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ABSTRACT 

IGNAMX, Pa t rh i a ,  & oomariaon sttuiv of the Hlaximal 

ion, 
(Dr. Pbilip x. Wilson 

This study was designed t o  investigate the differemes in maxiantm 

oxygen consumption ( ~ 0 ~ )  i n  children with and d t h o u t  an innwent heart 

murmur. Data was oo=eat& on 15 ahildren diagnosed with an innwent 

heart murillw ansi 15 ohilriren aged andl sex matched to tha murmur group a8 

seleated from a looal elementary school, The testing util ieed the B m e  

treadmill protocol t o  help access maximum V02, maxbum BR crad endwawe 

time. The procedures imluded pre-test interviews, motovational tsah- 

niques and a b e t  cr i te r ia  fo r  the attainment of RtrueR mxhm V02. 

The results indicated norm1 responses ta the mmhm ex.ercise testing 

with UmiM re.test evaluations W e s s a q *  There were no sig;njficarnt 

difierermaes in weight, h u m  RR and endwarwe tiBig (P 7.05). Them 

was a si@f2c&nt dkfference (P < ,05) fn maxhum V02 with the aBiMPen 

diagnosed with an innooent mmw  at^^ a higher mean BnardrmaD V02 

(54.68) +hen those of the pafted control gmnp (W.012.). Conslm5om 

support no cardio~srscufar impabent  in ohildren with Innocent mwr~mrer i n  

the* ability t o  perfom bSgh levels of work, This fnfo~nration is re- 

cramenBed t o  be used in the avoidlanoe of r e s t rh t ing  o U e n  d t h  inare 

aent heart mapnrure from paktiln%pating i n  phgrsieal aotfvities anit i n  the 

a tb imamt  of personal l i f e  Inswame. 
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c m m  I 
INTRODUCTION 

Heart s o d s  e d  m m r s  can ba prhe  sowoes of essential  infor- 

mation on the disosvery and evaluation of maw coasnon diseases of the 

heart and blood vessels (Rushmer & Morgan, 1w). Congenital and v a b  

wlar defects are generally ~.~scovered through ausoultation of affected 

W a n t s  and cMklmno P h y s i c h s  can detect the lesions and/or obstrmc- 

tions by c a ~ e f u l  evaluation of the sounds and mumaura produced during 

the contract3,on and r e h t i o n  of the cardko cycle. Further diagnostic 

procedures may hclude electrooaPdiog~apby, X-rays, cardiac catheter i~a-  

t ion and echooerdiograms. 

An innocent heart mwmur, often referred t o  as  functional or %no%- 

dental, has been identified as a sound produced by a normal furwtionhg 

heart (Castle L Craige, 8960; Epstein, 1958), Luisfds and his associates 

(1958) considered it lmpossibb t o  separate innooent mmmws from organic 

nnumws, T i m y  maintained tha t  the innwent murmur is i n  reaUty an or- 

ganic murmur caused by either a rheumatic prwess or e m i M  h o t e r i a l  

lesion sf the valve. The subjeot of the innooent versus the s ignlf iamt 

murmur remains a very important problem 3n cardiology and, if diagnosed 

c~bl"efully by a physjaian, these sounds a re  gi.-n no ollniocrl s w i c w e  

because they are not believed to represent cardiac or s p b b  &ease. 

Misdiagnosis of oMMren ~ 5 t h  innocent !mrmrs oonblbute a signifioant 

percentage of pstients referred t o  specialt3r oUntos %or octx%Uao evalua- 

tion. A s  a resul t  of these evaluations, irrevereible p b p i o b n  snd 



parental Ijduaed d i s a b m t y  oocurs, This disabi l i ty  may result  i n  res- 

t r ic t ion  from high exorkfng physical act ivi t ies  and athletia pa~t icipa-  

t b n .  

MoPler (1977) stated tha t  "innocent niurmws are a oammon problem 

present in half of all school age childrenm (P. 281). They have bean 

shown to be mom prevalent in children during aqur t su  of growth and 

those approaah- puberty (Pogel, 1960). A st* ky two oardiologbts 

revealed that  6@ of those .infants stud3ed had murmurs B1 the newborn 

period (Lessoff 6e Bridgenp 1m). A t o t a l  of $$ of these subjects 

were diagnosed as ha* fnnooent murmurs, contrary t o  those associated 

v9Lh a oongenital defect. A SUPVB~ of 119 ahildren, aged one t o  ten 

years old, revealed over 90$ t o  have a cormon vllbratory murmur 

(Appleyard & Joseph, 1W6). These 119 patients had been referred t o  a 

pediatric cardiology ulinic f o r  emfna t ion  of an abnosmal heart sound, 

Although the hoMeme of b o a e n t  murmurs are high in children, they 

are  found t o  dbappear with age (Marienf Leu,  e t  a l .  1962). 

hriy phys5cians and physiologists refer t o  innoaent heart murmurs 

as representative of a s t row and normal functioning heart (Contratto, 

19433 Moller, 1977r and Elston, 1978). The heart is a musoulerr struc- 

ture  which works through dynamic contraatfon t o  transport; blood through- 

out the lnmasrn body, A very physically active child rsqwes a strong 

heart t o  help supply his/her e~9rgp  demands. h o c e n t  heart mmwcr m y  

be the resul t  of the phyeical p e r f o m a s  of a highly aative myw~dium 

and c i x w a h v  agstear (van der Hoeven, 1973; Sabbath, e t  a l .  1979). 

Although l i t e r a twe  revsale, innwent mvrrsurs convent5onal by p g d b  

t r i o b s ,  many f m S w  p4wbisb116 and parents w i l l  e l l a i t  aaution when 



permitting the chlM t o  p a r t i c i p l e  i n  stremaus p w i c a l  act ivi ty  

(Fogel, 1960; Scott, 1978). A canrnnon method of determining the ab2liky 

of the heart t o  tolerate s t ress  from phys3ccsl sot ivi ty  is t o  admbister 

a graded exercise t e s t  (EliestPid, 1969), This exercise t e s t  can be 

used t o  measure a cMld's maximum oxygen consumption (Lro2). A measure- 

ment of an individual's V02 provides valuable i n f o m t i o n  about the i r  

m x h t l w o r k  power and the functional capacity of the oxygen transport 

system ( A s t r d ,  1967). A comparison of the pe r fomme between child- 

ren with and without innocent mummrrs i n  a maxhm oqgen consumption 

t e s t  h s  not h e n  investigated. A conclusion about the level of p&sb 

c a l  fftness and maximal perfonname of children witb innocent murmurs 

can be drawn by kno- their  mdmum oqgen uptake and how this measure 

compares t o  children without a murmur.  

m o u e  of Studg 

The p ~ p o s e  of the present study was t o  measure the maxhum aerobic 

capacity of chj9dren with and without innocent heart murmurs. A measure- 

ment of the i r  mas&ium ovgen consumption provided data on the i r  cardio- 

vascular system's efficiency and endurance durhg  the seress of emrcf8e. 

A statisticalcompsrison was made between the Qwo groups t o  determine 

significant differences i n  perfopmanee. This idorination could then pro- 

vide a recommendation concerning the ab i l i ty  of e: chfld with an fnnocent 

heart murmur t o  participate in physical activkties tha t  requir'e high 

levels of aerobic power. 



Need f o r  the Study 

An important par t  of a child 's  education is the teaching of con- 

cepts and s k i  11s f o r  developing indirtdual physical f it.ness. Physical 

f i tness  has been defined as "the a b i l i t y  t o  do work and t o  recover 

quickly and completely from doing t h i s  work" ( C m i n g ,  1957, P .  8663, 

The American Association f o r  Health, Physical Education and Recreation 

(1969) has proposed tha t  the  achievement of opthum physical f i tness  dw- 

ing $.he fornative years is fundamerital t o  the maintenanoe of f i tness  

throughout adulthood. The lack of physical exercise, has been related 

t o  the  development of coronary heart disease (Gumming, 1%'; Gordon, 

lpi; and Paffenbrger,  1375). It i s  necessary t o  teach children proper 

behavior patterns tha t  endorse l i fe  iong f i tness .  T i 1 . h  (191) bias 

stiggested t h a t  t o  av~>id the danger of an i n a c t b e  W e s t y l e  being es- 

tablished i n  children, parents should mako evezy e f fo r t  t o  devcglop and 

encourage opportunities f o r  part icipation in pbysical a c t i v i t , ~ .  Parents 

and teachers who are  given the responsibility of providbg opportunitioe 

f o r  chWerm w i t h  innocent rn-s often question the* a b i l i t y  to per- 

f o m  hfgh levels of pbysical activity.  These questions and doubts lead 

parents, teachers and sometfmes physicians to r e s t r i c t  the development 

of optimal physical f i tness  by cUS.1;BiLhg the  child' 8 ac t iv i ty  level. 

A measurement of the maximum aerobic capacity, the best single 

measurement of ghys5ological f i tness ,  in children w i t t i  innocent murmurs 

will provide data t h a t  wI3 . l  give sufficient  eoiderzce as  t o  health dan- 

gers involved in the perfomnoe of h$gh exerting physScal activity.  

The need f o r  t h i s  study ar ises  from not only tha question of these 

m w s  r es t r i c t ing  children from physical ac t iv i ty ,  but also  other 



psycho1;sgieal and socis l  factors tha t  may affect their  lives. Unfortu- 

nately, maw individuals are refused l i f e  insmame because mandatory 

physical examhation reveals the presence of a h d  mmnm. In a con- 

fereme held between representatives of various W e  Insurance companies 

and phys5cians specializing i n  cardiac problems, expected mortality rates 

were a;LassSfied and assigned t o  normal irrdivlduals ami those with organn 

I c  and fmational  murmurs, When campared ta an anxpectod mortaUty of 

10056 in  normal people, those of orgcnic origin had a mortality of 1878, 

but those listed as fno t iona lhad  less than the standard mortality of 

only 45% (hming, 1977). M e r  questions and do&%s as t o  the serious- 

ness of innocent mu~mws Q C C ~ S  when found t o  be present in high perfow 

mnce a t h l e b s  (Davis, 197?), Research studies have s h m  physiological 

variations i n  the contr6cti2ity of the heart (Van der Hoeven, 1973) and 

viscos5ty of the blood (Sabbath, e t  al .  1979) t o  be different in  thosa 

children diagnosed wlthan innocent m w m r .  

Standlard norms fo r  mdmum q g e n  consumption V02 i n  children wf& 

or wfthout innwent murmurs have not been developed, Maximum values 

measuring e n d w m e  t h e ,  heart r& and oxygen levels have h e n  collec- 

ted i n  k g e  sample groups, but Bave not been s ta t i s t ica l ly  validatad as 

normative values (Krmer, 19641 K l i m t ,  19761 and C - q ,  1978). 

The lack of standardized norms in coanjmtion with the social b- 

pl ica tbns  fo r  the child )ritk an innocent m-wmw precipitates er need for  

a s t a t i s t i ca l  canparison iPf the physical work capacity or aa* V02 

with ohiZdPen hrhg no dfagnosed kooemt he& 1 8 ~ .  



DeUmgibtatioras 

The fal lwing variables were carefully ~eheotedl mi controlled in 

the design of this project, The delimitations of this study werer 

1. lhprhental group sabjectts were 15 ohildren aged 5 to ii medi- 

oaUly d3agnosed wlth an innwent heart murmur  from the Gundersen C U l a ,  

La,, Skgmp-GreJPdpiw Clinic an4 The Family Praatiae Center of Ia Crosse, 

Ino. 

2, Control group subjieats were 15 ah33Aren age and sex matohed to 

tihe experimental group, 

3. All subjects laaked prior experieme In treadnaill testing or 

medical contrsitdioation to stressful exercise, 

Etitaitations 

The exbema1 factors that were unoont~olhble Wtations of the 

study were 8 

I. The subjects motivation to perfom mwrlrmrm performance levels 

in ths graded emm5se test. 

2. Individual differences in their pmjnlogiool response to 

waded exembe tests. 

3, Individual dtffereeces in maturation and g r d h  levels. 

4.. Laok of oontrol over the subjects' daily health, dietary and 

extracwrbular activity paP;terms. 

Assumgtions 

The follmbg assmptfons were made about the design and p r m d w e s  

of this study. They were: 

All subjects reached their ir oxygen oonsumption. 



2, A l l  subjeots hoked prior testing expr ieme on a treatamill. 

3, A l l  values were correct3y recorded by the b k u n e n t a t f o n  and 

teu8nicbn i n  charge. 

Definitions of Terms 

~eFob%cc, the use of oxygen in the p:.aduction of energy during e x e r  
L 

cise, 

Anaerobic; the abseme of oxygen in the produotion of energy during 

exero b e ,  

Anscdltationi the aa t  of hewing snd interpret% the sounds pro- 

duo& by the heart. 

Dkstolio; the ptmt of the oardiao onLe whioh represents relaxation 

of the m e l e  (espec%ally of the venbrioular) snd dilatation during rapid 

filPing of blood, 

E ~ e o t r o o ~ o r c r i y ~  (EKGZ; a graphio baaing of the elemtrio cousrent 

praduoed by the emitat ion of the heart m o l e .  The EfEC can be used to 

determine the physical condftion of the oontrasting heart. It also pro- 

vides a measurement of' heart rate. 

Innocent heart murmur; a benign sound not produced by any anetomical 

or &eased state of the heart, 

lbdml exercise; the optjmal level of physioal wo~k an Miv ldua l  

can perfom while exemising. 

lhximm w g e n  conenmrption (VOZ); the Be mount of oxygen an 

andiddual can ut i l lee  per unit th .  This represents the pdwer or work 

capacity of the aerobio ( o ~ g e n )  aptem. It is expressed in m i l U U b r s  

of oxygen per minute per ki3og~~m body weight. 



MET; a tern chracterieing r e s t h g  metaboZio rat&. It is oonsidemd - 
equal ta an oxygen uptake of 3.5 mil l i l i t e rs  par kilogram body weight pep 

minute. 

Phonocasdioma~&; the graphic registration of the sounds produoed by 

the actblosr ef the heart. 

PrereJwtion t h e ;  a period in %he cardiac cycle whioh represents 

a s ta t ic  oontraotion of the heart msc le  prior t o  the ejection of blood, 

The heark has completed i t s  f i l l j q  phase and has closed its mitral and 

aortic valves. This t h e  is used to indioak heart muscle oontractility. 

Res~ i r a tow e m w e  rat io  (RWl; this is the c a b u h t e d  rat io  bet- 

ween the amount of C02 expired fram the lungs and the amount of 02 taken 

UP e 

Septa1 defect; an imperfection or absenoe of t issue within the d i a -  

ing walls of the heart's oavities. 

Stenosjls; a narrowing or constriction of a canal. 

SU-X exeraisei an exercise rate  less than umcbial, usuaUy ex- 

pressed as  a peroenbge of maxlmal heart ra te  or  oxygen uptake. 

SystoUn the contractile or emptying phase of the cardiac cycle, 

Viscositg; the resLCance of the blood characterized by the flow of 

one layer over another. 



3Cntroduction 

Research in the phystology of children has been concZuctsd i n  an in- 

creasing number of laboratories and important progress i n  this  f i e ld  has 

been accmpllshed. Dymmia s t ress  testing can and has been used t o  

evaluate the pediatric patient. Investigations on the exercise physiolo- 

gy of children and their  progressive physical work oapacity has led t o  

the development of tes t s  and procedures i n  de.temining the fi tness level 

of normal rrhfidren and those with heart and lung disease (Godfrey, 1970). 

However, nethods used fo r  exercise testing i n  chilalren must be suited h 

the child and t o  the purpose of the test ,  Motovational t e a ~ n e s  i n  the 

' form of play and competition i s  necessary t o  c~btain the child's oomaplete 

cooperation, especbl ly i n  the pre-school years (~ermanse & Oseid, 197% t 

Jordan, 19788 Thoren, 1978). 

Measurement of Maxlmsl Oxygen Consmmtion 

A universally accepted method of determening pbysical work aarpseity 

or lnaxknum aerobia power i e  t o  measure the amount of oxygon i n  individual 

can take in,transport and ut iUae a t  the highest level of exercise inten- 

s i t y  that can be achieved (Astranel, 1967). Measuring maximum oxygen oon- 

sumption ( V k )  has been performed on children as young as  four years old 

( C m i n g  eL al. 1978) and has been detemined as the best indinator of 

cardiovasculap f ftness (Astraw.3, 19671, 



Researah has shown t~o8dwill. exercise tes ts  to yield a higher maxi- 

mum V02 than biayob ergmeter t e s t  (Glassford, o t  a l e  1965). Perfor- 

mance on a treadmill t e s t  requires a greater musale mass and increased 

oxygen supply t o  active tissues (Hemanson & Salton, lr&9). A treadmill 

t e s t  offers ooncl5tions of sxeraise (walking a d  running) that belong 'b 

the daily physical activities of a ahfld (Kkhut, 19'71), 

Maxhm Emmise Test;hfl 

Methods of test- children and adults have led t o  aontroversy in 

the usage of max$mum or su-um exemise intensity. Subaaaximwn exer- 

cise testing in children b s  been based on heart ra te  sesponse t o  a pre- 

determineel workload. MocslUn, e t  a l e  (19'7$), developed the W170 methad 

of d e t e r m w  physical work capacity and estimating merximum V02. The 

prasrpose of developing this  method was t o  s e t  up an indirect technique i n  

deb- xmxhum V02 fr.a a heart ra te  response (7170) a t  a pre- 

i detemhed workload (Watts). ,The 19 children (13 t o  14 years old) were 

I tested indirectly by the method and dbea t ly  through computer analy- 

sis of expired gases. The results showed Mivkiualdifferenaes i n  heart 

ra te  response to the work3~d  (Watts). E s t b t i o n  of lsLaxiwun V02 from 

regression values achieved 3x1 the W I ~ Q  test and direat measurement methods 

showed lower values in tho W170 tes t ,  A simi'lnr study (Ilemmen & Oseid, 

1W%) tested the a b U t y  of the Astrawd and nomogram to e s t b t e  

maxbum V02 from heart r a t s  a t  ta subaiaximal woskload. The 20 prepubertal 

bop studi9d showed I&;?@ lower madmum V02 values in those eot5matd by 

the nomogram. G u t h  and assoalate8 (1977) showed that  i n  children, p 4 -  

s ioa l  trew reduosd su-1 heap% rate  wi.thout affesling their  d- 

mum VOZi jimpQj.118; that maxbium V02 a& 8 ~ 1 ~ ~  he& rates are t o  sme 



extent independent of each other. Although s u m 1  tests  may be suf- 

f icient i n  compering an Mividual '  5 functional capacity pre and post med- 

i ca l  treatment, it nonethelsss does not allow for  differences In a child's 

maxhum heart ra te  on their  overall response t o  8 ~ ~ ~ 1 3 i s e  testing. With 

this  i n f o m t i o n  a. more accwafie exercb t e s t  would u t i l i ee  a direct  

method (analysis of expired gases) when comparing the oa* V02 of 

uhildsen. 

Protocols 

Protocols used in testing children on treadmills have been developed 

t o  correspond with the age and physical qapacity of the child being tested, 

Jordan (1978) has reviewed a l l  possible hplications of varying protocols. 

One method keeps the speed constant and raises the grade of the trerrdmill. 

This makes the child climb a tramendous h i l l  in a f a s t  walk, which tends 

to make the leg muscles extremely t i red d often causes early termhation 

of the test .  Other protocols rely on speed and not inclination, which 

sometimes resulted i n  children becoming uncoordinated and t h  hhxtering 

measurements. Cuprming, e t  a l e  (1978), found the Bmce P r o h o P  (Bruce, e t  

a l ,  1973) (Appendix J) t o  be s d t a b l e  for  testing; children with an exe r  

cise capacity as l o w  as 5 PIBTS , T h  Bmoe protocol pssvidles a quick in- 

crease in grade and speed, allouing the child t o  reach maximum intensity 

within 18 minutes. Thfs  protocol i s  suitable for  childma as young as 

four years and provides a slow speed i n  the f i r s t  stage for  a necessary 

warm-up. 

Repeated measurement of maximum exe~cise  tes t s  in children have 

shown ta be b g h l y  reproducible a d  r e a b l e  (van Wetersbot, e t  a l e  

l f l7j  G a m i n g ,  e t  a l .  lw8; and Roeanski, e t  a l e  1979). 



Cunrming, e t  a l ,  (1978) and Roaanski, e t  c r l ,  (1979) both performed two 

separate &l treadmill exercise t e s t s  according to the Bruce 

Protocol, Curaming, e t  a l .  (1978) performed a study t o  t e s t  the suita- 

b i l i t y  of the  Bruce Protocol i n  young children, A portion of his re- 

seamh included tes t ing the reproducibility of resul ts ,  Rrenty normal 

school children aged 7 t o  13 years performed the Bruce t e s t  on two occa- 

sions 3 t o  10 days apart. The endurance times (13.e2,l  m i n  fo r  trial 1 

and 13.721.9 min f o r  t r i a l  2) gave a c o r ~ e l a t i o n  co-efficient of 0.94, 

Roaanski, e t  a l ,  (1979) performed two separate t e s t s  on 19 children (5 t o  

15 years old) with chronic ven t rbu la r  arrhythmias. Their results  

found no statisticall;y significant difference between the f i r s t  and 

second exercise t e s t  i n  any child with regard t o  mean maximal heart 

r ~ t e  achieved (192222 versus 196fi9 beatslmin) or  meax1 maxiglal systolic 

blood pressure (162232 versus 162226 mm Hg). Van blabrshoot, e t  a l ,  (1977) 

tes ted the  r e l i a b i l i t y  and reproducibility of -1 V02 measurements 

isl children, The experimental procedures included a c r i t e r i a  t o  es- 

tabl ish  the presence of a "true" maximum V02 during an exercise t e s t .  

T h i s  c r i t e r i a  was based on the presence of a plateau in V02 as work load 

is increased. Two t e s t  sessions were conduuted on 66 t e n  year old ice  

hocke~i players, The protocol consisted of a continuous speed (4.1 mph) 

with a ra i se  in grade every two. minutes. A plateau was considered t o  

have been reached Ff the  oxygen uptake increased by only 2.1 ml/kg min 

o r  l e s s  over the  last two workloads of the  t e s t .  The resul ts  showed a 

correlation co-efficient of 0.74 in those children able t o  reach the  

c r i t e r i a  i n  both tests .  In a t es tc re tes t  aomparison, the reproduci- I 
b i l i t y  of max V02 was high although the c r i t e r i a  was not always reached. 



The reseamhers agreed that  the values obtained are dependant on the 

motivation of the child t o  work to near exhe.ustion hnd on the skill. of 

the techniaians in the handling of young ohildren. 

Physiolonlcal Res~onse to e t e rcbe  

Differenoes in  the response t o  exercise between boye and gh-ls have 

shown t o  be nonsign%f'icant before the age of 3 2  ( ~ a t r d ,  1960). Beyond 

the age of 12, improved physioal pe r fomme is due t o  the maturity of 

the neuromuscular funation, lmproved eoordhathn d Body sise  (Astrand, 

1967; Thoren, 1978). Pre-pubesoent boys and girls uiU. vary slightly in 

their  maxhum heart ra te  or oxygen cons\rmption levels during exercise. 

SmaU dllfetrences i n  maximum V02 in boys and g i r l s  of the same age may 

be due t o  maturation level and somatotype. Forbes (1964.). using a whole 

body sc in t i l h t ion  counter, suggested that  the lean body mass to height 

rat io  i s  similar both for  boys and g i r l s  age 7 t o  12 and sl ight  differ- 

ences i n  maturation w i l l  not affect physical performance before puberty. 

Normative values on the hernodynamic response of children during 

exercise i s  not available, yet several fnvest5gators have provided in- 

dividual research data on children's physiological response to  exercise 

and t r a b i n g  (Gi ' l l r lnm, 1971; Thoran, 1971; Cuming, 1967; Skinner, e t  a l .  

lW1; Astrand, 1960). Values obtained during m x h a l  exercise have 

shown t o  be consistant among the li terature published, Heart ra te  res- 

ponse and maximal heart rates are high in young children 0195 beatslrnh) 

and slowly deorease ~ 5 t h  age (~horen, 1978). Qilkh (1971) ixivesti- 

gated the exercise response in children ages 6 t o  13, Prior t o  initia- 

t ing a physical training program, the chZldren were brought t o  a 

1 ooUtional W m  exercise intensity. GFUism found no sigrdfioant 



differences in the maximal heart rates of the different ago groups or 

between the boys and gi r l s  studied. 

M u m  V02 measures the amount of oxygen that can be util ized by 

the lungs and transported t o  the working muscles. A t  a high exercise 

intensity, an 5mrease i n  workload may not be accompanied by an increase 

i n  V02 (Astrand, 1967). A t  th is  point the V02 values m y  plateau indi- 

cating a m&um oxygen uptake has been reached (Astrand, 1967). Re- 

ported values on a healthy child's aerobic capacity (max VOZ) ranges 

from 34 ml/kg/min t o  60 nl/kg/min (Astrand, 1970 1 Klimt, 1971 1 Thoren, 

1978; C d n g  , 19&"7. These values are proportionally higher than 

those reported by the Committee on Exercise of the American Heart 

Assooiation, which found maximum V02 as low as 38 ml/lcg for  mon in the 

age group 20 t o  29 years and 34 ml/kg/min for  women of the same age i n  

the Unibd States (Thoren, 1978). The respiratory exchange ixt io  (RER) 

has also been used to  indicate an individual has reached his/her maxi- 

mum V02, A normal progression of the lUR is t o  inorease slowly a t  the 

s t a r t  of exercise, level off dur- s-1 work and continue t o  

reach or exceed 1.0 (Thoren, 1 9 8 ;  K l b t ,  1971; Skinner, 1971). K b t  

(1971) tested 48 f ive year old children and measured the effect of 

treadmill exercise on oxygen consamption ('lo2) , heart rate, pulmonary 

vent-ilstion and respiratory exahange rat io  (RIB). A t  a subnnaximal 

workload of 4 lan/hr a leveUng off or "steady stateH was reached. A l l  

parermeters, imfuding V02 had increased and beoame constant, After 

f5ve minutes of reaovery a ssuond workload of 4 km/hr a t  a 15% grade 

showed o step increase An all variables. No %teady state" was reached 

d maxhiii values were measured. The RER decreased during the sub- 



maximal workload then increased duping the s u ~ ~ l w o r k l o a d  then 

increased during the fo11owEng reaovery time. This was due t o  higher 

intake of oxygen compared t o  a i r  volume ventilated per minute. During 

maximal testing the RlFR i n i t i a l l y  dropped and then increased readily 

throughout the workload. Head rates reached as  high as 208 beats per 

mbute. The g i r l s  tended t o  have the higher heart rates, whepeas the 

boys measured. nonsignif icantly higher V%. 

h o c e n t  H=6 Murmurs and Ebroise Testing 

There has been a limited amount of data presented on children with 

innocent heart murmurs and their  response t o  exercise* One of the most 

exulusive experhents corrluoted included test- children w i t h  innwent 

murmurs and estabUsbing mdmum endurance times using the Bruce Tread- 

m i l l  Protocol (Cunrming, e t  al. 1978). In  t h i s  study 327 children with 

innocent murmurs wero given a h l  exercise test .  Ages of these 

children ranged from four t o  fourteen years. Mean eMurance times of 

both the boys and g i P b  of different ages ranged from 9.5 t o  14.1 

minutes with mean m x b a l  heart rates ranging from 193 t o  206 beats per 

minute. All test* was conducted using various motovationsrl techniques. 

The purpose of these tes t s  were not t o  evaluate the child ~5th a HIIWZJIPF~ 

but t o  determine the value of the Bruce Protocol and t o  determine how 

endurance times oomelated with direct measures of mxhal oxygen uptake 

and weight to height ratios. Results 5ndioat;gd the patio of weight to 

height (used to determine obesity) has a negative oorrelation to e d w -  

awe timeso The results also revealed negakive comla t ions  between the 

heart rates for stages 2 and 3 of the Bmce t e s t  and enduranoe tlmes fn- 

dicating those w%kh slower he& rates dwing the s u m 1  poFtion of 



the t e s t  had a longer endurance t h e .  Unfo~tunately, no values were 

compared t o  children without murmurs nor was the correkt ion (0.85) 

b e h e n  maximal oxygen uptake and endurance tine taken from tL I m o -  

cent hsaPt murmur sample, T h i s  corralation was conducted on 51) athletes 

10 to 18 years old, The study did show the protocol and estimation of 

endurance times valuable in clinicaaP t e s thg .  

C\maning (1978) later continued hi* reseswh on children wing the 

Bruce protaco1 (Bruce, e t  al. 1973), eduance  testing and percentile 

ranks. The t e s t i n g  included obtaining maximal heart rates atxi endurance 

times in 830 cfilldren classflied with mild, moderate and severe heart de- 

facts. These results were then catpared using percentiles d t h  the 327 

children previansly tested with an innocent heart m u z m w .  A third sample 

group of 388 healthy children received the same m x h a l  exsrcise t e s t  in 

the* school. 'Ehe overall age range f a r  a l l  sample groups was 4 to 20 

years oldr The study was oonducted over a three year period using the 

same supervising technicians. 

The results indicated that the children w i t h  moderah to severe 

heart defects (septa1 defects md stenosis) were unable to score above the 

50th percentile of the children with innocent m u ~ s .  A t o t 1  of 21% of 

the children with heart defecb scored Below the 10th peroentile level 

w h i l e  4?$ scored below the i0th percentile level of values obtained f r m  

the school group, Even though the children w i t h  the innocent heart EXUP 

mars were not dapgotly comprmred to the school group on the percentile 

chart, the* endurance tfrnes -re lower. This explains the endurawe 

t h e 8  being closer between those chiUren with heart defests and chibd- { 



the school group and children with innocent mumurs as being due t o  the 

environmental aonditioru of testing. The nomalchildPen were tested 

i n  their  school witk other children cheering them on (aoqet i t ion)  dur- 

ing the test .  Although the investigator f i r s t  desoribes his seaond 

group ae children with innocent mumus, he findshes the a r t i c l e  with 

labeling them normal oIlnic patfents. Considepation was d e  fo r  the 

faot that they were attending the cl inic  for  other media.oal reasons and 

this  may have affscted the i r  results. Qcdfrey (1970) suggested that 

exercise tes t s  might be used to dkfferen-thte between innocent m a m u r s  

and mild struatupel heart disease, yet data as- endurance times as  tihe 

min cr i te r ia  does not support their  dew, Cumming, 6% al. (1978), were 

able to show a Ugh coorelation between the endurance times! and actual 

V02 of athletes, however, the inabili ty to suebin long periods of 
- 

I exercise and p i n  may resul t  i n  underastlmat2on of nuximum V02 i n  normal 1 (*strand, 1970). 

i 
Innocent Heart Mwmms 

Incideme 

ZI the past years there have been numerous research studiea q h a -  

sizing the biddeme of innocent heart murmurs  in school age children 

(Thaygr, 19251 Schwartzmann, I*i$ fiiedmsn, a t  a le  1-1 Appleyard & 

Joseph, i976). Differences in the interpretation of t immms m y  be due 

t o  the method of auscultation OP P;he training of the phys%chn d h g  

the diagnosis. Reports on %he pmaence of innocent m u n w r s  in e given 

school age population range from ?$ (Richard, e t  al, 1955) t o  96s 

(fsssoff & Brigden, 19j7). With a highly sens5tive stathosoope, a graphb 

study reveal& a10@ incideme of the inriwent systolic n m u r  i n  ehilrtren 



(Paulen, S . & lhmheimer, 1957). Physichns who are experienced i n  the 

interpretation of heart sounds consider it unusml to find the absence of 

an innocent murmur  in a healthv child (Moss, 19'70; Elston, 1978), 

Contratixi (1943) studied the cardiac status of 2856 Marvard Colloge 

students. The results found 1 2 . 3  of the students had systolie murmurs. 

Follow-up studies uslng X-rays and electrocardiograms revealed 11.6$ to 

have hnocent murmurs. Unfortunately a fa i r ly  large number of these 

stadantb had previously been restricted i n  tnir  act ivi t ies  because of 

the prssence of e: heart murmur. 

Diagnostic techniques have been used t o  dnbrmine the significance 

of b e c e n t  murmurs in athletes. Davis (1977) revealed a case study in 

which a professional basketball player was referred to a cardiac cl inic  

f o r  evaluation of a loud systolic m u r m u r  and. a b n o m l  eleckocardiogram 

(EKG), The athletes EKG showed inverted T waves which often suggests 

ischemia (lack of blood supply to the heart) i n  a cardiac patient, X-rays 

showed an enlarged l e f t  ventricle. During a stress t e s t  his EKG becarno 

1 no-1 when his heart ra te  reached maximal levels. In a cardiac cathe- 
i 
I terieation, results showed clear coronary arteries. The murmur was accen- 

tuated a t  exercise. A l l  responses were considered normal and the 

athlete was allowed t o  pursue his professional career. 

Although innocent murmurs have a high incidence rate  Fn children 

an8 young adults, they are found t o  disappear with age (hrienf'eld, e t  

al, 1962), Marienfeld, e t  a l .  (1962) conducted a 20 year follow-up study 

on 139 children with phonocardiographic innocent murmurs. The subjects 

1 w e ~ e  fh s t  examined i n  1939 and diagnosed vlth e marked systolic vibra- 

tory mUnnmr Twenty years la ter ,  the investigators located 96 of the 



subjects f o r  extensive re-examination. Only two were presented with 

heart disease, presumably reLEted t o  the childhood mmw. A t o t a l  of 

8 6  of the  subjects re-examined were f o d  to have a complete d i s a p  

pearance of the  previously diagnosed murmur. 

C haracterist ics 

Children a re  commonly referred .to cardiologists f o r  c l i n i c a l  

evaluation of a heart murmur.  A cardiologist w i l l  use the  fundamental 

characterist ics of innocent, m w u r s  to  help distingujsh them from organic 

disease. These charactorist ics are  primarily based on the  in tensi ty  and 

location of the  m m u r .  Often c h W e n  who m y  have congenital d b e a s e  

will be asymptoslatic and are  dhcovered through routine awcfi=tation of 

the heart (~arvey, 1976). Moller (1977) d Scott  (1978) have both pro- 

vided infomation on the common features of innocent murmurs. They in- 

c l u d e ~  

1. Intensity m u s t  be lowes than a grade ILI on a l eve l  

of f X .  

2. Duration of the murmm is very short, 

3. h o o e n t  murmurs may be assoo'labd d t h  normal 

heart sounds, mixlly s p u t t i n g  of the second sound. &a- 

l w t i o n  must inelude listening f o r  change i n  in tensi ty  and 

degree of spl i t t ing.  

4. They usually very with posture, exercise, res- 

pirat ion and common childhood infestat ions (fevers, colds 

andi flu), 

5. Heart s h e  cmd volume capac5ty w i l l .  be within 

nonnal Ilmits. 



6. Innocent murmurs can be almost always found during 

systolic, exaegt for  the Venous Hum, which has a diastolic 

ocmponent . 
7. The murmur should not be associated with cardiac 

symptoms, such as chest pain or shortness of breath, 

The most common innocent mmws have bean named on the basis of 

the i r  distinguishing characteristios. &stein (1958), Castle & Craige 

(1960), Harvey (1976) and Moss (1970) have all givan deeorip:i;tioxi ef 

t h e b  sound frequency, intensity and location. There are five common 

iumooent muFlDurs. Careful evaluation of these murmurs will help dif- 

ferentiate them from serious heart abnormalities. They are: 

1. Vibrators Mupmur . This murmur is commonly called S t i l l ' s  

murmur, which rnay be musioal i n  nature because of possible fluctuating 

wake of blood I D r  normal vortex shedding of the muscle f iber  (Moss, 190). 

Vibratosy murmurs are  low to modepate i n  grade and frequency and can be 

best heard over the third to fourth intereostalspaces of the r i b  cage. 

A phonooardiographic tracing reveals a uniform wave pattern in  contrast 

t o  the c ~ l e x  pattern of mitral valve stenosis (Fogel., 1960). Maw 
ohildren found with Still's murmur have been associated with high p w s b  

ca3 aotivity and low mortality rates (&fanning, 1977). 

2. Pubionic $.leatition Huplpur, This murmur occurs during the rapid 

phase of blood ejectfon into the punlmonarg s r b r y ,  The t b b g  scours 

during mid-systole, An ejection murmur is best heard over th@ pulmonary 

arterg between the seeond d t h M  left intercostal space, The sound 

may increase with exembe, but may never erne& a grade fg intensity. 

It is most olosely evaluated in terms of the second heart sound. This 



is important to help &tiaguish it f ran mnnmrrs produoed by a t r i a l  

septa1 defeats or mi3d puhonic stenosis (Moss, 1970; Fogel, 19601 

Castle & Craige, 1950). 

3. Venous Hum. This murmur represents the increased blood flow 

i n  the neck. Its h l  intensity may be associat;ed with fover, ane~nia 

axidernraise, Thislilttwurdiffers fromthe restbecause it is eoon-  

tinuow mnuur that Bas an aooenuated diastouo phase. A venous hum can 

also be easily distingnished from organio disease Mause m~8~2en% of the 

head or coapkession of the neuk vessels m y  a l t e r  the sound (Scot%, 1978). 

Innocent "thrilLsM were fourd to be a s s o c ~ ~  with 500 ohildPen e d 9 d  

with a venoy hum (Bujack, e t  al.. 1976). Although the thrill bas been 

shm ta be cmiion, it s t i l l  may lead to u ~ e c e s s a r y  catheterisation be- 

cfhuse of the i r  similarity to organic heart lesions (Harvey, 19'76). 

4. Cardiorespiratow M u m u .  Normal contraction of the heart 

causes caanpressisn of a portion of lung tissue. A s  a result of thia oon- 

t ac t  between the heart and lung hissues, o loud high p i b W  s a m h i n g  

1pux-m~ may exist. It is almost always 5ysto l .b  in t ine  and varies i n  

intensity during the phases of respiration. Inflamation of the heart's 

proteotive sac (pericaFditi.8) or lover respisatory Mmtions may change 

the s~und@s intansity (Castle & Craige, 196Q). 

5. CarotM B r u i t .  Auscultation m y  find sounds originating i n  

tb right caro&5d artery. This s a n d  ocours during the time of rapid 

ejection of blood into the vessel. It can be distinguished from aortic 

s temsis  because of inautiibfflty a t  the aorfifo alwa (Fogel, 1960). 



Research on Innocent Heart Murmws 

In recent years studies hove beon uordluctd t o  investigate faotors 

that  may participate in the production of innocent ejection murmuPs 

(Sabbath, e t  a l .  1979; Van der Hoeven, e t  al .  1973). Flow murmurs such 

as  the venous hum and carotid b m ~ i t  are acoentuatd by recognieed 

p l ~ ~ i o l o g i c  cMumstances that  produce high flow. These oimumsbnces 

are caused by conditions of anemia, infeution cmd exemhe. Ejection 

murmur8 (pulmonlo and vibratorg) are commonly determined t o  be a cause of 

turbulent blood flow (Sabbath & Stein, 1976). The viscosity of blood is 

one of the rheologic factors that ha8 been studied for  its cont~ibution 

t o  the produotfon of the bloods twbulonoe believed h produue heart 

murmurs (Thyer, 1925). Sabbath, e t  al. (1979) h v e s  tigat& the visco- 

s i t y  of bload of fourteen women (18 t o  22 p a r s  old) that  had an innocent 

ejection m u r m u r  and 26 (same age) that had no murmur. All had n o m l  

blood counts, but those subjects with an innocent mumur had a sigrulfi- 

cantly lower hematoorit (~<0.01) a d  consequently the viscosity of blood 

i n  these subjwts was lower. The diminished blood viscosity inoreases 

the tendenoy tomud turbulent flow and this m y  contribute t o  the audi- 

b i l i t y  of the murmur.  

Van d e ~  Iloeven, e t  aP. (1973) studied the h a o d p ~ ~ A c  aspects of 

l e f t  ventr3mlar function i n  15 children with vibratory mmurs and I5 

matohed controls. The study measured emlusively the pre-ejection time 

(PET) during the calpdbc c p l e  and revealed that those children with vi- 

bratory murmwps had significantly lower ( ~ ( ~ 0 5 )  PET than children without 

a munmrr. The findings suggested that  some vlbra-bry mnnrmrs may be at- 

tributed to a Q h e r  oontractil i ty in the myocardium, resulting in a peak 



flow through the aortic ostium. PE6 was found t o  r e t l m  to average 

values i n  chilihen whose m m w s  had la te r  &appeared. 

Studies bave also been conducted t o  help looalize where nturmws 

may originate and what pa&s of the cardho oycle they may be found 

(Stein & Sabbath, I977 I Stuckey, 1957 I Liebman & Sood, 1968). Innwent 

ejection murmurs w e  normally thought t o  be of pulmonary origin. Stuckey 

( 1957) studied 228 children with e jeotion murmurs and found 96 to be of 

aortic o r igh .  Murmurs that  originate fi the aorta closely resemble 

those of aortic stenosis and may need further investigation. Stein & 

Sabbath (1377) used interar ter ia l  sound equipment to measure ten sub- 

jects with audible vibratory murmurs and found the m u r m u r  t o  have a 

greater amplitude within the aorta than uithin the pulmonary artery, 

In those patients that  experienced premature ventricular contractions 

during the study showed an even greater increase in the audibility of 

the murmur a t  the aortic valve. Both studies conclude tha t  the aortia 

valve may have less compUance against the strong contraction of the 

l e f t  ventric l e  . 
Although diastolic m m w s  have always been considered abnormal, 

Lieban and Sood (1968) reporbed on nine norms1 children with d i a s t o l i c  

murmurs. Their study used intracavitary phonocardiograpW within the 

l e f t  ventricle of children referred for  evaluation of a systolic murmur. 

The children had n o m l  EXGs and cardiac X-rays. Multiple parmeters 

of right and l e f t  heart catheterizations were normal 3.n a l l .  Results 

indicated tha t  the f i l l i ng  phase within the l e f t  ventriale, especially 

in a supine position may produce audible sounds. These sounds are hard 

t o  distinguish using a normal stethoscope, but may be iarportant in 

c l in ickns  responsible for  dhgnos'bg a significant murmur. 



Addii;honal sounds sue h as gallops or clicks may be produced in  

children because of other medically reversible conditions such as acute 

anemia (Moller, 1977). Growth of the blood vessels may cause di l i ta-  

t ion and change in the elast ic i ty  of the large vessels that may be in- 

volved in the production of these abnormal cbjnks (Harvey, 19'76) . 
Surmae_ly: 

The f i 6 u  of exeraise physiology has produced several studies re- 

vealing the effeots of exercise and training on children (Saltin & 

Astrand, 1967; Skinner, e t  a l e  19711 Klimt, 19'71; Thoren, 198) .  Normal 

values on the exerc5se response in chjlldren oan be extrapolated from data 

reported i n  the Utei-ature (Hermansen & Oseid, 191; G i l L h n ,  191; Thoren, 

1978; Gumming , 1978). Before puberty the exercise responses of boys and 

g i r l s  w i l l  not be significantly djfferent (Astrand, 1960). The Bmce 

treadmill p r o b o l  (Bruce, eL al .  1973) has been shown t o  be suitable for  

children as young as four years old ( C m ,  e t  a l e  1978), Children 

are capable of producing a m & m l  effort  on a treadmill exercise t e s t  

thus allowing a measurement of maximum V02 t o  be used as a tool t o  

evaluate cardiovasculaio fitness. The re l iab i l i ty  of maximum exercise 

tes t s  i n  c h . n  are shown t o  be hfgh (Van Watesshoot, st a l e  19771 

Roaamski, e t  al .  1979). The validity of the durn exercise t e s t  can 

be faciUtated by mtovational techniques, patience and understallding 

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

The prevalence of innocent heart mmurs in children is high 

(Appleyard & Joseph, 1976) arid the m c e ~ 4 ~ ~ i n t i e s  assooiated in  the i r  

diagnosis often cause p b y s i c ~ n s ,  teachers and parents t o  res t r ic t  the 

1 aativtty level of these children (Fogel, 1960; Moss, 1970; Harvey, 19761 



Scott, 1978). Characteristics of innooent heart murmurs have been re- 

ported t o  help distinguish them from heat% disease (Moller, 1977 8 Moss, 

1970; Scott, 1978). These cbract;eristics may have similsrit ies t o  

those murmurs associated with organic disease (&steinsl, 1958: Harvey, 

196).  Research on the exembe response of ahildren with innucent mur- 

murs has h e n  limited t o  the measuremnt of endurance time and maxims1 

heart rates while attending a mediobaal c W c  for  evaluation (Curapling, 

e t  a l .  1 9 8 ;  Cummhg, 1978). Physiological differences in innocent 

heart munnur children can be seen i n  reported values on lower blood 

rLscosity (Sabbath, e t  a l e  1979) end shorter pre-ejection times of their  

cardiac cycle (Van der Hoeven, 196). 



CIIAPTW III 

rnH0DS AND PROCEDIJrn 

The purpose of th i s  study was t o  compare the  physioal working capacity 

of two groups of children (boys and girls) with an age range of 5 t o  11. 

The experimental BrouE consisted of 15 children medically diagnosed with an 

innocent m m u r .  The 15 control aroue children were age and sex matched t o  

the  experimental group from applications received from a local  elementary 

saho01. 

Administrative consultation and approval was neoessaly prior t o  test- 

ing any ohildren, Permission was granted by the University Human IJse Com- 

mittee, La Crosse Board of Education and Eip, Terry Wit~tzke, Principal of 

Emerson Elementary School (Appendix A). Referral forms and instructions f o r  

pat ient  partioipation were submitted under the direotion of Dr .  P, K. Wilson 

and Dr, A, C , V. Elston, t o  the Gundersen Clinic, LU. , Skemp-Grandview 

Clinio, Ltd, , and the Family Health Center of La Crosse, Wisconsin (Appen- 

disr B & C), 

&'very child selected was assessed f o r  -1 owgen consumption (Vo2) 

on a treadmill graded exeroise t e s t .  Pre-ry p i l o t  tes t ing was conduc- 

ted t o  evaluate the consistancy and accuracy of the procedures and equip- 

ment. The a a t u l  tes t ing of the ohildsen's cardiovasculPr endurance and 

physical work oapcroity was evirIuat9d by measuring the l eve l  of oxygen 

u t i l i eed  by the body during peak maximum exercise. This was represented 

by an increase i n  the respiratory exchange ration (RHI) and a plateau of 

oxygen levels (KUrtit, 1971; Van Watershoot, 1977) r 833. test ing was oonduo- 

ted over a twelve week period. 

26 



Sub.iec t Selec t ion 

lkperimental group subjects were obtained through referra ls  made by 

physicians of La Crosse, Wisconsin. P h y s i c i a ~  were requested t o  f i l l  out 

a re fe r ra l  form (Appendix B) f o r  any child between the ages of 5 t o  11 

that  had been c l in ica l ly  diagnosed with an innooent heart murmur. The 

child 's  parents were presented w i t h  a form that  included the  purpose of 

the study, tes t ing procedures and application f o r  part icipation (Appendix 

C )  . The physicians returned the ref e r r e l  by mail with information pertain- 

ing t o  the child 's  medical history. The parents of the 15 experimental 

group subjects cooperated by re tun ing  the signed parental consent. These 

children were then scheduled t o  be t e s t e d  in the study. 

Children f o r  the control  group were selected from the  Bnerson 

Elementary School of the  La Crosse, Wisconsin, Public School Distr ict .  

The purpose of the  experiment and procedures were explained ta svew K i n -  

dergarten through f i f t h  grade class. The children were shown pictures of 

the treadmill and apparatus t o  col lect  expired a i r  with both the children 

and the i r  teachers given the opportunity t o  ask questions. Various physio- 

logical  information such as  increase i n  heart  ra te ,  blood pressure and 

oxygen consumption was discussed as nonnalexercise response. Dates on 

tes t ing and the location of the Human Psrforolance taboratory were provided. 

Each child was then g5ven an application and consent form to ba ccompleted 

by the i r  parent(s) o r  guardhn(s) (Appendix D) . Homerom teachers col- 

lected the completed forms a& r e t m e d  them to the  principal  investQator 

a t  the University of Wisconsin - kr Crosse. Over 100 application forms 

f o r  the  control  group were returned. The subjects f o r  the study were 

selected on the basis of age and sex, which were matched tci those children 



referred with an innocent heart murmur. Age matching included using 

b i r t h  dates t o  keep the paired children within a s i x  month range, Birth 

dates which f e l l  within 12 weeks before or  a f t e r  the innocent murmur 

child 's  b i r t h  date was acceptable. Each child's physician from the control 

group was contacted by l e t t e r  (Appendix E) t o  determine any contraindica- 

t ions f o r  the i r  participation i n  the study. The primary physician was 

a lso  requested t o  Worm tho investigator if they were aware of an innocent 

heart  m u r m u r  t o  be present i n  these children. Arqf response was t o  be made 

within f ive  days or  the researcher assumed no innocent tnulsnur and/or con- 

troindication existed. &oh l e t t e r  was personally delivered t o  insure 

pmic i sm 's  avai labi l i ty  t o  comply with the request. 

After selection and clearance was made f o r  each child,  l e t t e r s  with 

information on the experlmentor's background and requirements fo r  part ici-  

pation were sent t o  each child's parent (Appendix F) . This l e t t e r  also 

gave a tentative date f o r  a pre-test interview. Follow-up telephone ca l l s  

were made then f o r  final scheduling. 

Pre-Test Interview 

Prior t o  tes t ing each subject and parent(s) were required t o  attend 

a 30 minute orientation session. The primary purpose of th i s  session was 

t o  familfarise the s\.bjects with the procedures and environmental condi- 

t ions of the study. On each subject a f i l e  was maintained which includedt 

(1) returned application form, (2) r e fe r ra l  form (experimental group only), 

(3) informed consent (Appendix G) f o r  tes t ing and (4) data evaluation 

sheet  (Ap3endh H). A brief discussion with each child and ~ a r e n t ( s )  or 

guardian(s) was heSd t o  review the purpose ancl need of the study. Infor- 

mation on the  application was checked f o r  accuracy or  possible changes, 



Each parent was asked t o  read and sign the infonned consent. Questions as 

to i t s  implications and purpose were discussed. 

Instructions on the proper procedures of the t e s t  included practice 

on gett ing on and off the treadmill safely. The handrails were used f o r  

balance while placing one foot  on the moving belt .  When the children f e l t  

comfortable, they plaaed both f e e t  on the treadmill and walked f o ~  three 

t o  f ive  minutes, Keeping a balanced s t r ide  was ernphasised along with con- 

centrating on the focus point (colorful  poster) tha t  was di rect ly  in front  

of the treadmill. Each subject was also f i t t e d  and familhr ieed t o  the 

head gear, mouth piece and nose c l ips  used t o  col lect  expired gases. Elec- 

trodes were a lso  placed on one subjeot and demonstrated f o r  the i r  purpose 

in determining heart r a t e  during exercise. Final  instructions were given 

f o r  wearing proper exercise clothing and avoiding heavy meals two hours 

prior t o  the t e s t .  Scheduling included one hour time blocks subjective t o  

avai labi l i ty  of the parents and children, 

Motivational Techniques 

To help insure the  attainment of an accurate measure of the subjects 

maximal oqygen consumption several motivational techniques were employed. 

Various methods of verbal encouragement were employed t o  persuade each 

child to perform the test well. Parents were asked t o  encourage the i r  

children t o  t r y  his/her best. A batterg operated buzzer was connected t o  

the  treadmill t o  be used as  an emergency stop button, T h i s  made the  child- 

ren f e e l  safes  and less  reluctant t o  perfom a t  maximal lavels. Pictures 

of cartoon characters were hung in front of the  treadmill in order t o  give 

a visual skimulation and Q focus poiat  f o r  halance. The children were a h  

lowed to take home s t r i p s  of t h e i r  exercise EKO and computer readout. In- 



formation on the  resul ts  of the study was made available t o  a l l  subjects 

and the i r  families (Appendix I). This information was also provided t o  

the p b s i c i a n s  t h a t  participated i n  referring the i r  patients with innocent 

heart murmur (Appendix I), 

Test Description 

The XHC treadmill (Model 200) was used f o r  a l l  t e s t s ,  The Beckman 

Metabolic Measurement Cart ( M E )  was used t o  analyee the expired gases. 

Calibration of the treadmill was conducted on each day of tes t ing which 

usually consisted of f ive  t o  eight tests, Callbration of the MMC in- 

cluded a check and adjustment of the volums, tarnperatwe and barometr3.c 

pressure, The 28-2 (carbondioxide ana&ser) and CH-11 (owgen analyaer) 

were calibrated with standardirted gas sanples (Scholander, 1947). Addi- 

t i o n a l  adjustments were a lso  made on the turbine, d r i e r i t e  crys ta ls  and 

a i r  c i r c u i t  systems when necessary (Woolf, T, A, ,  1975, Pp. 40-47). 

Frior t o  tes t ing each subject 's height and weight was recorded. The 

subjects were instructed t o  r e s t  i n  a supine position f o r  f ive  minutes, A 

bi-polar lead system (CM-5) was connected to the  approp~iate;e3y prepared 

areas (Sheffield & R o i h n ,  19'76). The Quinton (Model 609) exercise car- 

diotaahometer was used t o  reaord the  eZ6ctrocardiogram (=GI, A rest ing 

heart r a t e  was recorded while the  subject remained i n  the supine position 

, The head gear, mouthpiece and noseclips used t o  col lect  expired a i r  were 

oarefully fitted and secured, The MMC was programed f o r  the proper 
I 1 weight and s e t  t o  provide data evepg 60 seconds (Woolf, 19'75, P. 10). 

I PLvl instructions were given t o  each subject t o  use the emergency busser 

t o  make the  experimentor aware of test termination, Subjects were encour- 



aged to exercise to pbysicab exhsustion of maximal intensity. The tread- 

miU. handrails were used for  b a h c e  when necer;sary, 

The Bruce Treadmill (Brv.ce, e t  a l ,  1 9 3 )  t e s t  protocol was adminis- 

tered (Appendh J) . A heart ra te  count was recorded every three minutes 

by running a s ix  second s t r i p  on the cardiotachometer, The oxygen levels 

and FtE3 were provided every minute by the I C .  Each subject continued 

unt i l  peak maximum oqgen levels were achieved, T h i s  was determined by a 

plateau of oxygen levels and a RHI approaching or exceeding I r O ,  blmrhum 

heart pate and the to t a l  time of the t e s t  was recorded a t  the sound of the 

emergency buzzer, The automatic but,ton on the Beckman Cart recorded 

the f ina l  oxygen conslmrption measurement. 

An eight minute recovery period was administered on each subject a t  

a 1.7 mph speed and CY$ grade. Heart ra tss  were modtored and recorded 

every two minutes, After eight minutes each child was asked to sit un t i l  

r e s t k g  heart rates returned t o  normal, 

S ta t i s t ica l  Analysis of the  Data 

I n  order to evaluate the s t a t i s t i ca l  comparison of maximum oxygen 

consumption i n  children with and without innocent murmurs a student's 

"t" t e s t  (Downie & Heath, 1 9 4 ,  P. 124) for  independent groups was utlized. 

It was necessary t o  find the mean (2) and the standard deviation (2) of 

both groups (Table I) i n  order for  the values of maximum oxygen consump- 

tion t o  evaluated by oomputer, The .O5 levei of significance was us& t o  

tea t  the nul l  m o t h e s i s  of no djfference between the group means. This 

basic s t a t i s t i ca l  tool  was the only t e s t  necessary to determine the si&- 

ficant difference of the aoax3mnrm aerobic capacity of chlldrea wikh innocent 

murmurs. 



The purpose of this study was t o  cosnpare differences i n  the maximum 

aerobic capacity of children with a d  without innocent heart murmurs, A 

t readmill  exercise b e t  and subsequent computer analysis of expired gases 

(Beckman Metabolic Cart) was utili~ed t o  measure m m h a l  oxygen consump- 

t ion  (laaKfimrm VOZ). This measurement i n  conjunction with maximal heart 

r a t e  and endusawe tlme was s t a t i s t i c a l l y  evaluated to determine if any 

significant d U f  erenoes i n  card-lovascular efficiency were apparent 

( ab i l i ty  t o  u t i l i e e  oxygen during maximal exercise) between the experi- 

mental a d  ~ o n t r o l  groups of tlhg st*. 

Sub.iecta 

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

p e d h t r i c  plgrsicbns, with an innocent heart murmur, Fifteen children 

(control group) were then selected on the basis of age and sox and 

rmotched t o  those children i n  the experimental group, Both groups aon- 

sistesl of t h e  males and six females, aged f i v e  t o  t en  years, Each sub- 

ject  had been cleared medAcally by t h e i r  personal phystcians and reported 

t o  have no contrain8ication to exercise testing. The r e f e r r a l  f o r m  

(Appendix E) , which requested characterist ics of the innocent murmur, in- 
i 

dicated 5 9  of the  experimental group were diagnosed u i t h  systolic ejec- 

t ion  mumwe (pulmonie), 34% w i t h  a continuous vibratory murmur and 1% 

were not given. A l l  m u r m u r s  were labeled lou i n  grade (<ELI) and inten- 

si*, a s  diagnosed through norm1 auscultation, 



Although not experbentally controlled, eaah child par t tc ipa td  in 

regular pbysical education classes a3 his/her respeotive elementary school, 

Only one child e%wined had been prevl.ously involved in an organized ath- 

le t ic  progra~~. Delimitations of the study e b i n a t e d  any subject with 

prior experience in treadmill exem;kse test ing.  

Data Collection 

A l l  h s . & i n g  was condnctd a t  the Hurnam Perforaurnce Laboratory a t  the 

University of Wisconsin 0 La Crosse, during the months of April. txi June, 

1979. During a pre-test orientation session, subjects were ellm%mted 

from tha study if they were unable t o  perform a% a fast pace (3.2 mgh t o  

4.0 mph) on the treadmflb with reasonable amount of coordination and 

t3erlencec A s  part of the testing procedures and t o  help eglimbte h d e -  

quafie test performance, parents were asked t o  cooperate by ~ 1 ~ k i r - g  sure 

the* children received s proper amount sf sleep, avo5ded a heavy meal 

and did not participate i n  physical act ivi t ies  precesding their  m a x h \ ~ m  

e m i s e  t es t ,  

The sucaess of the testing was depedent upon the motivation of the 

subjects. Those ehildrer~ who were highly caarpe't;etiw perfornod w e l l  191 

exhj.bit3mg mx3m1 effort. Some chlldmn needed consfm~t encowag~en t  

t o  work harder a t  the higher intensity wrkloads. Verbal encouragement 

by the parents and Investigakor e u ~ i t e d  p a s i t i n  responstjsr The c r i te r ia  

used t o  measure "true" maxAmtm V02 in the subjeots were (1) a plateau of 

mardannn V02 levels ( (5 ml/kg/min in  two consecutive stages)! (2) peak 

values of mmdm\sn VO2 a t  the campletion of exeroise; (3) a respiratory ex- 

change ra t io  (RER) approaching or exceed* 1.0; and (4) subjects' pwSr 

c a l  sharacteristios a t  the completion of twdmal xeraisec 60mmon oharac- I 



t e r i s t i c s  Included sweating, high venti lat ion ra tes  and the need to use 

the  treadmill handrails f o r  balance. When necessary, re-test evaluations 

were held three t o  four days a f t e r  the initial tes t .  

A post-test research design was hplmented t o  compare maximum oxy- 

gen consumption of the experimental and control  groups. The d a b  colbec- 

ted indicated a l l  children had normal hemodynam3.c responses t o  exercise. 

This inoluded a steady inarease h oxygen 1.e.eveI.s and heart r a t e  as the 

intens%* of the workloads increased (Figures 1 and 2). A plateau of 

oqygen levels and heart r a te  occurred durhg submsrximal workloads (stages 

2 and 3 of the  Bruue Protocol) and then preceeded t o  show a continual 

r i s e  i n  values untilnax%um levels were reached. Both the heart r a t e  

response and nmximum V02 values were comparable t o  those reported in pre- 

vious research (KUmt, 1971; Thoren, 1978). Research on endurance times 

were a lso  available in +he Xitrez?atwe f o r  both normal ohildren and those 

with innocent heart  xnurmw~ (Gumming, e t  ol, 1978; Gumming, 1978), The 

values obtained f o r  endurance times i n  t h i s  study revealed the responses 

, t o  be above the  range reported f o r  children f i ~ e  t o  t en  years old  en- 
: d3.x K). There were no abnormal responses i n  eSther group during exercise 

/ o r  recovery which would M i c a t e  the inab i l i ty  of t h e i r  oardiovascuhr 
I 
I system t o  to le ra te  maximal in tensi ty  workloads. This was determind by 
I 

observing the  electrocardiograph, heart r a t e  and plqrsical tolerance dur- 

ing the  test and recovery period. 

! 
Results 

A t  t he  c q l e t i o n  of exercise tes t ing the data f o r  both the axperi- 

mental and control  group were  evaluated f o r  m s s n  (T), standard deviation 

(SD) and numeriaal range of the  (I) weight (pounds) 1 (2) maximum VO2 



Figure 1 

Mean Heart Rate Response wi th  Increasing Workloads 

x = Experimental Group (N=15) 

o = Control Group (N=15) 

Stage I Stage i l Stage l l I Stage I V  Stage V Stage V I 
I.7mph/lO% grade 2.5mph/12% grade 3.4mph/14% grade 4.2mph/16% grade 5,0mph/18% grade 5.5mph/20% grade 

5 METS 7 METS 10 METS 13 METS 16 METS 18 HETS 
N=30 Nu30 N=3O N=30 N=28 N=2 

Bruce Treadmill Protocol 
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(ml/kg/min); (3) maximum heart ra te  (beatsfmin)~ and (4) endurance (mh) 

(Table 1). 

A s t a t i s t i oa l  evaluation using the student's b t e s t  (Downie & Heath, 

1974, Po 98) was utilized t o  t e s t  for  significant differenoes between the 

experimental (innooent heart murmur children) and control groups (Table 2). 

The data revealed no significant differences b weight (P).05), maxbmm 

heart ra te  (~>.05) and endurarlce t h e s  (~7.05). There was a significant 

difference (Pc.05) between maximum VO2, with the experimental group re- 

porting a higher mean -1 V02 (g4,68 nil/kg/min) than the controls 

(44.04 ml/kg/min), Maximum heart rates were within the n o m l  range (195 

t o  210 beatslmin) of recent data published on children (Thoren, 1978). 

Endurance times for  the children (5 t o  11 years old) with innocent heart 

murmurs ranged higher (10.48 t o  18.2 min) than those reportecl by Cumming, 

e t  a l ,  (1978) (Appendix K) . 
Discuss ion 

The purpose of this Investigation was t o  csrnpare the maximum aerobic 

capacity of children with and without innocent heart murmurs. The need 

for  the study reauLM from the high incidence of innocent murmurs among 

children (Fogel, 1960; Harvey, 1977) and the restrictions i n  the ptgTsfaal 

act ivi ty  resulting from their  presence. An increased h t e r e s t  in  develop- 

ing and maintaining pwsioal fi tness early in l i f e ,  and the avoidance of 

social kaplications (refusal of W e  insurance) due t o  medical diagnosis 

of an innocent murmur has led t o  the nmessary testing and evaluation of 

children with 5nnocent mmws. As a result ,  more consistent c r i te r ia  

fo r  evaluating i t s  hcidence and aharacteristics have been developed 

(Moss, 1970; MoXbr, 19771 Soott, 1978). An evalua.t%on wing graded 



Table 1 

EiKpe~imental and Control Group Characteristias 

Experimental' s 
Variables 

( ~ 1 5 )  
Mean Standafi 

Deviation 

Age (years) 7.8 1.7 

Weight (lbs , ) s . 9  10.2 

Maximum Hoart 
Rate (beats/mh) 202.2 10, l l  

Enduranae Time 
(minutes) 15.03 2.07 

Control 
Group Variables 

( ~ 1 5 )  

Standard 
Deviartion 

Age (years) 7.8 1.7 

Weight ( a s .  ) 60,,9 11.0 

Maximum Heart 
Rate (beats/&) 199 3 23.4 

Endurame T h e  
(minutes) 1.84 



Table 2 

Signifioance of the Differences Between 
the Control and EStperhental Variables 

Ebperfmentel Control Significance 
Variables Group (means) Group (means) &Value df Lgvel 

Weight (Ibs) 56.9 60.9 1.02 28 ~b 

MaJdmum 
Heart Rate 
(beats / m i n )  202,2 199.2 ,6175 28 * 
Endurance time 
(mid 15-03 13-85 1.64 28 * 



exercise testing cen serve 8s a dkgnostic tool in dltinguishing those 

ohhldren with innwent murmurs from those with organic disease (Godfrey , 
1971). 

The present study made a s t a t i s t i ca l  caqarison between the maximum 

V02 of o m e n  with and without murmurs, t o  provide information on the  

efficiemy O r  possible &ihtiolls of' th8fr cardiovascular S Y S ~ ~ .  C h u -  

ren possessing a significant heart defect might not (depending on its 

severity) be able t o  tolerate the stress of exercise because of their in- 

ab i l i ty  t o  transport blood efficiently. There 3.8 W t e d  data available 

on the emmise response of children Kith innocent heart murmurs, There 

is also a laok of values vslidated as norms for the measurement of maxi- 

m m  V02 3x1 children. Therefore, the results of this  s t a t i s t i ca l  coanpari- 

son of slaxirmrm V02 would provide a direct method for  deteminhg the car- 

diovascula~ efficiency as i;t; capares  t o  these ohi-n without a murmur. 

Bs the results indicated, the experimental group (oh%ldren with in- 

nwent murmurs) measured s higher mean h u m  V02 (54.68 ml/kg/mh) than 

the controls (44.04 ml/kg/&), T h i s  was s ta t i s t ica l ly  a significant 

duference a t  the ,05 level, These values cannot be due t o  weight daf- - 

ferences which were not found t o  be s5gnificantly different (Table 2). 

Exlrcswe t h e  was also not signif'icantly different between the groups, 

The findings fndieatgd tha t  children w i t h  h o c e n t  ~ l t m m r s  consumed and 

ut-ed o Mgher level of oxygen per kilogsrm body weight. The present 

findings can be used to question the results of Cutming (1978) who found 

the e d m e  t h e  of innscent heart murmur children to be *higher than 

those with heart defects, but bwer than those tested fron a n o m b  

school populatim (Table 3). Using peroentlhs for  the purpose of ex- 



Table 3 

*Endurance Times of 712 Patients with Heart Defects 
Aged 6 to  20 Years: Comparison of Overall Results 

Using Normal School and Innocent Heart Mmur ChildPen 

Percent of Patients 

Lsvel of Jhdurance Time Mmw Nonnal School 
Heart Defeat (Percentile Level) Children Children 

MODERATE 26th t o  50th 26 16 
51st t o  75th 23 9 

*This study measures the endurance time of a sample group s h i l a r  to  those 
children tes ted  i n  the prasent fnvestigation. 



plafning the resul ts ,  Gumming (1978) found 4'7% of children with heart 

deftsots t o  score below normal school children and only 21s t o  score be- 

Pow the children with innocent murmurs i n  t o t a l  enduranoe t h e .  The 

lower values f o r  endurance time in ohi3dren kdth innooent heart m u m s  

may be due to the environmental tes t ing oonditions of a medical olinic.  

CMldren with murmurs examined by Cuaaning had been attending the c l in ic  

f o r  other medical reasons, which may hove affected these findings, Cum- 

minge sehsol children, who were identif ied as normal, were tester3 uithin 

o clsrssroom set t ing which coukl have enhanced the motivational effects 

on the i r  pe~formance. Endurance time may not b an adequate predictor 

of cardiovasculo~ f i tness  due to the Inany factors other than the aerobic 

syetem which contribute t o  p b s i c a l  perfomnce.  This can be i l lus t ra ted 

by comparing the  relationship between the endurance time end maximum V02 

of the subjects i n  the present and those by Cummings (1978). A correla- 

t i o n  coefficient  of 0.70 was fou-rd between the endurance t h e  and maximum 

V02 of the experimental group and 0.24 of t;he control  group i n  t h i s  study. 

The correlation f o r  the experimental group was signlfioant (B<,05) whereas 

the  oorrelation af the control group was not (P>.05). C u m *  (1978) was 

sBle to dernonstsate a bet ter  relationship (0.88) between these two varia- 

bles when he tested a group of 22 athletes,  Physiologically the a thle te  

Is capable of u t i l i z ing  both the  aerobic and anaerobic systems more ef- 

feotively. This may enable hfm/hes to endwe longer bouts of ac t iv i ty  of 

nwcbal intensity. Therefore, unless used in a c l i n i c a l  se t t ing  or  f o r  

the purpose of testing athletes,  endwance time can be questioned as an 

arccurate measure of eardfovasouhr fitness. A dfrect  measure of maximum 

V02 as wed i n  t h i s  investigation provides a more adequate indication of 

cardiov~soular f i tness  than doos endurance time alone, 



CIIAPTrn V 

SUMMARY, CONCLUSXOIONS AND RlEOMKFWATXOblS 

Srmnnaq 

An investigation vas conducted t o  collect data for  evaluating the 

maximal aerobic capacity of chibPdren diagnosed with innwent heart mur- 

m u r s .  The evaluation included a s t a t i s t i ca l  comparison between children 

with h c u e n t  heart murmurs and those without murmurs. The need for  the 

study emphasized both the social and physiological implications (restric- 

t ion from physical aotivity and l i f e  insurance) of children diagnosed 

with innocent heast murmurs. The underlying etiology of innocent murmurs 

often leaves parents and teachers with a questionable doubt about the 

ab i l i ty  of the children with innocent heart murmurs  t o  perform high levels 

of activity. Research has developed the use of graded exercise testing 

i n  children as a useful tool on the diagnosing of functional capacity 

(Gadfrey, 1971; Thoren, 1978; Jordan, 1978). Further investigation has 

reported mximum V02 as the best indtcation of card2ovascuhr fi tness 

(Astrand, 1967) and the hernodynamic response of children to these testa 

have been reported (Kllmt, 1971; Cumming, e t  a l .  1978). Although physi- 

cians have supplied information on the charaateriet5cs of innocentmur- 

murs t o  help distinguish them from organic disease, physiological m- 

search has provided data (Van der Hoeven, 1977; Sabbath, e t  a l .  1979), 

whfoh may be used t o  interpret structural differenoee in their  cardiovas- 

cular system. 

The experimental and control group fo r  this investigation consisted 

of 15 ohildPen who were mabhed by age and sex. &ah c W  went through 
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a pre-test interview t o  explain the procedures used i n  maximal. exercise 

testin& During the actual  t e s t i n g  each child was assessed fo r  maximnu 

V02, mudmum heart  r a t e  a d  t o t a l  endurance time. The test, using the 

Bruce Protocol (Bruce, e t  a l .  1973). lasted approldmately 20 minutes, 

Escercise responees such as plateau of maximum VOZ, RE%Z app~oaching or 

\9meedhg 1.0 and physical tolerance were used t o  determk~e if the peak 

oxygen leve l  was a "true" maxim1 ef for t  or  i f  re-test  evaluations were 

necessrrry. Success of the t e s t  was dependent on the  child 's  willingness 

t o  part icipate and hhs/her motivation t o  produce a maximal effort .  The 

resul ts  showed there were no significant differences ( P ) , o ~  in weight, 

madma1 heart r ~ t e  and t o t a l  endurance t h e  between the two groups, Max- 

imum V02 was signiricantly di f ferent  (P(,05) with the  experimental group 

attaining a higher maximum V02 than the control  group. 

Cone lus ions 

The p q o s e  of the  study was t o  compare the mxhal aerobic capacity 

of children with and without innocent heart m u r m u r s ,  The resul ts  indicated 

children with innocent heart m m u r s  produced a s i g n i f h a n t l y  higher max- 

imum V02 as measured during a treadmill exercise. Other variables measured 

( h u m  heart ra te ,  weight and endurance time) were not signtficantly 

different. With this Wormation the  following conclusions were mader 

1. Healthy 2kLldren with innocent heart murmurs a re  not res t r ic ted by 

t h e i r  cardiovascular system i n  u t i l i z ing  oqygen during a maximal exercise 

t e s t *  

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

quate indication of aerobic capacity, This information oan be used ta in- 



vestigate previous research on children with innocent heart murmurs, 

where endurance t h e s  were measured and compared t o  nonual school child- 

ren ~ C h g ,  1978). 

3. The physiological responses of children with innocent heart; 

m u r m u r s  a re  normal in accordance with published data on normal heart  

r a te  and electrocardfographic response (Thoren, IV8). 

4, The use of motivation and pre-test evaluations were helpful in 

obtaining a "true" maximum V02 during graded exercise testing. This was 

indioated by a plateau of oxygen levels, an RER approaching 1.0 of the 

inab i l i ty  of the chi ld  t o  continue exercising a t  high intensity workloads. 

Recommendations 

The following are  ~ecsmmendations f o r  the  application of t h i s  data 

and f o r  continued study in t h i s  area of research: 

I, Children who a re  diagnosed with an innocent heart mmrmur under 

the guidelines established by auscultation of t h e i r  intensity,  duration 

and frequency should not bo limited in the i r  part icipation in exercise 

o r  a th le t i c  ac t iv i t i e s ,  

2. Further research using d i rec t  methods of naPdmal oqgen consump- 

t ion  and the simultaneous measurement of cardiac output should be com- 

pleted on a larger sample of children with innocent heart mmws. 

3. Pbysiological differences in the con t rac t i l i ty  of the  heart  

muscle and viscosity of the  blood (van der Hoeven, 19'77 Sabbath, e t  a l .  

1979) should be investigated t o  determine t h e i r  normality and affeot  on 

the funci;knal capacity of the oardiovascular sgskm. 

4. Information which is given t o  parents and k c h e r s  about child- 

ren w%th innocent m u r m u r s  should be care%ull;g monitored anal interpreted 



in order t o  eliminate any possible physiologicical alad psychological 

harm. 

A final. and personal reoomnendation would be im mamaking sure testing 

oonditions and equlplilent belng used in chtldren are condusive to their 

dkfferences in body s ize .  Careful administration of exercise testing 

should include the psychological aspect (motivation and ~ a t i e n c e )  of ob- 

taking sensitive and specific d a b .  
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ENTER FOR EDUCATION PROFESSIONS 
WILLIAM SCHMIDT. DIRECTOf4 

January 17, 1979 

To Whom It May Cancern: 

Th i s  i s  t o  v e r i f y  t h a t  P a t r i c i a  Ignagn i ,  a  graduate s t u d e n t  i n  Cardiac 
R e h a b i l i t a t i o n ,  has t h e  approval  of t h e  Center f o r  Educat ion Pro fess ions 
t o  c a r r y  o u t  a  graduate s tudy  which w i l l  i n v o l v e  p h y s i c a l  f i t n e s s  t e s t i n g  
o f  e lementary c h i l d r e n  as a  p a r t  o f  h e r  t h e s i s  comple t ion .  

We would ve ry  much apprec ia te  any ass i s tance  you  m i g h t  g i v e  h e r  i n  c a r r y -  
ing  o u t  t h i s  s tudy.  

/ , 5 - 4  '+ 
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La Crosse h e r c i s e  Program 
Graduate Study 

Pftvsic h n  Referral Form 

C U ' s  name Date 

Address Phone 

Height Weight Sex M or  F 

1, Date of l a s t  examination 

2. Please cheok any of the following conditions which are  pertinent t o  
this part icipant a 

A@ - Absolute contraindications - A n y  physha l  l imitation that would 
eliminate partiaipation in t h i s  study. 

B* - Relative Contrairdications (these will be considered fo r  en- 
- trance into the study upon review by the  medical advisor and 

thes is  committee). 

Severe &pertension 

Significant Card-lac Dysrbythia 

Significant Valvular Disease 

C be$jst Pain 

2- rtOOpe 

Significant Musculoskeletal disorder 

Asthmatic Disorder 

3. List aniy medications this patient  may be on 

4, Could you please supply the following information t o  help i n  the data 
collection of t h i s  study (optional), 

A. Blood Pressure SystoI.3~ D.ias toUa 

Be Heart Rate 

C, Characteristias of the  Innocent Murmur (loeation, in tensi ty  and 
frequency) , 

f have 0xa~dned the above applicant and approve &/her part icipation in  
t h i s  researoh study. Any exemise Pimatstions have been listed above, 

S Q P d  M.D. Phone 

lame of Phyehian Address 

Return t o r  P a t r i c k  lgmgni, Graduate Assistant, La Crosse Exercise 
Prog3am, UniveraPty of Niaconsin - La Crosse, 54601 





'601 Parents of Ist-6th Grade Chiadran 

FROH1 P a t ~ i c i a  Ignagni, Graduate Student, La Crosse Ekercise Program, 
University of Wisconsin - La Grosse, 54601 

REI Work Capaaity Study 

Dear Parent o r  mi an^ 

The Graduate Program of the University of Wisconsa - La Crosse is 
p ~ o p o s h g  a study comparing the physical work aapaoities of school ohilrll- 
ren with and without innocent heart mmws, This study will be ooordin- 
a M  by Patr ic ia  Ignagni, Graduate Assistant, of the University of 
Wisconsin and the La Crosse Exercise Program. Medical supervision of t h i s  
study will be provided by D. A. C. V. Elston, Pediatric Cardiologist, 
LR Crosse, Wisconsin. 

This l e t t e r  is t o  inform ,?ou that  your child 
is e l ig ible  upon your approval, to part icipate i n  th i s  study. Their par- 
t ic ipat ion has been approved by , M D  The 
purpose of the  study is t o  gather data in order to o v a l t ~ 6 ~ b  the physical 
work capacity of the  above-bed children. A l l  t es t ing will be 
on a treadtnill, which is a motor driven b e l t  upon which one walks or  m, 
The spsed and elevation of the b e l t  is adjustable and will be determined 
by the  procedures selected by the researah team. The study is very simple 
and basic and involves NO procedures tbat would be provoking t o  the child- 
ren (.Lee., needles, blood samples, etc.). The children will be asked only 
t o  walk and run on the treaslaaill while breathing into a mouthpiece which 
w i l l  co l l ec t  escpi~cd a i r  f o r  analysis. 

A t  the  conclusion of tes t ing you w i l l  be given the resul ts  of your 
oMldbs test along with an evaluation of t h e i r  level  of cardiovascular f i t -  
ness. Testing is tentatively schedubd t o  b e g b  March 27, 19'79, and w i l l  
involve one 45 minute session f o r  each subjectt selected. Prior t o  test ing,  
the  parents and the subject w i l l  be scheduled t o  come t o  an orientation- 
practice session. This w i l l  involve approximately one-half hour and w i l l .  
aeqmint the subject and parents with the  equ ipen t  and procedures. The 
orientation and tes t ing w i l l  be held i n  the Human Performance Laboratory, 
I i b h e U .  H a X l  on the campus of the University of Wisconsin - La Crosse. 
You w j l U  be notified by l e t t e r  and telephone as  to when the  orientation 
w i l l  be saheduled. 

Should you consent t o  your child's possib1.e part icipation in t h i s  
study, please f i l l  out the  attached form and return it b e d i a t e l y  t o  your 
Pediatrician's secretary or  mi1 it t o  Patrio3.a Ignagni a t  the  address 
Us ted  above, 

Your cooperation i n  th i s  matter is greatly npprmlsted. Thia study 
w i l l  provide valuable infomation about the  work capacity of ohildren 
involved anel ~~ afford you and your a h i U  the opportunity t o  develop e 
greater unelersknding of the  heart and c-&hry systems, 



TO I Parents of l sk6th  G~aae jhildren 
Page Two 

Student's m e  Age - Sex M or F 

Student's address BMhdate 

Has your child ever participated i n  a study similar to this? 

When and Where? Date of last  P m i c a l  Exam 

Any Pwsloal HandScap? 

Parent or Guardian's signature 

Telephone 8 Homo Work 





Tot A l l  1st-6th Grade Parents 

FRCM: Patr ic ia  Ignagni, Graduate Student, XA Crosse Exercise Progrm, 
Unive~si ty  of Wisconsin - La Crosse, 54601 

RE I Work Capacity Study 

Dear Parent or  Guardian: 

The Graduate Program of the  k Crosse Exercise Program is proposing 
a study comparing the physical work crrpsc3.ties of school children 135th 
and without innodent heart mumurs. This study will be coordinated by 
Patr ic ia  Ignagni, Graduate Assishint, La Crosse Exercise Program. Medical 
Supervision of this study will be provided by A c  C , V, Elston, Pediatric 
Cardiologist, k Crosse, Wisconeh. 

The purpose of t h i s  study is t o  gather data i n  order to evaluate the  
physical work capacity of the  above-named groups of children. A l l  tes t ing 
K i l l  be performed on a treadmill, which is a motor driven b e l t  upon whioh 
one walks o r  runs, The speed and elevation of the  b e l t  will is adjustable 
and will be determined by the  procedures selected by the  research team, 
The st* is very simple and involve NO procedures tha t  would be fr hten- 
ing  o r  provoking to the children (Lee,, needles, blood samples, e tc  ? . . 
The chiLdren w i l l  be asked only t o  walk or  run on the  treadmill while 
breathing in to  a mouthpiece, which w i l l  col lect  expired a i r  f o r  analysis. 

A t  t he  concZusion of the tes t ing you w i l l .  be given the resul ts  of yow 
ch i ld l s  test along with an evaluat5on of the i r  level  of cardiomsouhr  f i b  
ness. Testing is tenta t ively  scheduled t o  begin March 27, 19'79, Prior t o  
th i s  t e s t ing  session, the  parents and the subject will be scheduled to come 
t o  an orientation-practice session. T h b  w i l l  involve eppsoxbately one- 
half hour and will acquaint the  subject and parents t o  the  equipment and 
procedures, The orientation and test ing wil l  beheaeldin the  Human Perfor- 
nance Laboratory on t h e  campus of the University of Wisconsin - La Crosse. 
You will be notif ied by l e t t e r  and phone as  t;o when the orientation w i l l  
be scheduled, 

Should you consent t o  your ch iMss  possible part icipation i n  this 
study, please f i l l  out the  attached form and have your child return it by 
March 15, 1972, t o  his/her homeroom teacher. Your child's p4ysiabn w i l l  
be contacted concerning aqy medical consiclerations. 

Your cooperation in this matter i s  greatly appreciated. This study 
u i l l  provide the investigators with valuable information concerning the 
work capacity of the  children involved, It w i l l  also afford you and your 
child the  opportunity t o  develop a greater understanding of the  functions 
of the  heart  clnd c h u l a t o ~ y  systms. 



TO 1 A l l  l s b 6 t h  Grade Parents 
Page Two 

Student's name Age 

Adchess Birthdate 

Sex; H or F Height Weight 

Has your child ever participated i n  a study similar t o  this? 

If so,  when and whe1.e - 
F d l y  Physician Phone nutnber 

Parent or Guardian's signature 

Telephoner Home Work 





Ia t te r  t o  Primary Phvsic.Jsns 

TO: , M.D. of Clinic 

FRW: Patricia Ignagni, Graduate Student, M.S. Adult Fitness/Cardiac 
RehabUtation, University of Wisconsin - La Crosse 

RE1 Physical Work Capacity Study 

T h i s  better is to  inform you t h a t  your patient 
has been selected t o  participate i n  a research study a t  the Human Perfor- 
m e  Laborcrtory, UW-L, has consented to 
the i r  child's ~ r t i c i n a t i o n  which w i l l .  include one 45 minub session, with 
a a5 minute &admill* test. This t e s t  will rcsq\alrs a maximal eff 0rt.d- 
b g  which EXG and blood pressure wil l  be monitored. The child w i l l  also 
be q & % d  t o  wear a mouthpiece that wi l l  collect tbir expired gases for 
anta3ysis. A, C. V. LLton, P d h t r i c  C d i o l a g i s t  tsiacl HMke himself avail- 
able by telephone in case of ally mergency, A U  equipment has been adjus- 
ted for  the ch9aa's safety. 

The purpose of the study is t o  compare the physical work capacity of 
children w i t h  anel without irmoceat heart rnumms, If you are aware of an 
innocent l~mrmur present Sn the above child or if there are any aontraidi-  
cations tha t  wKU l i m i t  th i s  child's participation in this exercise tes t ,  
please contact me a t  785-8486 w i t h i n  f ive days of this let ter .  If I have 
not heart from you by this  t h e ,  I w i l l  assme them ape no medical WD- 
ations mstriCt3ag th i s  shildSs prnica?. effort  i n  this  S ~ U ~ V .  

If you have q y  questions regarding th i s  matter, please f e e l  free to 
oontact me, T W  you for  yom time in tkb matter, 





Practice-Orientation Letter 

FRQMI Patricia Ignagn5., Graduate Student, University of. Wisconsin - 
La Crsosse 

F~EI FoUw-up le t te r  regarding your child's particLpation in the 
physical work capacity study 

DATE r 

Your ohXld'e application to par t ic ipab  in the physical. work capacity 
study has been reoeived. I apprec3ste yons interest and look forward to 
meting you and your child. In my capacity as a Certified Graded Exerabe 
Teahnician and Graduate Student, 3: have had the opportunity to  effectively 
measure the o a r d i o v a s c ~ r  fi tness level of many chibhen and adults, My 
interest  in ohildren and the inrpoxbnoe in oard3ovascu2ar fitnese has en- 
aouraged me to conduot researeh in this  f t e u .  The mseamh project i s  in 
partial f u U i l b e n t  of my mastors degree in Adult ~itness/Cardiac Rebbi- 
UCation. It is important a t  this  t h e  t o  s e t  up an interview date. This 
w % l l  help in the orientation of the testing procedures. 

Again, the purpose of this study 3s t o  t e s t  hhe pbs8cal  fi tness 
level of your okalld, A l l  proaedwes in the t e s t b g  w i l l  be carefully 
s u p e d e d  by trained technioians, The t e s t  i t se l f  W~oPves running on a 
bel t  driven treadudll. As your child exercises, his/hem. expired gases 
(through normal breathing) w i l l  be collected and examined by a oomputer, 
The entire t e s t  will take approximately 45 minutes. A l l  physbal signs 
such as heart rate and blood pressure w i l l  be monitored, 

If you ham any questions regarding th i s  mat-kr, oxa if you aannot 
make the suheduagd intervi.8~ date, please oontact me a t  785-8686, during 
the day or ewnlngs a t  782-8443. Your cooperatton is greatly appreciated, 
I hope that  the testing w i l l  be an educational eqerienoe for  you and your 
child. 

The hh rv iew session will be held h a  the Human Performance Labora- 
tory, second floor, MibheU. Hall, University af Wisconsin - La Crosse. 

Scheduled Interview Date 





Master of Scieme Degree 
adult F i tnes s /Cdkc  %habilitation 
UniversAty of Wisconsin - la Grosse 

Informed Consent 

Treadmill E X B I V ~ S ~  Test 

1, , allaw Patricia Ignagni and assis- 
tants to admi\llistes a t reabf f l  exercise t e s t  on my child, 

, a t  the Human Performance h b o r a ~  on the cempw of 
the Unfmreity of WWisconsh - La C~osse. I understand the procedures of 
t h 3 ~  tee% ham been approved by B, Altnaan, Ph.D., Glen Porter, Ph.D,, and 
PMXp K. Wilson, Ed.D., the supervising thesis cormnittee. The procedures 
will also be medicaUy supervised by A. 6 .  V. Elston, Pediatric Cardiolo- 
gis t ,  Oundersen Clinic, Ltd. Dr .  Elston w i l l  make &self available with- 
i n  a phone, c a l l  reach of aw emergency. 

1 unders- that  there are no techniques involved that w i l l  h u t  or 
scam my child, He or she wJU walk and run on a motor driven treadmill 
while bath electrocardiograms and blood pressure w i l l .  be monitored. Your 
shild w i l l  also be wearing a mouthpiece that  w i l l  be connected t o  a com- 
puter used b measure oxygen levels during the test .  The difficulty of 
the -best w i l l  be prog~essively inoreased by both an increase h a  s p e d  and 
elevation of the t~eadmiU. unt i l  a maxhum effort  has been aoMeve$. This 
nmdmulll effort  w i l l  be characterized by an hc'.wase in heart rate,  blood 
pressure and muscle fatigue. 

Every effort  w i l l  be made to conduct the tiest i n  such a way as t o  
n~hbxise discomfort and risk. However, H understand that  there are poten- 
tial risks involved with exercise tests. These include signs of l ight- 
hesdedness, fah t ing ,  leg and chest discomfort, and rarely heart a tbcks  
or sudden death. I further underskand that  the Inborabry and tsohnicians 
are properly eqaipped and prepared fo r  such emergency sitwthons. I accept 
the risks erssociabcl with the above procedures i n  testing my child. 

-(~igna$ure of Parent) 

(Date of Test) 





DATA SHBl' 

C h i l d ' s  Nme Bate 

Height Weight Age 

Restbg He~rt  Rate Resting Blood Pressure / 

Shge 

1.7 @ 5s 

1,7 @ 10% 

2.5 ad 

3.4 @, 14% 

4,2 @ 16% 

5.0 @ 18I . 

2 minute recovery 

4 minute recovery 

6 minute recovery 

8 minute recovery 

Heart Rate Blood Pressure 

Tota l  Time of Test 

Any abnomalities or special considerations 





d LA CROSSE.  W I S C O N S I N  5 4 6 0 1  (608) 7 8 5 - 8 0 0 0  

J u l y  17 ,  1979 

Dear 

I have r e c e n t l y  completed t h e  a n a l y s i s  of t h e  da ta  c o l l e c t e d  dur ing 
t h e  maximum t r e a d m i l l  e x e r c i s e  t e s t s  taken a t  t h e  Univers i ty  of  
Wisconsin-La Crosse. Your p a r t i c i p a t i o n  i n  t h i s  t e s t i n g  helped t o  
eva lua te  and compare the  ca rd iovascu la r  f i t n e s s  of c h i l d r e n  w i t h  and 
without  innocent h e a r t  murmurs. 

The r e s u l t s  showed t h a t  a l l  t h e  c h i l d r e n  had normal responses i n  
r t h e i r  h e a r t  r a t e  and oxygen consumption throughout t h e  t e s t .  These 

r e s u l t s  were important because they  provided informat ion on t h e  a b i l i t y  
of c h i l d r e n  with  i ~ n o c e n t  h e a r t  murmurs t o  perform wel l  dur ing maximum 
e x e r c i s e  and t h e r e f o r e  p resen t s  no d i f f e r e n c e s  i n  t h e i r  c a p a b i l i t y  t o  
p a r t i c i p a t e  i n  physical  a c t i v i t i e s  and a t h l e t i c s .  P l e a s e ,  be aware 
though, t h a t  t h i s  informat ion should be used i n  c h i l d r e n  with  innocent  
murmurs under the  consu l t a t ion  of  t h e i r  phys ic ian .  Below you w i l l  f i n d  
the  data we obtained from your v i s i t  t o  t h e  Human Performance Lab: 

Weight 
Haximum Heart  Rate -- 

n klaximum Oxygen Consumptio: 
Endurance Time 

Maximum Oxygen Consumption-the maximum amount of  oxygen a person 
can u t i l i z e  dur ing e x e r c i s e .  This v a l u e  i s  used t o  measure 
ca rd iovascu la r  f i t n e s s .  

I would l i k e  t o  thank you f o r  your t ime and cooperat ion i n  he lp ing  
complete t h i s  p r o j e c t .  I f  you have any ques t ions  concerning t h i s  d a t a ,  
p l e a s e  f e e l  f r e e  t o  c a l l  me (782-8443; 

S i n c e r e l y ,  

P a t t i  Ignagni 

AN EQUAL OPPORTUNITY EMPLOYER 



July 17, 1979 

From: Patricia Ignagni, Master of Science, 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). 

I 

ENC: Abstract 
. Data 

Conclusions and recommendations 

AN EQUAL OPPORTUNITY EMPLOYER 



APPENDIX J 



B m e  Treadrail1 Test P r o h o l  

Stage Speed Grade 
biles / hour) ($1 

Approxbate 
Drc$gen Cost 

( d / k g  
per m i n )  





Bruce Treadmill Test Endurance Times (PA) 
i n  Clinic Children with Xhnocent H a a d  Murmrmrs 

Am 
Qroup (yr) no, 10 25 50 75 90 Mean SD 

Boys 

no, = number of subjects 
SD = standard deviation 


