 12,3 9.5 1.8
6-7 34 9.5 9,6 11,4 13,0 13,0 11,2 1.5
8=9 26 9.9 10,5 11,0 13,0 14,2 11,8 1.6
10-12 28 10.5 11,3 12,0 13,0 .6 12,3 1.4
13-15 24 9.4 10,0 11,5 12,0 13,0 11,1 1,3
16-18 12 8.1 10.0 10-5 12-0 12.’4’ 10.? 10“‘

no, = number of subjects
3D = standard deviation

(Cunming, 1970, P. 70)



