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ABSTRACT 

Th is  study has compared the e f fec t iveness  o f  t h ree  types o f  exerc ise  

programs i n  the recovery o f  phys i ca l  work capac i ty  o f  f ou r teen  post  myocardial  

i n f a r c t i o n  p a t i e n t s  (age 30-54 years) who were an average o f  f i v e  months 

(range th ree  t o  seven months) p o s t - i n f a r c t  ion .  The th ree  types o f  exe rc i se  

programs inc luded two d i f f e r e n t  types o f  b i c y c l e  ergometry programs, one 

c o n s i s t i n g  o f  i n t e r v a l  t r a i n i n g  and the  o the r  o f  cont inuous e f f o r t ,  bo th  o f  

which were done f i v e  days per  week f o r  t h i r t y  minutes. The t h i r d  program 

type was a  ca l i s then ic -wa lk - j og  program c a r r i e d  ou t  f o r  t h ree  days per  week 

f o r  f i f t y  minutes. The two b i c y c l e  ergometry programs were c o n t r o l l e d  by 

cont inuous ECG moni to r ing  o f  the  p a t i e n t s  throughout exe rc i se  c o n s i s t i n g  o f  

an i n i t i a l  f i v e  minute warm-up per iod ,  t h i r t y  minute exerc ise  and a  f i v e  

m i  nu te  recovery pe r iod  whereas the ca l  i s then i  c-wal k - j o g  program was c o n t r o l  1 ed 

by manual "heart  r a t e  mon i to r ing"  o f  the p a t i e n t s  and i f  warranted by a 

t e l e m e t r i c  record ing  o f  exerc ise  hea r t  ra tes .  The t r a i n i n g  r a t e  f o r  

cont inuous ergometry was se t  a t  50 per  cent o f  the  est imated cu r ren t  maximal 

phys i ca l  work ing capac i ty  (PWC e s t )  o f  the p a t i e n t  c a r r i e d  on f o r  a  one- 
190 

h a l f  hour per iod .  I n t e r v a l  t r a i n i n g  cons is ted  o f  t h ree  se r ies  o f  work 

c o n s i s t i n g  o f  f o u r  minutes a t  each o f  40 per  cent o f  the  PWC e s t  and 60 
190 

per  cent o f  the  PWC e s t  separated by a  r e s t  p e r i o d  o f  two minutes unloaded 
190 

c y c l i n g .  The t r a i n i n g  i n  the wa lk - jog  program was c a r r i e d  ou t  a t  a  hear t  r a t e  

o f  135-145 b/min du r ing  the jogg ing  per iods.  This  dropped below 100 b/min i n  

the  wa lk ing  phases. 

Eva lua t ion  t e s t s  were made on each p a t i e n t ,  s e r i a l l y ,  every two weeks 

over  a  pe r iod  o f  twenty - four  weeks and on the bas is  o f  these t e s t s  each 



... 
I I I 

p a t i e n t ' s  e x e r c i s e  therapy  was upgraded a c c o r d i n g l y .  The i n i t i a l  s t a t u s  o f  

each p a t i e n t  was e s t a b l i s h e d  by response t o  t h r e e  separa te  e v a l u a t i o n  t e s t s .  

Dur ing  t he  r e - e v a l u a t i o n  t e s t s ,  measurements were made a t  r e s t ,  d u r i n g  a  

c o n t r o l  l e d  f i v e  minute warm-up (no load  50 rpm) and d u r i n g  t h e  course o f  

t h r e e  p r o g r e s s i v e l y  i n c r e a s i n g  s i x  m inu te  work sess ions separated by f i v e  

minu te  f r e e - p e d a l l i n g  pauses. The parameters measured a t  r e s t  i nc l uded  

pulmonary f u n c t i o n  ( t i d a l  volume, r e s p i r a t o r y  r a t e ,  v i t a l  c a p a c i t y  and F E V ~ ) ,  

we igh t ,  serum l i p i d s ,  b lood  pressure,  hemotology (RBC, WBC, hema toc r i t ,  

mean c e l l  volume and hemoglobin) and l a c t a t e  and ac id-base ba lance.  Du r i ng  

t h e  c o n t r o l  l e d  warm-up p e r i o d  c a r d i a c  o u t p u t ,  s t r o k e  volume, Vo2 and V C O ~  

and ac id-base ba lance were measured. Dur ing  t h e  t h r e e  e x e r c i s e  sess ions 

to2 ,  V C O ~  and PWC and PWC were measured. Oxygen uptake and carbon 
170 190 

d i o x i d e  e l i m i n a t i o n  were measured con t i nuous l y  by r a p i d  response meters.  

Card iac o u t p u t ,  s t r o k e  volume, b l ood  p ressure ,  l a c t a t e  and ac id-base ba lance 

were measured a t  t h e  end o f  t h e  t h i r d  e x e r c i s e  sess ion .  I n  a l l  c o n d i t i o n s  

c a r d i a c  ou tpu t .  was measured by a  CO r e b r e a t h i n g  technique.  Der ived  da ta  
2  

c o n s i s t e d  o f  myocard ia l  oxygen demand, v e n t i l a t i o n  e q u i v a l e n t  and oxygen 

pu l se .  

I t  was e s t a b l i s h e d  t h a t  w h i l e  a l l  forms o f  t r a i n i n g  produced s i g n i f i c a n t  

improvement, con t inuous  ergometry  was more e f f e c t i v e  than  e i t h e r  o f  t h e  

o t h e r  methods. The c a l i s t h e n i c - w a l k - j o g  program was l e a s t  e f f e c t i v e .  

S i g n i f i c a n t  improvement was observed i n  work c a p a c i t y  (PWC and PWC e s t ) ,  
170 190 

decreased c h o l e s t e r o l  l e v e l s ,  w i t h  no concomi tant  we igh t  change, increased 

v i t a l  c a p a c i t y  and FEV decreased r e s t i n g  h e a r t  r a t e ,  d i a s t o l i c  b l ood  1  ' 
pressure ,  myocard ia l  oxygen demand and l a c t a t e  l e v e l s ,  decreased v e n t i l a t i o n ,  

h e a r t  r a t e ,  s y s t o l i c  b lood  p ressure  and myocard ia l  oxygen demand, V02, VC02, 

R and v e n t i l a t o r y  e q u i v a l e n t  f o r  s tandard work r a t e s ,  increased oxygen pu l se  
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f o r  s tandard work ra tes ,  decreased c a r d i a c  o u t p u t  i n  submaximal work and 

lower l e v e l s  o f  me tabo l i c  a c i d o s i s  f o r  e q u i v a l e n t  work. As a  r e s u l t  o f  t h e  

t r a i n i n g ,  freedom from ar rhy thmias ,  angina and dependence on d rug  therapy  

was a l s o  observed. An o v e r a l l  w e l l  c o n t r o l l e d  t h e r a p e u t i c  scheme f o r  

p rog ress ion  o f  t h e  p o s t - i n f a r c t i o n  p a t i e n t  from t h e  I n t e n s i v e  Care U n i t  

back t o  p h y s i c a l  v i g o r  i s  discussed. 
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CHAPTER I 

INTRODUCTION 

Th is  t h e s i s  w i l l  analyse serum l i p i d ,  card iovascu lar  and r e l a t e d  

changes observed i n  post  myocardial  i n f a r c t  p a t i e n t s  p a r t i c i p a t i n g  i n  

th ree  ex tens ive  exe rc i se  programs. Exerc ise therapy i s  o f t e n  advised i n  

I 
I 

the  r e h a b i l i t a t i o n  o f  coronary p a t i e n t s ,  a l though i t  has no t  been es tab l i shed  

the  i n i t i a l  h o s p i t a l i z a t i o n ,  the  i n t e n s i t y ,  t he  amount o r  type o f  exe rc i se  

I needed, and t h e  ex ten t  o f  t he  phys io log i ca l  changes which occur i n  the  

r e h a b i l i t a t i v e  per iod .  I n  the  i n i t i a l  stages o f  recupera t ion  the  coronary - 
heart  disease p a t i e n t  w i l l  possess a  low maximal oxygen uptake and a  poor --_--.---- 
n, as might w e l l  be expected cons ider ing  the  dominant r o l e  

I o f  the  hea r t  i n  t h e  oxygen t ranspor t  system. The f o l  lowing remarks o f  

I Varnauskas (1967), supported by Karvonen a t  the  He1 s i n k i  Symposium on 

I Physical  A c t i v i t y  and the  Heart (1966), a re  p e r t i n e n t :  

"It i s  unclear  what type o f  c i r c u l a t o r y  adjustment 
i s  t o  be expected i n  p a t i e n t s  w i t h  ca rd iac  d isorders .  
W i l l  phys ica l  t r a i n i n g  cause an increase i n  ca rd iac  
ou tput  and/or s t roke  volume o r  be accompanied by 
more e f f e c t i v e  r e d i s t r i b u t i o n  o f  blood f l o w  i n  
i n d i v i d u a l s  w i t h  coronary disease. Cardiovascular  
centers  should be s t imu la ted  and supported i n  s tud ies  
o f  t r a i n i n g  e f f e c t s  on small groups o f  hea l thy  
i n d i v i d u a l s  and i n  p a t i e n t s  w i t h  ca rd iac  d isorders."  

I T h e r e h a b i l i t a t i o n o f c o r o n a r y p a t i e n t s i s v i r t u a l l y a w o r l d w i d e c o n c e r n  

I as coronary hea r t  disease (CHD) has now reached epidemic propor t  ions. I n  

North America, e s p e c i a l l y ,  f i g u r e s  on the  inc idence o f  CHD a re  stagger ing.  



Incidence, M o r t a l i t y  and Cost 

I n  1969 the Nat iona l  Heart I n s t i t u t e  (NHI) o f  the Un i ted  States 

i l l u s t r a t e d  the magnitude of  the problem. Data compiled between 1960 and 

1962 by the Nat iona l  Hea l th  Survey (NHI) i n d i c a t e d  t h a t  14,621,000 Americans, 

age 18-79, have d e f i n i t e  h e a r t  disease and an a d d i t i o n a l  12,979,000 have 

"suspect hea r t  disease1'. Thus, approximate ly  25 per  cent  o f  American a d u l t s  

have e i  t h e r  def  i n i  t e  o r  suspect hea r t  disease. Arms t rong (1965) repor ted  

t h a t  the prevalence of card iovascu lar  disease i n  Canada was about 2.5 

m i l l i o n  i n  a t o t a l  popu la t i on  o f  20 m i l l i o n .  

Cardiovascular disease, i n  the  Un i ted  States accounted f o r  54  per  cent,  

o r  1,002,000, of  a l l  deaths i n  1967. A t h e r o s c l e r o t i c  h e a r t  disease accounted 

f o r  57 per  cent (573,153) o f  these deaths, s t rokes  20 per  cent  (202,184) and 

hypertension 6 per  cent (61,126). Two hundred and f i f t y  thousand, n ine  

hundred and seven ty-seven (250,977) premature ca rd iac  deaths occurred d u r i n g  

the product ive  years under 65 (see F igure  I ) .  Haskel l  (1968) repor ted  t h a t  

the annual inc idence o f  "heart  a t tacks"  i n  the Un i ted  States was c u r r e n t l y  

about 700,000, and over  573,000 coronary p a t i e n t s  d i e  each year. 

The 1969 Canada Yearbook l i s t s  the most r e c e n t l y  a v a i l a b l e  m o r t a l i t y  

f i g u r e s  i n  Canada, among which a r t e r i o s c l e r o t i c  and degenerat ive hea r t  

disease a r e  the lead ing  causes o f  death s ince  1931 (see graph F igure  2) .  

I n  1966 they accounted f o r  48,290 deaths o u t  o f  a t o t a l  number o f  deaths 

o f  149,863 (32.2 per  cen t ) .  Deaths caused by a l l  forms o f  h e a r t  disease 

accounted f o r  35.3 per  cent o f  a l l  deaths. This  i s  a r a t e  o f  241.3 per  

100,000 popu la t ion .  Cardiovascular diseases k i l l e d  11,654 men aged 

f o r t y - f i v e  t o  s i x t y - f o u r  years i n  1966 which i s  a r a t e  o f  653 pe r  100,000 

popu la t ion .  

The B r i t i s h  Columbia Department o f  Heal th Services and Hosp i ta l  



F I G U R E  1 .  U .  S .  Coronary hear t  d isease  r a t e  per 
100,000 deaths - a l l  men under 65 years.  





FIGURE 2 .  Main causes of death, 1931 -1966, Canada. 
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Insurance (1968) l i s t  d iseases o f  t h e  h e a r t  as t he  major  cause o f  death i n  

B.C. f rom 1957 t o  1966. I n  1957 they  accounted f o r  4,913 deaths (37.3 pe r  

cen t )  and i n  1966 accounted f o r  5,927 deaths (37.6 pe r  cen t ) .  I n  t h e  male 

p r o d u c t i v e  years ,  f o r t y  t o  f o r t y - n i n e ,  d isease  o f  t h e  h e a r t  caused m o r t a l i t y  

a t  a  r a t e  o f  498.8 p e r  100,000 p o p u l a t i o n .  
' 

The 1969 r e p o r t  o f  t h e  NHI, us i ng  da ta  compi led i n  e a r l i e r  

s t a t e d  t h a t  t h e  annual economic t o l l  exacted by t h e  card iovascu  

was es t ima ted  t o  exceed 25 b i l l i o n  d o l l a r s .  Klarman (1964) e s t  

t o t a l  c o s t  t o  be 30.7 b i l l i o n  d o l l a r s .  The t o t a l  economic c o s t  

d i v i d e d  i n t o  d i r e c t  and i n d i r e c t  cos t s .  The d i r e c t  cos t s ,  t o t a  

years  , 

a r  d iseases 

mated the 

may be 

l i n g  3.07 

b i l l i o n  d o l l a r s ,  i nc l uded  expend i tu res  f o r  persona l  s e r v i c e s  and supp l i es  -- 
h o s p i t a l  ca re ,  se rv i ces  o f  phys i c i ans  and p r o v i s i o n  o f  drugs (2.58 b i l l  i o n  

d o l l a r s )  and non-personal i tems such as research,  t r a i n i n g ,  p u b l i c  h e a l t h  

s e r v i c e s  and insurance schemes (0.49 b i  11 i o n  do1 1 a r s )  . The NHI r e p o r t  s t a t e d  

t h a t  i n d i r e c t  c o s t s  t o t a l l e d  22.9 b i l l i o n  d o l l a r s ,  whereas, Klarman (1964) 

es t ima ted  t h i s  l a t t e r  expend i t u re  t o  be c l o s e r  t o  27.6 b i l l i o n  d o l l a r s .  The 

i n d i r e c t  c o s t s  i nc l uded  losses o f  p r o d u c t i o n  due t o  i l l n e s s ,  d i s a b i l i t y ,  

premature death and g r i e f .  The t o t a l  ~ l a r m a n  c o s t  o f  30.7 b i  11 i o n  do1 l a r s  

d i v i d e d  among a  p o p u l a t i o n  o f  200 m i l l i o n  amounted t o  an annual charge o f  

154 d o l l a r s  p e r  c a p i t a  o r  about 300 d o l l a r s  pe r  wage earner .  Over a work ing  

l i f e  o f  50 years c a r d i o v a s c u l a r  diseases c o s t  each American worker 15,000 

do1 l a r s  ( ~ h e p h a r d ,  1969). 

Shephard (1969), us i ng  es t ima tes  o f  Armstrong (1965), c a l c u l a t e d  the  

t o t a l  annual c o s t  t o  t h e  Canadian economy a t  1.7 b i l l i o n  d o l l a r s .  T h i s  i s  

about 86 d o l l a r s  pe r  c a p i t a  o r  170 d o l l a r s  p e r  wage earner .  

Helander (1970) r epo r ted  t h a t  i n  Sweden t he  l o s s  t o  t h e  gross n a t i o n a l  

p r o d u c t i o n  due t o  ca rd iovascu la r  and ce reb rovascu la r  diseases, r e s u l t i n g  i n  
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90 day absence from work, exceeded 125 m i l l i o n  d o l l a r s  i n  the year o f  1970. 

The long term prognosis o f  p a t i e n t s ,  compr is ing the  NHI r e p o r t ,  who 

had surv ived a  myocardial i n f a r c t i o n  i s  p r e s e n t l y  much l ess  favo rab le  than 

t h a t  of  the  general popu la t ion .  The survey i nd i ca ted  t h a t  the  average annual 

m o r t a l i t y  r a t e  f o r  p a t i e n t s  s u r v i v i n g  a  f i r s t  myocardial  i n f a r c t i o n  by a t  

l e a s t  two months ranged from twelve times the  normal r a t e  i n  t he  30-39 age 

group t o  2.5 t imes the  normal r a t e  i n  t he  60-69 age group. The cumulat ive 

f i v e  y e a r ' m o r t a l i t y  r a t e  among recovered myocardial  i n f a r c t i o n  p a t i e n t s  i s  

30 per  cent compared t o  o n l y  Toper  cent  f o r  normal sub jec ts .  I t  i s  aga ins t  

t h i s  very h igh  m o r t a l i t y  r a t e  t h a t  i t  i s  hoped exe rc i se  therapy might prove 

e f f e c t i v e .  

Use o f  Exerci  se Therapy 

Wyndham (1967) s ta ted  t h a t ,  be fore  1957, the  ca rd iac  p a t i e n t  was 

e s s e n t i a l  l y  someone whom the  medical p r a c t i t i o n e r  saw i n  bed. And he ( the  

p r a c t i t i o n e r )  was not  p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  rehabi 1 i t a t  ion  o f  t h i s  

type o f  p a t i e n t .  A r e v o l u t i o n  i n  medical t h i n k i n g  was s t a r t e d  a t  t h e  

Wisconsin Conference on Work and the  Heart,  1959. Various s tud ies  r e s u l t e d  

from t h i s  conference, however, t o  date,  s a t i s f a c t o r y  exerc ise  r e h a b i l i t a t i o n  

programs have not  been created and o n l y  s u p e r f i c i a l  r e s u l t s  have been 

obta ined from the  few publ ished s tud ies .  

A1 though Naughton -- e t  a1 . (1966), among o the rs ,  presented evidence 

suppor t ing  the  idea t h a t  super io r  recovery from myocardial  i n f a r c t i o n  occurs 

w i t h  phys i ca l  c o n d i t i o n i n g  programs many phys ic ians  s t i l l  r e s t r i c t ,  

i n d e f i n i t e l y ,  the phys ica l  a c t i v i t y  o f  t h e i r  pos t  i n f a r c t i o n  p a t i e n t s .  I n  

f a c t ,  Shanoff, as recen t l y  as 1965, s ta ted  t h a t  "on t h i s  con t i nen t  ( ~ o r t h  

~ m e r i c a )  phys i ca l  t r a i n i n g  and rehabi 1 i t a t  i on  have not  y e t  found acceptance 
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as i n t e g r a l  p a r t s  o f  the  management o f  the coronary p a t i e n t  as i t  has i n  

Europe." The case f o r  the  p r o t e c t i v e  r o l e  o f  phys ica l  a c t i v i t y  r e s t s  on 

re t rospec t i ve  s tud ies  by Mor r i s  -- e t  a l .  (1953) and Fox and Skinner (1964) 

which demonstrated the d i f f e r e n t  inc idence o f  coronary disease and myocardial  

i n f a r c t i o n  between sedentary workers (bus d r i v e r s ,  c l e rks ,  whi t e -co l  l a r  

workers) and a c t i v e  workers (bus conductor, switchmen, b lue-co l  l a r  workers).  
/--- 

- -  

Astrand (1967) s t a t e d  t h a t  i n  those s tud ies  which have been repor ted,  the % ~ \  

r i s k  of  a  coronary hea r t  a t t a c k  i s  two t o  th ree  times g r e a t e r  f o r  the  i n a c t i v e  \ 
than f o r  the a c t i v e  i n d i v i d u a l  and the chance o f  s u r v i v i n g  the f i r s t  hea r t  

a t t a c k  i s  a l s o  two t o  th ree  times b e t t e r  i n  those who are  a c t i v e .  
... ,- /" 

<__. _I.- -- 
Appropr iate Exerc ise T r a i n i n g  f o r  C a r d i a c ~  

Roskamm (1967) r e c e n t l y  discussed the  optimum pa t te rns  o f  exerc ise  f o r  

a d u l t s  i n  terms o f  t he  type o f  t r a i n i n g .  He concluded t h a t  t r a i n i n g  i n  

weight  l i f t i n g  and gymnastics had no s i g n i f i c a n t  t r a i n i n g  on the c i r c u l a t o r y  

system, and, f o r  t h i s  reason these exerc ises  should n o t  be used e i t h e r  i n  

the  prevent ion  o r  rehabi 1 i t a t i o n  o f  CHD. L i n d  (1970) i nves t i ga ted  the 

card iovascu lar  responses t o  i somet r i c  exerc ises and concluded t h a t  a l l  forms 

o f  s t a t i c  exerc ises a re  undes i rab le  i n  p a t i e n t s  w i t h  coronary a r t e r y  disease 

o r  w i t h  b o r d e r l i n e  hemodynamic func t i on .  There i s  now general agreement 

( ~ n s e l b e r ~ ,  1970) t h a t  endurance-type a c t i v i t i e s  (walking, running, jogg ing  

and c y c l i n g )  a re  super io r  t o  s t rength- type a c t i v i t i e s  ( i somet r ics  and weight-  

l i f t i n g )  i n  r e h a b i l i t a t i o n  programs. Enselberg suggested t h a t  wherever 

f eas ib le  exerc ise  t e s t i n g  should be done repeated ly  du r ing  the succeeding 

stages o f  t r a i n i n g .  "Leg exerc ises c a r r i e d  o u t  i n  the  e r e c t  p o s i t i o n  a re  

the bes t  f o r  t h i s  purpose, hence the  p o p u l a r i t y  o f  steps, b i c y c l e  ergometers 

and t r e a d m i l l s  .... B icyc le  ergometers and t r e a d m i l l s  a r e  i n  use n o t  o n l y  
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f o r  exerc ise  t e s t i n g ,  b u t  a l s o  f o r  p r o v i d i n g  e a s i l y  quan t i t a ted  t r a i n i n g  

methods." M. Bekes (1968) o f  the  Hungarian I n s t i t u t e  o f  Cardiology, 

Budapest, a t  the  European Society o f  Cardiology Symposium, supported the 

use o f  the  b i c y c l e  ergometer i n  the  f o l l o w i n g  statement: 

"As f a r  as vocat iona l  r e h a b i l i t a t i o n  o f  card iac  p a t i e n t s  
i s  concerned, ergometry proves t o  be o f  g rea t  he lp  t o  
o b j e c t i v a t e  work capac i ty  as w e l l  as the i n f l uence  o f  
t r a i n i n g  programs. This i s  why the Sta te  Hosp i ta l  o f  
Balatonfured, a  l a rge  c a r d i o l o g i c a l  rehabi 1 i t a t i o n  center ,  
i s  now in t roduc ing  b i c y c l e  ergometry on a  b i g  sca le  i n  
connect ion w i t h  a l ready w e l l  es tab l i shed  swimming programs 
.... s tandard i za t i on  o f  techniques i s  abso lu te l y  necessary." 

T h e i n t e n s i t y o f  t r a i n i n g d o n e d u r i n g a r e h a b i l i t a t i o n s e s s i o n s h o u l d  X 
be based upon phys io log i ca l  responses t o  exerc ises dur ing  i n i t i a l  and 

subsequent t e s t s .  Denol i n ,  Mess i n  and Degre (1967), among others,  ex tens ive l y  

s tud ied  the  problem of  t e s t i n g  the  work capac i ty  of card iac  p a t i e n t s .  They 

were l ook ing  f o r  a  usefu l  c l i n i c a l  t e s t  t h a t  was simple, safe, reproducib le 

and had a  sound phys io log i ca l  bas is .  They se lec ted  a t e s t  based on the 

pub1 i c a t i o n s  o f  S jos t rand (1947) and Wahlund ( l948),  t h a t  y i e l d e d  the phys ica l  

working capac i ty  a t  a  hear t  r a t e  o f  170 (PWC170). The PWC170 meets bo th  

c l i n i c a l  and phys io log i ca l  c r i t e r i a .  The use o f  h e a r t  r a t e  as the c r i t e r i o n  

o f  c i r c u l a t o r y  adapta t ion  dur ing  work may appear t o  be an o v e r s i m p l i f i c a t i o n ,  

however, Denol i n ,  Mess i n  and Degre (1967) s ta te ,  "heart r a t e  represents the 

most s e n s i t i v e  parameter o f  card iovascu lar  nonadaptat ion t o  exerc ise,  what- 

ever  the  cause o f  the nonadaptat ion may be, such as i n s u f f i c i e n t  card iac  

output ,  o r  c i  r c u l a t o r y  and/or metabol i c  disturbances i n  the working muscles .I1 

The i n t e n s i t y  o f  t r a i n i n g  i s  usua l l y  se lec ted t o  achieve a  hear t  r a t e  

between 135 and 150 beats/min, i f  t h i s  can s a f e l y  be achieved. Roskamm 

(1967) has shown t h a t  a  susta ined t r a i n i n g  h e a r t  r a t e  o f  150 can s i g n i f i c a n t l y  

increase work performance and card iovascu lar  parameters i n  heal thy m i  dd l e -  



age males. The c r i t i c a  

corresponded t o  r e s t i n g  

1 leve  

hear t  

1 1  
1 t o  y i e l d  s i g n i f i c a n t  improvements approximately 

r a t e  p l u s  60 pe r  cent  o f  the d i f f e r e n c e  between 

r e s t i n g  and maximal hea r t  r a t e  o r  as suggested above about 140 beats/min i n  

the age group 35 t o  50. Wyndham (1967) s t a t e d  t h a t  card iac  p a t i e n t s  should 

be r e h a b i l i t a t e d  a t  about 40-50 per cent o f  maximum working capac i ty .  This $ 

leve l  has been successful  i n  the card iac  t r a i n i n g  programs t o  date ( ~ n s e l b e r ~ ,  

1970). The optimum dura t i on  o f  each session, type o f  t r a i n i n g  ( i n t e r v a l  o r  

continuous) and frequency per  week, o f  t r a i n i n g  regimes have on ly  been 

explored i n  heal thy  i n d i v i d u a l s  (Shephard, 1968b), no t  determined f o r  card iac  

pa t ien ts .  The sa fe ty  fea tu re  o f  course i s  of the utmost importance when 

t r a i n i n g  card iac  pa t ien ts .  General ly ,  i t  appears t h a t  exerc ise  f i v e  times 

per  week i s  best,  th ree times pe r  week i s  adequate w h i l e  tw ice  a week i s  an 
-_--------- 

absolute minimum f o r  the average hea l thy  i n d i v i d u a l  (Kasch and Boyer, 1969; 

Roskamm, 1967). Less than tw ice  weekly can o f t e n  be de le te r ious  and dangerous. 

Shephard (1968a) s ta ted  t h a t  f i v e  t h i r t y  minute sessions per  week should be 

recommended f o r  the treatment o f  card iac  o r  sedentary p a t i e n t s  t o  develop 

f i t n e s s  and th ree sessions per  week f o r  maintenance. Roskamm (1967), among - - .- 
F 

others ,  found s i g n i f i c a n t  changes w i t h  h a l f  an hour o f  t r a i n i n g  f i v e  times 

per  week. Some t r a i n i n g  e f f e c t  was found by Hollman (1965) i n  ten  persons 

who t r a i n e d  by s t a t i o n a r y  running f o r  on l y  ten minutes per  day f o r  three 

months. I n  f u r t h e r  s tud ies  by Roskamrn on the type o f  t r a i n i n g ,  he concluded 

t h a t  t r a i n i n g  by means o f  an 

"un in ter rupted work load i s  most e f f e c t i v e  i n  decreasing 
the  h e a r t  r a t e  a t  r e s t  and i n  the low and middle i n t e n s i t y  
exerc ise  encountered i n  d a i l y  l i f e .  However, i n t e r v a l  
t r a i n i n g  i s  equa l l y  e f f e c t i v e  o r  even more e f f e c t i v e  i n  
improving the maximum working performance . . . . As a p r a c t i c a l  
concl us i on, we recommend t h a t  persons w i  t h  vaso-regulatory 
disturbances t r a i n  w i t h  un in te r rup ted  work loads. Persons 
w i t h  normal c i r c u l a t i o n  and a low r e s t i n g  hear t  r a t e  can 
a l s o  do i n t e r v a l  t r a i n i n g . "  
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Commencement o f  Exe r c i  se Therapy 

A c r i t i c a l  problem t o  be solved, be fore  engaging i n  an exerc ise  program 

f o r  card iac  p a t i e n t s ,  i s  when t o  s t a r t .  Enselberg (1970) s t a t e d  t h a t  a f t e r  

discharge from the h o s p i t a l  the  p a t i e n t  should be kept  a t  a low l e v e l  o f  

a c t i v i t y  w i t h  very  slow progression f o r  a t  l e a s t  s i x  weeks f rom the  onset 

"since i t  i s  u s u a l l y  f e l t  t h a t  t h i s  i s  the minimum t ime f o r  s i g n i f i c a n t  

heal  i n g  of  the  i n f a r c t  ." Shephard (1968a), on the  o the r  hand, advised t h a t  

s i x  months f o l l o w i n g  an acute episode " i s  probably a good t ime t o  s t a r t  upon 

a ser ious  programme of rehabi 1 i t a t i o n ;  i f  exe rc i se  i s  undertaken e a r l i e r ,  

r e p a i r  o f  the  i n f a r c t  may be incomplete, and i f  i t  i s  f u r t h e r  delayed, the  

enthusiasm f o r  exe rc i se  generated by the  " c r i t i c a l  i nc iden t ' '  may be l o s t . "  

Wyndham (1967) suggested t h a t  physi ca l  and occupat ional  rehabi 1 i t a t  i on  o f  

uncomplicated cases should begin w i t h i n  th ree  months o f  the  .- acute episode. 

F u l l  work, w i t h i n  the assessed phys i ca l  work ing capac i t y  o f  the  p a t i e n t ,  

should be achieved w i t h i n  s i x  months. This  t ime schedule appears t o  be the 

cu r ren t  p r a c t i c e  f o r  e s t a b l i s h i n g  the  s t a r t i n g  date o f  r e h a b i l i t a t i o n .  I t  i s  

genera l l y  f e l t  t h a t  i f  one delays work too  long, phys i ca l  r e h a b i l i t a t i o n  i s  

more d i f f i c u l t  and psycho log ica l  d i f f i c u l t i e s  may r e s u l t ,  such as the  

i n d i v i d u a l  regarding h imse l f  as a chron ic  i n v a l i d .  

Safety o f  Tes t ing  and T r a i n i n g  of  Cardiac P a t i e n t s  

I 

Another d i s t i n c t  problem con f ron t i ng  any group i n i t i a t i n g  an exerc ise  

program i s  the incidence o f  myocardial  i n f a r c t i o n s  a t t r i b u t a b l e  t o  exerc ise  

t e s t i n g  o r  t r a i n i n g  of  coronary p a t i e n t s .  However, con t ra ry  t o  many e a r l i e r  \ 
expectat ions the t e s t i n g  and r e h a b i l i t a t i o n  o f  card iac  p a t i e n t s  has proven ,i /) 

remarkably safe.  Bruce, Horns ten and B l  ackmon (1968) repor ted  t h a t  myocardial  

i n f a r c t i o n  was an extremely r a r e  compl ica t ion  o f  maximal exerc ise  t e s t i n g  
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when appropr ia te  precaut ions were taken. These inc luded s e l e c t i o n  t o  avo id  

p a t i e n t s  w i t h  recent a c t i v e  myocardial  o r  pulmonary les ions ,  and pro fess iona l  

moni to r ing  dur ing  the t e s t i n g .  They found w i t h  such s e l e c t i o n  and superv is ion,  

s a f e t y  was assured i n  over 2,000 card iac  p a t i e n t s  i n  S e a t t l e  and i n  over 2,000 

men i n  Taiwan. I n  t h i s  repo r t  the  authors repor ted  one case o f  acute i n f a r c -  

t i o n  f o l l o w i n g  exerc ise  t e s t i n g  i n  an apparent ly  hea l thy  person. I n  t h i s  

i n d i v i d u a l  there was no evidence o f  i n f a r c t i o n  a f t e r  h i s  exhaust ing e f f o r t  

bu t  symptoms occurred immediately on exposure t o  h o t  water  w h i l e  he was 

tak ing  a shower a few minutes l a t e r .  E l l e s t a d  -- e t  a l .  (1969) recen t l y  repor ted  

t h e i r  experience w i t h  maximal t r e a d m i l l  s t ress  t e s t i n g  w i t h  normal and card iac  

pat ien ts  w i t h  ages rangi ng from 7 t o  83 years. No deaths occurred i n  t h e i  r 

experience o f  4,028 tes ts .  V e n t r i c u l a r  asys to le  and v e n t r i c u l a r  f i b r i l l a t i o n  

were no t  seen. Trans ient  v e n t r i c u l a r  tachycardia, l a s t i n g  less than twenty 

seconds and r e v e r t i n g  spontaneously occurred n ine  times. To the  au tho r ' s  

knowledge no deaths o r  ser ious cond i t ions  have a r i s e n  from submaximal card iac  

rehabi 1 i t a t  ion s tud ies  reported i n  the 1 i t e r a t u r e .  Varnauskas (1967) repor ted  

t h a t  i n  submaximally t e s t i n g  25,000 p a t i e n t s  w i t h  card iac,  o r  suspected card iac  

disease i n  a twelve year per iod ,  Professor Car ls ten ( ~ e a d ,  C l i n i c a l  Physio- 

l o g i c a l  Department, Univers i t y  o f  ~ o t e b o r ~ )  encountered myocardial  i n f a r c t i o n  

o n l y  once and v e n t r i c u l a r  tachycardia twice.  

Object ives 

Recently,  a European c a r d i o l o g i s t ,  F r i c k  (1969), discussed the  problem 

o f  r e h a b i l i t a t i o n  s tud ies  and appealed t o  o the r  i nves t i ga to rs  i n t e r e s t e d  i n  

the s c i e n t i f i c  eva luat ion  o f  the e f f e c t s  o f  exerc ise  on p a t i e n t s  w i t h  

coronary disease t o  i n v e s t i g a t e  the  mechanism^'^ which have brought about 

increased e f f i c i e n c y .  He considered i t  "establ ished" t h a t  moderate phys ica l  



c o n d i t i o n i n g  improves t h e  e f f i c i e n c y  o f  a  h e a r t  c r i p p l e d  by impai red 

c i r c u l a t i o n .  Th i s  s tudy  was i n i t i a t e d  t o  i n v e s t i g a t e  some o f  t h e  "mechanisms" 

S p e c i f i c a l l y ,  t he  purpose o f  t h i s  s tudy was t o  eva 

i o l o g i c a l l y ,  t h e  p a t t e r n  o f  ca rd iovascu la r  recovery  

1  ead 

P ~ Y  s  

i n g  t o  t h e  improvement. 

l u a t e  f i r s t ,  

o f  pos t  c a r d i a c  

i n f a r c t  p a t i e n t s  engaged i n  e x e r c i s e  programs. Secondly, t o  compare t h e  

r e s u l t s  o f  t h r e e  v a r i a t i o n s  o f  e x e r c i s e  t r a i n i n g  methods t o  determine t h a t  

which i s  most e f f e c t i v e .  T h i r d l y ,  t o  e s t a b l i s h  what a r e  t h e  s p e c i f i c  

v a r i a b l e s  i n  which t h e  improvement i s  most e a s i l y  seen. 

The ca rd iovascu la r  measures i n v e s t i g a t e d  were carbon d i o x i d e  o u t p u t  

and oxygen uptake,  b lood  pressure,  h e a r t  r a t e  and c a r d i a c  o u t p u t  ( us i ng  

t he  b lood less  carbon d i o x i d e  reb rea th ing  techn ique  o f  Jones e t  a l .  (1967)) .  -- 
The standard pulmonary f u n c t i o n  t e s t s  o f  v i t a l  c a p a c i t y  and f o r ced  

e x p i r a t o r y  volume were a l s o  performed. Assoc ia ted  w i t h  these v a r i a b l e s  

a r e  acid-base ba lance changes, l a c t a t e s ,  hemato log ica l  v a r i a b l e s  (RBC, WBC, 

MCV, hema toc r i t  and ~ b ) ,  serum c h o l e s t e r o l  and t r i g l y c e r i d e s .  Der ived 

measures i nc l uded  resp i  r a t o r y  exchange r a t i o  (R)  , s t r o k e  volume, ven t  i l a t o r y  

e q u i v a l e n t ,  oxygen pu lse ,  and es t ima ted  myocard ia l  oxygen demand. I n  a  

few p a t i e n t s  coronary angiograms were t o  be performed i n i t i a l l y  and a f t e r  

t h e  program. 



CHAPTER I I 

REVIEW OF LITERATURE 

R e h a b i l i t a t i o n  o f  Cardiac Pa t i en ts  

Changes i n  card iovascu lar  f unc t i on  and work capac i t y  

The important problem o f  p revent ing  and r e h a b i l i t a t i n g  coronary hea r t  

disease (CHD) and myocardial  i n f a r c t  ion ,  a1 though recognized, i s  no t  solved. 

A f t e r  an ex tens ive  review o f  the l i t e r a t u r e  o f  cu r ren t  popu la t i on  a c t i v i t y  

l e v e l s  and inc idence o f  CHD, Fox and Skinner (1964) concluded t h a t  " i t  i s  an 

a t t r a c t i v e  hypothesis  t h a t  phys ica l  a c t i v i t y  can c o n t r i b u t e  t o  the  prevent ion  

o r  m o d i f i c a t i o n  of  CHD and conceivably o f  a l l  t he  athero- thrombot ic  diseases, 

e s p e c i a l l y  s ince  these diseases a re  the major h e a l t h  hazard o f  the  Western 

World". The work by Fox and Skinner i s  a  r e s u l t  o f  what Wyndham (1967) c a l l s  

a  " revo lu t i on  i n  medical t h i n k i n g  on the  sub jec t  o f  r e h a b i l i t a t i o n  o f  the  

card iac  p a t i e n t "  which took p lace i n  t he  decade f o l l o w i n g  1957. The 

r e v o l u t i o n  s t a r t e d  a t  t he  Wisconsin Conference on Work and the  Heart.  I n  

1964 a  very  important p u b l i c a t i o n  i n  t h i s  area was the  World Heal th 

Organ iza t ion  Technical Report No. 270 e n t i t l e d  R e h a b i l i t a t i o n  o f  Pa t i en ts  

w i t h  Cardiovascular Diseases. The aims o f  r e h a b i l i t a t i o n  as s ta ted  i n  the  

1964 WHO r e p o r t  a r e  as f o l l o w s :  "The aim o f  r e h a b i l i t a t i o n  i s  no t  o n l y  t o  

r e s t o r e  the p a t i e n t  w i t h  card iovascu lar  disease t o  h i s  prev ious capac i ty ,  b u t  

t o  develop h i s  phys ica l  and mental f unc t i ons  t o  the optimum". 

The b e n e f i c i a l  e f f e c t s  o f  exerc ise  have been w e l l  subs tan t ia ted  by 

repor ts  on the t r a i n i n g  of  normal f i t  and u n f i t  c h i l d r e n  and a d u l t s  

(Ekblom, 1969 and Skinner -- e t  a l . ,  1967). The World Heal th Organ iza t ion  

Technical Report No. 436 (1969) presents a  comprehensive discuss ion  o f  
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exerc ise  t r a i n i n g  e f f e c t s  and optimum phys i ca l  performance capac i t y  i n  

middle aged adu l t s .  However, as He1 l e r s t e i n  (1968) s t a t e s  "physical  

t r a i n i n g  has no t  as ye t  found acceptance i n  t h i s  count ry  (un i ted  States)  

as an i n t e g r a l  p a r t  of t he  management o f  t he  p a t i e n t  w i t h  myocardial  

i n f a r c t 1 ' .  One of  the  e a r l i e s t  repo r t s  of  such an undertak ing was i n  1964 by 

Naughton and Blake. I n  t h i s  i n v e s t i g a t i o n  f i v e  male, healed pos t  myocardial  

i n f a r c t i o n  p a t i e n t s  t r a i n e d  f o r  a  p e r i o d  o f  t h ree  t o  f i v e  months. The t r a i n i n g  

program was d a i l y  p a r t i c i p a t i o n  i n  simple y e t  h i g h l y  compe t i t i ve  b a l l  games. 

I n  a l l  instances t r a i n i n g  l e d  t o  a  lower pu lse  r a t e ,  b lood pressure, minute 

v e n t i l a t i o n  and serum cho les te ro l  concen t ra t i on  a t  r e s t .  Greater ca rd io -  

r e s p i r a t o r y  e f f i c i e n c y  a t  comparable l e v e l s  of  energy demands occurred as 

w e l l  as an increased work capac i ty .  A l l  of t he  changes recorded were s i m i l a r  

t o  those known t o  occur w i t h  t r a i n i n g  i n  normal hea l thy  i n d i v i d u a l s .  S i m i l a r  

f i n d i n g s  were repor ted  by Hol loszy  -- e t  a l .  (1964). Naughton -- e t  a l .  (1966) 

showed an improvement i n  the  work capac i ty  o f  twelve post  coronary p a t i e n t s  

who volunteered f o r  an e i g h t  month phys ica l  c o n d i t i o n i n g  program. The 

sub jec ts  engaged i n  an hour- long med ica l l y  superv ised exe rc i se  session th ree  

times a  week, c o n s i s t i n g  o f  compet i t i ve  game c a l i s t h e n i c s  and noncompet i t ive 

jogging.  Each sub jec t  g radua l l y  increased h i s  l e v e l  o f  energy expendi ture.  

As i n  t h e i r  e a r l i e r  study, they repor ted  s i g n i f i c a n t  t r a i n i n g  e f f e c t s  i n  the 

exe rc i s ing  card iacs  as r e f l e c t e d  by a  s i g n i f i c a n t  decrease i n  the r e s t i n g  and 

exerc ise  l e v e l s  o f  s y s t o l i c  and d i a s t o l i c  b lood pressure f o l l o w i n g  the  

phys ica l  cond i t i on ing .  The r e s t i n g  and e x e r c i s i n g  pu lse  r a t e  was s i g n i f i c a n t l y  

lower a f t e r  the  t r a i n i n g  program. Only two o f  the twelve completed the 

i n i t i a l  e ighteen minute t r e a d m i l l  walk, however, a f t e r  the program, eleven 

o f  the  twelve completed the  t e s t .  Actual work c a p a c i t i e s  and oxygen uptakes 

were n o t  measured. 
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Barry -- e t  a l .  (1966) used a  b i c y c l e  ergometer t o  t r a i n  s i x  p a t i e n t s  w i t h  

healed myocardial i n f a r c t i o n .  The t r a i n i n g  p e r i o d  l a s t e d  from s i x  t o  

s ix ty -one weeks depending on the  sub jec t  and i n  a l l  cases s t a r t e d  a t  l e a s t  

twelve weeks a f t e r  the  occurrence o f  t h e  i n f a r c t i o n .  Physical  work capac i t y  

was increased and the work e lec t rocard iogram was improved i n  f i v e  of  the  s i x  

subjects,  however, marked v a r i a t i o n s  i n  the  card iovascu lar  response t o  

exerc ise  was noted throughout the  program, I n  some cases, s i g n i f i c a n t  

improvement occurred o n l y  a f t e r  t h i r t e e n  months o f  t r a i n i n g .  However, much 

o f  the  t r a i n i n g  was done a t  home and cons i s ten t  improvement was noted du r ing  

the  l a s t  s i x  weeks o f  the  program when they t r a i n e d  under superv is ion  i n  t he  

h o s p i t a l  . 

He1 l e r s t e i n  -- e t  a l .  (1967a, 1967b, 1968) repo r ted  t h e  ca rd io resp i  r a t o r y  

changes du r ing  t r a i n i n g  o f  50 and l a t e r  100 coronary p a t i e n t s .  The WL150 

(work load necessary t o  reach a  hea r t  r a t e  o f  150 beats per  minute) increased 

from 586 t o  639 kpm/min and the  hear t  r a t e - s y s t o l  i c  b lood pressure product  

( the s y s t o l  i c  tens ion  t ime index (STTI ) )  which has been shown t o  be a  good 

es t ima t ion  o f  myocardial  oxygen uptake ( ~ a t z  and Feinberg, 1958; Sarnof f  - e t  

a l . ,  1958) showed a  s i g n i f i c a n t  decrease. Pred ic ted  maximal oxygen uptake - 
rose s i g n i f i c a n t l y  and the  exerc ise  s y s t o l i c  b lood pressure decreased. Many 

p a t i e n t s  (63 per  cent )  had arrhythmias present  i n  the exerc ise  e l e c t r o c a r d i o -  

graph before  t r a i n i n g ,  but  n o t  a f t e r  t r a i n i n g .  The card iac  p a t i e n t s  were 

fo l lowed f o r  an average o f  2.7 years and du r ing  t h i s  p e r i o d  t h e  m o r t a l i t y  

r a t e  was found t o  be lower f o r  the exe rc i se  p a t i e n t s .  The m o r t a l i t y  r a t e  

o f  comparable coronary sub jec ts  t r e a t e d  i n  the  t r a d i t i o n a l  manner ranged 

from 4.5 t o  6.0 per  hundred p a t i e n t  years. I n  t h i s  study, the  r a t e  was 

lowered f o r  the  p h y s i c a l l y  cond i t ioned p a t i e n t s  t o  1.95 per  hundred p a t i e n t  

years. He1 1er (1967) repor ted  the  resul  t s  o f  a  "phys ic ian-approved 
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cond i t i on ing  program fo r  p a t i e n t s  fo l l ow ing  a  myocardial  i n f a r c t i o n  ... 
c a r r i e d  on f o r  t h ree  years w i thou t  s p e c i f i c  measurements o f  card iac  

funct ion". Twenty-two p a t i e n t s  were p a r t i c i p a t i n g  th ree  t o  f i v e  t imes 

weekly and " a l l  show d e f i n i t e  c l i n i c a l  improvement" (decreased r e s t i n g  

blood pressure and increased work capac i ty )  . Rechni t z e r  e t  a1 . (1965, 1967b) -- 
reported the  e f f e c t s  o f  a  24 week exerc ise  program (two days per  week) on 

e i g h t  p a t i e n t s  w i t h  previous myocardial i n f a r c t i o n .  The lapsed t ime post -  

i n f a r c t i o n  va r ied  from s i x  months t o  four years. -The program r e s u l t e d  i n  a  

s i g n i f i c a n t  reduct ion  o f  body f a t ,  increase i n  "muscular endurance" and 

sub jec t i ve  improvement i n  mood. Muscular endurance was measured by the  

performance o f  a  f i v e  minute endurance t e s t  t h a t  consisted o f  a  b a t t e r y  o f  

s i x  i n d i v i d u a l  t e s t  items (push-ups, s i t -ups ,  chest ra ise ,  double l e g  ra i se ,  

s ide  l e g  r a i s e  and s i t t i n g  tucks) .  No s i g n i f i c a n t  changes occurred i n  t h e  

pulmonary func t i on  t e s t s .  I n  a l l  s tud ies  so f a r  reported, o n l y  i n i t i a l  and 

p o s t - t r a i n i n g  t e s t s  have been done, a lso ,  o n l y  hear t  r a t e ,  b lood pressure 

and some work loads were measured. Predicted maximal oxygen uptake was used 

1 on ly  by He1 l e r s t e i n  (1968). The r e l a t i v e  e f fec t i veness  o f  the t r a i n i n g  prog- 

rams has not  been measured. 

Varnauskas -- e t  a l .  (1966) reported a  more d e t a i l e d  study i n  which they 

evaluated the  hemodynamics and metabol ic  changes a t  r e s t  and dur ing  exerc ise  

a f t e r  f o u r  t o  s i x  weeks o f  phys ica l  t r a i n i n g  i n  n ine  p a t i e n t s  w i t h  coronary 

disease. Coronary angiography was done one year a f t e r  t r a i n i n g  i n  f i v e  

p a t i e n t s .  Exercise t e s t s  were done i n i t i a l l y  and a t  the end o f  the  program. 

Each i n d i v i d u a l  was "expected" t o  p a r t i c i p a t e  th ree  times per week i n  a  

t h i r t y  minute program cons is t i ng  o f  c a l i s t h e n i c s ,  a  run-walk sequence and 

recreat iona l  games. A t  r e s t ,  hear t  ra te ,  blood pressure, oxygen consumption 

and card iac  output  were measured and blood samples f o r  blood-gas ana lys i s  
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were taken. The same measurements were repeated a f t e r  f i v e  and twenty- f  i ve  

minutes o f  exe rc i  se (b icyc le  ergometry) and a1 so du r ing  the  recovery per iod .  

The ECG was monitored cont inuous ly .  

T r a i n i n g  cons is ted  of  a  t h i r t y  minute b i c y c l e  r i d e .  A basal work load 

was chosen f o r  each person and t h i s  increased f o r  an exerc ise  p e r i o d  o f  one 

t o  th ree  minutes. F i ve  minute r e s t  i n t e r v a l s  were g iven between work loads. 

Using the  suggestions of  prev ious i n v e s t i g a t o r s ,  a l l  t r a i n i n g  was done under 

the  superv is ion  of  a  doctor .  

The r e s u l t s  repor ted  were as fo l lows.  Work capac i ty ,  assessed 

c l i n i c a l l y ,  increased i n  a l l  p a t i e n t s .  I n  response t o  standard exerc ise ,  

hear t  r a t e  "showed a  smal l  decrease" a f t e r  t r a i n i n g  i n  t he  m a j o r i t y  o f  t he  

p a t i e n t s .  There were o n l y  small changes i n  the  v e n t i l a t i o n  and no cons i s ten t  

changes i n  t he  oxygen uptake were noted. The ca rd iac  ou tput ,  as determined 

by the  d y e - d i l u t i o n  method, was s i g n i f i c a n t l y  lower a f t e r  the  t r a i n i n g  than 

before,  i n  a l l  cond i t i ons  o f  r e s t  and exerc ise .  Resp i ra tory  quo t i en ts  were 

lower a f t e r  t r a i n i n g  than before  i n  a l l  phases o f  r e s t  and exerc ise .  The 

ar ter io-venous oxygen d i f f e r e n c e  increased w i t h  the  decreasing ca rd iac  

ou tput .  Stroke volume was s i g n i f i c a n t l y  lower. Blood pressure, i n  r e s t  and 

exerc ise ,  was s l i g h t l y  lower a f t e r  t r a i n i n g .  Blood l a c t a t e s  were lower a t  

r e s t  and a f t e r  exerc ise  a t  the  end o f  t he  t r a i n i n g  per iod .  The hemoglobin 

values were s l i g h t l y  and c o n s i s t e n t l y  h igher  a f t e r  the  t r a i n i n g  than before.  

They concluded t h a t  the  decrease o f  card iac  ou tput  f o r  equ iva len t  submaximal 

work was the  most ou ts tand ing  hemodynamic e f f e c t  o f  phys ica l  t r a i n i n g .  The 

mechanism suggested fo r  t h i s  decrease was a  more e f f e c t i v e  r e d i s t r i b u t i o n  

of blood f low from d i f f e r e n t  organ systems and non-exerc is ing muscles t o  the 

c a p i l l a r y  bed of  t he  exe rc i s ing  muscles. The pos tu la ted  reason f o r  the  smal l  

changes was i n  p a r t  due t o  the sho r t  t r a i n i n g  p e r i o d  o f  on l y  f o u r  t o  s i x  
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weeks. 

F r i c k  and Kat i l a  (1968) s tud ied  the  hemodynamic consequences o f  phys ica l  

t r a i n i n g ,  th ree  per iods weekly f o r  one t o  two months, a f t e r  myocardial  

i n f a r c t i o n .  The t r a i n i n g  was assessed i n  seven p a t i e n t s  by card iac  

c a t h e t e r i z a t i o n  a t  r e s t  and du r ing  exerc ise .  During the  weeks o f  t r a i n i n g  

the exerc ise  to le rance o f  a l l  sub jec ts  g radua l l y  increased. The exerc ise  

consis ted o f  supine peda 1 1  i ng a t  two loads from 350 t o  600 kpm/mi n. The 

t r a i n i n g  was fo l lowed by reduct ion  i n  exerc ise  hear t  r a t e  and tens ion  t ime 

index as determined from b rach ia l  a r t e r y  pressures. Stroke volume du r ing  

exerc ise  was increased. No s i g n i f i c a n t  change occurred i n  the  hear t  volume. 

L e f t  v e n t r i c u l a r  f u n c t i o n  was improved and a s i g n i f i c a n t  increase i n  the  

r a t e  o f  r i s e  o f  r i g h t  v e n t r i c u l a r  pressure occurred. The authors suggested 

these r e s u l t s  i nd i ca ted  myocardial  hyper t rophy,  which through reduced 

compliance accounted f o r  increased v e n t r i c u l a r  f i l l i n g  pressures. A r t e r i a l  

l a c t a t e  was reduced du r ing  exerc ise  w i thou t  any change i n  the  ar te r io -venous 

oxygen d i f f e rence .  Increased coronary b lood f l o w  was suggested as another 

p o s i t i v e  hemodynamic change. Small and not  s i g n i f i c a n t  changes occurred i n  

v i t a l  capac i ty  and fo rced expi  r a t o r y  volume. 

A recent  repo r t  by Kasch and Boyer (1969) i nves t i ga ted  the  changes o f  

maximal aerob ic  power and associated parameters i n  coronary p a t i e n t s  du r ing  

a s i x  month t r a i n i n g  regimen. Eleven sub jec ts ,  a minimum o f  one year pos t -  

i n f a r c t i o n ,  p a r t i c i p a t e d  i n  an i n t e r v a l  t r a i n i n g  program o f  f o r t y - f i v e  t o  

s i x t y  minutes four days per  week. T r a i n i n g  was done a t  a hear t  r a t e  o f  

approximately seventy percent o f  maximum. Three b i c y c l e  ergometer t e s t s ,  

twenty-seven minutes i n  du ra t i on ,  were performed, i n i t i a l l y ,  and a f t e r  th ree  

monthly and s i x  monthly i n t e r v a l s .  Maximal oxygen uptake, b lood pressure, 

hear t  r a t e  and b lood l a c t a t e s  were measured. Myocardial  oxygen consumption 



est imated by the product  o f  hea r t  r a t e  and s y s t o l i c  b lood pressure was a l s o  

measured. 

As a r e s u l t  o f  t he  t r a i n i n g ,  the  maximal oxygen uptake increased from 

19.9 ml/kg/min t o  27.5 ml/kg/rnin a t  th ree  months and t o  30.6 ml/kg/min a t  

s i x  months. Consistent  improvement was a l s o  observed by a decrease i n  

r e s t i n g  and exe rc i s ing  hear t  ra tes  and blood pressures. The mean maximal 

working capac i ty  increased by 52 per  cent.  A mean decrease was seen i n  the  

index o f  myocardial  oxygen u t i l i z a t i o n  per  u n i t  o f  work which the  authors 

suggested might be a s ign  t h a t  t he  myocardium had become more e f f i c i e n t .  

Clausen -- e t  a l .  (1969) repor ted  the  e f f e c t s  o f  a sho r t  ( f ou r  t o  s i x  weeks; 

f i v e  days per  week) b i c y c l e  ergometry program on the  card iovascu lar  and 

r e s p i r a t o r y  response t o  exerc ise  i n  n ine  p a t i e n t s  w i t h  coronary a r t e r y  

disease. C l  i n i c a l  improvement and increased work ing capaci t y  (average 

increase from 522 kpm/min t o  696 kpm/min) were observed i n  a1 1 p a t i e n t s .  The 

average card iac  ou tput  du r ing  r e s t  o r  exe rc i se  was unchanged, however, t he  

authors po in ted  out  t h a t  i t  was e s p e c i a l l y  i n t e r e s t i n g  t h a t  there  was a 

s i g n i f i c a n t  decrease i n  the  card iac  output  f o r  a g iven oxygen uptake i n  two 

pa t i en ts .  As mentioned e a r l  i e r ,  Varnauskas -- e t  a1 . (1966) found a s i g n i f i c a n t  

decrease i n  card iac  output  du r ing  exerc ise ,  a f t e r  t r a i n i n g ,  i n  s i x  p a t i e n t s  

w i t h  coronary a r t e r y  disease. Clausen e t  a l .  (1969) a l s o  observed a -- 
s i g n i f i c a n t  reduc t ion  i n  exerc ise  hear t  ra tes  and b r a c h i a l  a r t e r y  mean b lood 

pressure. The s t roke  volume increased and the  myocardial  work, assessed by 

the tens ion- t ime index, decreased du r ing  exerc ise  a t  a g iven work load. I t  

was suggested t h a t  a t  submaximal work loads a reduct ion  o f  the  blood f low t o  

the working muscles occurs a f t e r  t r a i n i n g .  Exercise v e n t i l a t i o n  was a l s o  

s i g n i f i c a n t l y  lower w i t h  oxygen uptake remaining unchanged. Exercise l a c t a t e  

values were s i g n i f i c a n t l y  lower a f t e r  t r a i n i n g .  I n  t he  r e s t i n g  s t a t e  t h e  
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reduct ion  i n  the  a r t e r i a l  blood pressure was the  o n l y  s i g n i f i c a n t  change. 

Tobis and Zohman (1970) have r e c e n t l y  repor ted  a f o l  low-up study o f  

card iac  p a t i e n t s  on a  r e h a b i l i t a t i o r  se rv i ce  t h a t  had been i n  p r a c t i c e  f o r  

f ou r  years. I n  t h i s  per iod ,  57 p a t i e n t s  were t rea ted ,  42 men and 15 women. 

Forty-seven o f  the  group su f fe red  acute myocardial  i n f a r c t i o n  and the  o the rs  

had card iac  surgery (3) , pacemaker imp lan ta t i on  (4) and coronary i n s u f f i c i e n c y  

(3) .  O f  the  t o t a l  group, e i g h t  p a t i e n t s  (14 per  cent )  have d ied  s ince  the 

beg inn ing ,o f  the  program. Only one (1.8 per  cent )  d ied  on the  s e r v i c e  and 

the  o thers  (12.3 per  cent )  d ied  w i t h i n g  1.5 years o f  i n f a r c t .  This  t o t a l  

number o f  deaths represented on l y  two a d d i t i o n a l  deaths s ince  the  f i r s t  s i x  

which occurred du r ing  the  i n i t i a l  18 months o f  t he  p r o j e c t .  During the  same 

pe r iod  i n  t he  same h o s p i t a l ,  approximately 23 per  cent o f  t h e  p a t i e n t s  who 

were admit ted w i t h  myocardial  i n f a r c t i o n  d ied  i n  t h e  h o s p i t a l .  

O f  t he  49 su rv i vo rs ,  31 re turned t o  t h e i r  prev ious work o r  were r e t r a i n e d  

f o r  o the r  types o f  employment. Eighteen o f  t h e  49 d i d  no t  r e t u r n  t o  work 

but  10 of  these were a l ready  over the  re t i rement  age o f  65 years. Two o f  

t he  remai 

o b t a i n  p l  

I n  1 

an a d d i t i  

p a t i e n t s  

n ing  who were med ica l l y  capable o f  re-employment, however, cou ld  n o t  

acemen t . 
967, t he  same authors repor ted  on the  phys io log i ca l  improvement o f  

onal 18 p a t i e n t s  w i t h  angina p e c t o r i s    ohma an and Tobis,  1967). The 

had t r a i n e d  over  a  s i x  week pe r iod  a t  exerc ise  l e v e l s  j u s t  below 

t h a t  which c o n s i s t e n t l y  produced angina. The exe rc i se  r e s u l t e d  i n  a  decrease 

i n  the frequency o f  angina, a  lessened need f o r  n i t r o g l y c e r i n  and increased 

work capac i ty .  There was a l s o  an increased a b i l i t y  t o  exerc ise  t o  h ighe r  

l e v e l s  o f  performance i n  s i x  t o  e ighteen p a t i e n t s  and e lec t roca rd iog raph ic  

changes i nd i ca ted  improvement i n  e i g h t .  When ECG improvement occurred t h e r e  

was a l s o  a  tendancy f o r  oxygen debt t o  increase and l ac ta te /py ruva te  r a t i o s  
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t o  increase. No change was seen i n  the  pulmonary func t i on  t e s t s ,  v i t a l  

capac i ty  and e x p i r a t o r y  f low measurements, as a  r e s u l t  o f  t r a i n i n g .  There 

was a l s o  l i t t l e  change i n  a r t e r i a l  b lood gases o r  carbon monoxide d i f f u s i n g  

capac i ty  o f  the lung. V e n t i l a t o r y  equ iva len t  (1  i t e r s  of  ven t i  l a t i o n  per 

100 cc o f  oxygen consumed) was unchanged. 

Got theiner  (1968) repor ted  on a  unique ca rd iac  rehabi 1 i t a t  i o n  program 

t h a t  had been opera t iona l  i n  Tel  Aviv,  I s r a e l  s ince  1955. Th is  program 

u t i l i z e d  strenuous outdoor spo r t s  a c t i v i t i e s .  A f t e r  an i n i t i a l  t o le rance  

t e s t  t he  p a t i e n t s  p a r t i c i p a t e d  i n  spor ts  t h a t  were cha rac te r i zed  by 

r h y t h m i c i t y  and endurance i n  locomotion over  increas ing  d is tances and 

increas ing  speed, such as b r i s k  walk ing,  running, c y c l i n g ,  swimming and 

rowing. O f  1103 p a t i e n t s  w i t h  ischemic hea r t  disease, (548 had susta ined 

myocardial  i n f a r c t i o n  and 555 had coronary i n s u f f i c i e n c y )  observed over 

f i v e  years, o n l y  49 d ied .  Nine o f  these deaths occurred f rom non-cardiac 

causes. The m o r t a l i t y  r a t e  over  f i v e  years was t h e r e f o r e  o n l y  3.6 per  cent  

compared t o  12 per  cent i n  a  comparable se r ies  o f  p h y s i c a l l y  i n a c t i v e  pos t  

i n f a r c t i o n  p a t i e n t s  i n  I s r a e l .  

Changes i n  coronary a r t e r i e s  and c i r c u l a t i o n  

It i s  q u i t e  apparent from the  above d iscuss ion  t h a t  exerc ise  therapy can, 

t o  a  considerable degree, improve c a r d i o - r e s p i r a t o r y  f u n c t i o n  and work 

capac i ty .  The key t o  the  improvement might be, as many have suggested, the  

d i r e c t  in f luence of  the  exerc ise  s t ress  on the  s t r u c t u r e  o r  f u n c t i o n  o f  the  

coronary vessels o r  myocardium. 

Animal s tud ies  

Eckste in (1957) o r i g i n a l l y  repor ted t h a t  moderate and severe a r t e r i a l  

narrowing r e s u l t s  i n  ex tens ive  c o l l a t e r a l  development p ropo r t i ona l  t o  the 



degree o f  narrowing and exe rc i se  leads t o  

r e s u l t s  a l s o  showed t h a t  w h i l e  m i l d  a r t e r  

c o l l a t e r a l  a r t e r i a l i z a t i o n  by i t ~ e l f ,  the 

even g rea te r  anastomoses. 

i a l  narrowing f a i l s  t o  i n i t  

a d d i t i o n  o f  exe rc i se  promo 
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The 

i a t e  

tes  an 

e f f e c t i v e  c o l l a t e r a l  c i r c u l a t i o n .  Using these r e s u l t s ,  t he  au tho r  suggested 

t h a t  " the j u d i c i o u s  use o f  e a r l y  and cont inued phys i ca l  exerc ise  may reduce 

the c l i n i c a l  man i fes ta t ions  o f  coronary disease" by the  increased growth o f  

coronary a r t e r i e s  and improved nourishment o f  a segment o f  myocardi urn. 

Thorner (1935) had repor ted e a r l  i e r  t h a t  new capi  1 l a r i e s  were formed 

i n  the  hea r t s  o f  two dogs t h a t  exerc ised d a i l y  over  several  months. This  

e a r l y  f i n d i n g  has now been subs tan t i a ted  i n  guinea p i g s  by Petren and Sylven 

(1937) and i n  r a t s  by T i t t e l  -- e t  a l .  (1966) and Leon and Bloor  (1968). 

Tomanek (1970) has shown t h a t  exerc ise  increased the  myocardial  c a p i l l a r y  

bed i n  young, a d u l t  and o l d  r a t s .  The l a t t e r  author  has a l s o  shown t h a t  

w h i l e  aging i s  associated w i t h  a decrease i n  t he  number o f  v e n t r i c u l a r  

c a p i l l a r i e s ,  chron ic  exerc ise  prov ides some mechanism which enhances the  

ex ten t  o f  the c a p i l l a r y  bed. Tepperman and Pearlman (1961), Stevenson 

e t  a1 . (1964) and Leon and Bloor (1968) have a l s o  demonstrated t h a t  exerc ise  -- 
i s  e f f e c t i v e  i n  increas ing  the  s i z e  o f  the coronary t ree .  The evidence t h a t  

exerc ise  induces c o l l a t e r a l  c a p i l l a r y  p r o l i f e r a t i o n  i s  encouraging f o r  the 

post-myocardial  i n f a r c t i o n  p a t i e n t .  

Human s tud ies  

Kat t us  (1 968) presented ev i dence t h a t  myoca r d  i a 

be achieved i n  card iac  p a t i e n t s  by means o f  an exerc 

1 revascular  i z a t  ion  may 

i se t r a i n  i ng program. 

Coronary angiograms were performed before  and a f t e r  a year o f  exerc ise  

management on th ree  card iac  p a t i e n t s .  These were o n l y  t h ree  o f  n ineteen 

p a t i e n t s  who Kat tus had documented improved exerc ise  to lerance.  I n  a l l  

cases repor ted,  i t  appears t h a t  the  angiogram taken a f t e r  the exe rc i se  
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program d isc losed t h a t  the  l o c a l  s t e n o t i c  area had remained the same. However, 

a  d i s t i n c t  improvement i n  c o l l a t e r a l  c i r c u l a t i o n  was c l e a r l y  ev iden t .  I n  one 

case, widening of  l o c a l  s t e n o t i c  a r t e r i o s c h l e r o t i c  les ions  i n  the coronary 

a r t e r i e s  was observed and the  post s t e n o t i c  d i l a t i o n  was l ess  s t r i k i n g .  I n  

another,  improved card iac  func t i on  brought about by the exe rc i se  program had 

been associated w i t h  improved c o l l a t e r a l  c i r c u l a t i o n  c i rcumvent ing an 

o b s t r u c t i o n  i n  the  r i g h t  coronary a r t e r y .  Fox and Haskel l  (1967) repor ted  

t h a t  s i m i l a r  r e s u l t s  have been found by Hornsten. 

Changes i n  Serum L i p i d s  

A h igh  serum l i p i d  l e v e l  i n  the blood stream i s  associated w i t h  a  h i g h  

r i s k  of coronary hea r t  disease (NHI , 1969). I t  i s  general l y  assumed t h a t  

fac tors  capable o f  lower ing serum l i p i d  l e v e l s  w i l l  have an i n h i b i t i n g  

e f f e c t  on atherogenesis and there fore  be b e n e f i c i a l .  Since exe rc i se  has 

been shown t o  improve the  f u n c t i o n i n g  o f  the  ca rd iac  p a t i e n t ,  i n v e s t i g a t i o n s  

o f  the  e f f e c t s  of  exerc ise  programs on serum l i p i d s  have been undertaken. 

However, c o n f l i c t i n g  evidence appears i n  the l i t e r a t u r e  on the e f f e c t  o f  

exerc ise  on the  reduct ion  o f  serum l i p i d s .  

Mal inov, Per ley and McLaughlin (1968a, 1968b, 1969, 1970) have shown 

t h a t  i n  a d u l t  male and female r a t s  and i n  a d u l t  female s q u i r r e l  monkeys the 

o x i d a t i o n  o f  cho les te ro l  increases w i t h  muscular con t rac t i on .  Ox ida t ion  o f  

the s ide  cha in  o f  cho les te ro l  occurs i n  the syn thes is  of b i l e  ac ids  which 

a re  formed i n  the  process of cho les te ro l  e l i m i n a t i o n  from the  body. The i r  

f i n d i n g s  suggest t h a t  the l i v e r  and adrenals a r e  main ly  respons ib le  fo r  

s p l i t t i n g  the s ide  chain of  cho les te ro l  du r ing  r e s t  and du r ing  muscular 

con t rac t i on .  

Naughton and Blake (1964) repor ted i n  f i v e  post-myocardial  i n f a r c t i o n  
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pa t i en ts  tha t  t r a i n i n g  o f  th ree  t o  f i v e  months l e d  t o  lower serum cho les te ro l  

concentrat ions a t  r e s t .  Naughton and McCoy (1966) ob ta ined s imi  l a r  reduct  ions 

i n  serum cho les te ro l .  Fox and Haskel l  (1967) c r i t i c i z e d  these and o t h e r  

s tud ies  ( ~ o l d i  ng, 1961 ; Romanova and Babari n, 1961) where exerc ise  appeared 

t o  have a  b e n e f i c i a l  i n f l uence  on serum cho les te ro l  because the re  was l i t t l e  

o r  no in fo rmat ion  on d i e t  and some sub jec ts  had s i g n i f i c a n t  reduc t i on  i n  

weight.  I n  w e l l - c o n t r o l l e d  s tud ies ,  such as those conducted by Goode, 

F i  rs tb rook  and Shephard (1966), Varnauskas e t  a1 . (1966), Skinner e t  a1 . -- -- 
(1967) and Po l l ock  -- e t  a l .  (1969), where increased phys ica l  a c t i v i t y  was not  

accompanied by a  decrease i n  body weight ,  t he re  was no reduc t i on  i n  

cho les tero l  l eve l s .  Skinner -- e t  a l .  (1967) observed t h a t  when body weight  

decreased marked1 y  there  was a  reduct i on  i n  serum cho les te ro l  concent r a t  ion. 

I n  general,  changes i n  serum cho les te ro l  l e v e l  were u s u a l l y  associated w i t h  

changes i n  d i e t  and/or body weight .  

I n  con t ras t  t o  the  c o n f l i c t i n g  evidence about serum c h o l e s t e r o l ,  i t  

has been demonstrated i n  numerous s tud ies  t h a t  exerc ise  can reduce the  

increased serum t r i g l y c e r i d e  l e v e l  o f  card iac  p a t i e n t s  and p a t i e n t s  s u f f e r i n g  

from hyper l ipemia  offma man -- e t  a l . ,  1967; Skinner -- e t  a l . ,  1967; Po l l ock  -- e t  a l . ,  

1969). The decrease i n  the f a s t i n g  serum t r i g l y c e r i d e s  observed i n  t he  

exerc ise  study o f  Skinner e t  a1 . (1967) was an acute shor t - te rm e f f e c t  t h a t  
-7 

pers i s ted  f o r  a t  l e a s t  44 hours. This  e f f e c t  a l s o  appeared t o  be cumulat ive 

when a regu lar  endurance exerc ise  program was performed. 

Exercise Tes t ing  and Eva lua t ion  

Shephard (1 968a) discussed the essent i a  1 parameters t o  be measured i n  

exerc ise  t e s t s  and which now appear t o  be u n i v e r s a l l y  accepted. He 

ind ica tes  some add i t i ons  and mod i f i ca t i ons ,  and the  methodology t o  be 

employed f o r  exerc ise  t e s t i n g  o f  card iac  p a t i e n t s .  These inc lude oxygen 



electrocard iogram. The main fea tures  o f  i n t e r e s t  i n  t he  

i s  depression of the  ST segment which i s  s tandardized i n  

considered de f l ec t i ons  g rea te r  than 0.1 mv t o  be o f  c l i n  

and he s ta ted  t h a t  t he  t e s t  should be stopped if depress 

(0.2mv) . 

Submaxi ma l t e s t  i ng i s  recommended ( ~ a  rnauskas , 1967) 
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consumption, card iac  ou tpu t ,  blood pressure, hea r t  r a t e  and t h e  exe rc i se  

exerc ise  ECG 

mv. Shephard 

i c a l  s i g n i f i c a n c e  

i on  exceeds 2mm 

by most, .however, 

E l  l e s t a d  -- e t  a1 . (1969) and Bruce and Hornsten (1969) r o u t i n e l y  use maximal 

s t ress  t e s t s  f o r  eva lua t i ng  card iac  p a t i e n t s .  The choice o f  the  b i c y c l e  

ergometer, t r e a d m i l l  o r  s tep  t e s t  i s  s t i l l  c o n t r o v e r s i a l .  However, f o r  

safety, .ease o f  o b t a i n i n g  t e s t  data and r e p r o d u c i b i l i t y ,  w i t h  card iac  

p a t i e n t s ,  the  ergometer i s  o f t e n  used (WHO r e p o r t ,  1968; Bekes, 1968). 

I n  respect t o  t he  app rop r ia te  type o f  t e s t i n g  the  use o f  t he  PWC 
170 

t e s t  by Denol in,  Messin and Degre (1967) f o r  ca rd iac  p a t i e n t s  has a l ready  

been discussed. They found t h a t  the  PWC was simple, safe and reproduc ib le  
170 

and had a  sound phys io log i ca l  bas is .  Wyndham (1967) c r i t i c i z e d  t h i s  t e s t  

because i t  o f t e n  underestimated work capac i t y  and he a l s o  f e l t  a  b i c y c l e  

ergometer t e s t  can be mis leading i n  a  popu la t i on  no t  accustomed t o  c y c l i n g .  

H e l l e r s t e i n  uses the  PWC150 w h i l e  o thers  employ var ious  "physical  f i t n e s s  

indexes1' ( ~ o t t h e i m e r ,  1968; Bruce -- e t  a l . ,  1959; Rechni tzer  -- e t  a l . ,  1965, 

1967b). Wyndham (1967) reviews the  cu r ren t  methods o f  eva lua t i ng  work 

capac i ty  used i n  card iac  r e h a b i l i t a t i o n  s tud ies  and i n  summary, he s ta tes  

a  c l e a r  need f o r  the  s tandard i za t i on  i n  the eva lua t i on  o f  ca rd iac  p a t i e n t s  

i n  o rder  t o  reach a  phys io log i ca l  c r i t e r i o n  t h a t  the  p a t i e n t  has reached the  

l i m i t  o f  phys ica l  e f f o r t  f o r  endurance work. He suggested t h a t ,  i n i t i a l l y ,  

hea r t  ra tes ,  pulmonary v e n t i l a t i o n  and b lood concent ra t ion  o f  l a c t i c  and 

py ruv i c  ac ids  should be p l o t t e d  aga ins t  oxygen consumptions f o r  submaximal 



28 

t e s t s  and from these graphs the f o l l o w i n g  be determined: 

(a) the maximal oxygen uptake (the oxygen consumption eqv i va len t  t o  
the maximal hea r t  r a t e  o f  190 on a  s t r a i g h t  1 i ne  f i t t e d  t o  H R / V O ~ )  

(b) the  l e v e l  o f  oxygen uptake a t  which anaerobic metabolism occurs 
(where l a c t i c  and py ruv i c  a c i d  i n  blood increase, usual l y  hea r t  r a t e  120) 

(c) the l e v e l  o f  oxygen uptake a t  which pulmonary v e n t i  l a t  ion  increases 
s i g n i f i c a n t l y  ( i n  some cases the c r i t e r i o n  f o r  judg ing  the maximum capac i ty  
should be based upon vent i l a t  i on  and no t  hea r t  r a t e  reac t  i on ) .  

On the bas is  o f  these values t r a i n i n g  schedules can be cons t ruc ted  so t h a t  

the p a t i e n t  works a t  approximately f o r t y  t o  f i f t y  per  cent  o f  maximal oxygen 

uptake. 

Cardiovascular Measures 

I n  the  f i e l d  o f  exerc ise  physio logy,  the  measurement o f  oxygen uptake 

ou tpu t ,  by the  open c i r c u i t  technique i s  un i ve rsa l .  Th and carbon d i o x i d e  

i s  no t  the  case f o  

(1 966) have shown 

coronary p a t i e n t s .  

i n  man du r ing  r e s t  

r the eva lua t  

i t  t o  be a  va 

Many inves t  

and exerc ise  

ion  o f  card iac  ou tput  a l though Varnauskas -- e t  a l .  

l uab le  parameter f o r  assessing improvement o f  

i g a t o r s  have found s tud ies  o f  card iac  output  

a re  hampered by the d i f f i c u l t y  invo lved i n  

the measurement procedures. Magel and Anderson (1 968) summar i zed the problem: 

"the d y e - d i l u t i o n  technique and the  d i r e c t  F i c k  procedure r e q u i r e  i n t r a -  

vascular  c a t h e t e r i z a t i o n  and blood sampling which l i m i t  t h e i r  use t o  h o s p i t a l  

labora tor ies" .  I n  long term card iac  r e h a b i l i t a t i o n  s tud ies ,  a l though the 

measurement o f  card iac  output  i s  des i rab le ,  even i n  a  h o s p i t a l  repeated 

c a t h e t e r i z a t i o n  and blood sampling i s  no t  a  favourable p ropos i t i on .  

I n d i r e c t  techniques o f  determin ing card iac  ou tpu t ,  us ing  carbon d i o x i d e  

values i n  the F i c k  equat ion,  were developed and used e a r l y  i n  t h i s  century 

( ~ o c k  - e t  * a1 p 1928; Chr is t iansen -- e t  a l . ,  1914; Loewy and von Sch ro t te r ,  1903). 

A l l  i n d i r e c t  methods were l a t e r  replaced by the d i r e c t  F i ck  and d y e - d i l u t i o n  

methods which had o n l y  l i m i t e d  use due t o  reasons i nd i ca ted  above. The 



advent of instantaneous gas analyzers has renewed the  i n t e r e s t  

of ,  the i n d i r e c t  carbon d i o x i d e  rebreath ing  method f o r  es t imat  

ou tpu t .  

2  9  

i n ,  and use 

i n g  card iac  

The b loodless techniques used t o  measure ca rd iac  ou tput  a re  i n  general 

less  accurate bu t  have much g rea te r  a p p l i c a b i l i t y .  The s imp les t  of  these 

procedures i s  the  carbon d i o x i d e  method in t roduced by Defares (1956, 1958), 

mod i f ied  by Jernerus, Lundin and Thomson (1963). Th i s  method u t  i 1 i zed  the  

F i ck  procedure, es t ima t ing  mixed venous PC02 from the  exponent ia l  increase 

o f  carbon d i o x i d e  i n  a  lung-bag system du r ing  rebreath ing.  Measured values 

f o r  carbon d iox ide  output  and PaC02 a r e  s u b s t i t u t e d  i n t o  the  F i c k  equat ion. 

Cardiac output  f o r  the  carbon d iox ide  method i s  thus c a l c u l a t e d  f rom 

where Q = card iac  ou tput  i n  1 i t r e s  per  minute 

k 0 2  = carbon d i o x i d e  ou tput  i n  1 i t r e s  per  minute 

CG = m l  o f  carbon d i o x i d e  per  l i t r e  mixed venous b lood 
C02 

Ca = m l  o f  carbon d i o x i d e  per  l i t r e a r t e r i a l  blood. 
C02 

Th is  method has r e c e n t l y  been employed i n  a  number o f  experimental  s tud ies  

 laus us en, 1965 ; Jones, 1967; Jones -- e t  a  1 . , 1967, 1969 ; Lund i n and Thomson, 

1965) dur ing  r e s t  and exe rc i se  and has been repor ted  t o  be bo th  reproduc ib le  

and va l  i d  ( ~ e r ~ u s o n  -- e t  a1 . , 1968; Klausen, 1965; Mui sam -- e t  a1 . , 1968). 

Clausen, Larsen and Trap-Jensen (1970) r e p o r t  t h i s  method t o  be reproduc ib le  

and r e l i a b l e  du r ing  exerc ise  w i t h  card iac  p a t i e n t s  i n  the  absence o f  pulmonary 

disease. Fau l t y  est imates were found i n  some cases and these were a t t r i b u t e d  

t o  o l d e r  age and/or pulmonary d isorders .  Magel and Anderson (1968) found t h i s  

method t o  be bo th  accurate and reproduc ib le  i n  steady s t a t e  exerc ise  

s i t u a t i o n s .  

The der ived parameter, myocardial oxygen consumption, i s  r e l a t e d ,  as 
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Kasch and Boyer (1969) suggested, t o  t h e  t ens ion - t ime  index  (TTI). The TTI 

i s  t he  p roduc t  o f  t he  h e a r t  r a t e  and s y s t o l  i c  b l ood  p ressure   ern^ and 

E l  l es tad ,  1967 and Sarnof f  -- e t  a1 . , 1958). Kasch and Boyer (1969) gave da ta  

which, as d iscussed e a r l i e r ,  showed a mean decrease i n  t h i s  index of 

myocard ia l  oxygen u t i l i z a t i o n  per  u n i t  o f  work performed and suggested t h a t  

t h i s  may be a s i g n  t h a t  t h e  myocardium has become more e f f  

conf i rmed t he  r e s u l t s  o f  He1 l e r s t e i n  (1968), F r i c k  and Kat 

Clausen and Trap-Jensen (1970) f o l  l ow ing  e x e r c i s e  therapy  

d i  sease. 

i c i e n t .  T h i s  

i l a  (1968) and 

i n  c a r d i a c  



CHAPTER I l l  

METHODS 

Subjects 

Fourteen a d u l t  males averaging 47 years o f  age (range 30-45 years) and 

who were an average o f  f i v e  months (range th ree  t o  seven months) pos t -  

myocardial i n f a r c t  comprised the  sub jec ts  o f  t h i s  study. Table 1 g ives  

f u r t h e r  d e t a i l s  on each i n d i v i d u a l .  They had been matched as c l o s e l y  as 

poss ib le  on t h e i r  c l i n i c a l  h i s t o r y ,  age, he igh t ,  weight and response t o  an 

t e s t  w i t h  twe lve  lead ECG, g i ven  by 

cent  r e t e n t i o n  o f  a l l  sub jec ts  i n  t he  

i n i t i a l  t r e a d m i l l  exerc ise  to le rance  

the  c a r d i o l o g i s t .  There was 100 per 

program. 

T ra in ing  Methods 

Three t r a i n i n g  methods were emp 

performed on the von Dabel i n  (AB Cyc 

ergometer and the  t h i r d  cons is ted  o f  

i n  t r a i n i n g  on the  b i c y c l e  ergometer 

loyed i n  t h i s  study, two o f  which were 

l e f a b r i k e n ,  Monark,  wede en) b i c y c l e  

running and c a l i s t h e n i c s .  Va r ia t i ons  

were : 

(a) Continuous e f f o r t  i n  b i c y c l  i ng  which was performed a t  a  moderate 

res is tance o f  50 per  cent o f  maximum work (as determined by the P W C  
190) 

Th is  t r a i n i n g  was f o r  t h i r t y  minutes a t  each session f i v e  days per  week. 

The ECG was monitored cont inuous ly  each t r a i n i n g  session f o r  each sub jec t .  

A l l  t r a i n i n g  s t a r t e d  w i t h  a  f i v e  minute warm-up and terminated a f t e r  a  f i v e  

minute recovery pe r iod  o f  unloaded slow c y c l i n g .  

(b) C y c l i c  e f f o r t  i n  b i c y c l i n g  which cons is ted  o f  a l t e r n a t e  h i g h  e f f o r t  

and low e f f o r t  in te rspersed w i t h  r e s t  pauses. High e f f o r t  was 60 per  cent  

of  t he  maximum work capac i ty  (determined by the  P W C  ) Low e f f o r t  was 40 
190 
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per  cent o f  the  PWC 
190' 

Each exerc ise  pe r iod  was f o u r  minutes i n  length  

w h i l e  each r e s t  i n t e r v a l  was two minutes and cons is ted o f  unloaded peda l l i ng .  

Three h igh  e f f o r t - l c w  e f f o r t  se r ies  were completed each session. T ra in ing  

always began w i  t h  f i v e  minutes o f  unloaded c y c l  i n g  and ended s imi  l a r l y .  

The E C G  was monitored cont inuously and the t o t a l  t ime o f  each exerc ise  

session was f o r t y - f i v e  minutes. 

(c) The ca l  i s  theni  cs- joggi  ng program was conducted three days per  week. 

The program cons is ts  o f  t h i r t y - f i v e  minutes o f  gradual warm-up s t r e t c h i n g  

and f l e x i b i l i t y  exerc ises fo l l cwed  by twenty minutes of a run-walk se r ies .  

The i n t e n s i t y  o f  e x e r c i s i n g  and jogg ing was c o n t r o l l e d  by h e a r t  r a t e  

moni tor ing.  Duncan, Ross and Ban is ter  (1968) descr ibe the program. 

Contro l  l e d  b r i s k  wa lk ing  f o r  t h i r t y  minutes was done on the  two days 

( ~ u e s d a ~  and ~ h u r s d a y )  o f  the week between the exerc ise  classes. I n  a1 1 

groups attendance averaged 92 per  cent,  w i t h  an i n t e r - i n d i v i d u a l  range o f  

85 t o  100 per cent.  

T ra in inq  Groups and Experimental Design 

Four subjects p a r t i c i p a t e d  i n  the exerc ise-walk- jog program. F ive  

subjects t r a i n e d  i n i t i a l l y  on the continuous method and f i v e  i n i t i a l l y  on 

the c y c l i c  e f f o r t  program. Ergometry t r a i n i n g  was conducted i n  the 

physiotherapy departments o f  two hospi t a l s  o r  i n  the  u n i v e r s i  t y  labora tory .  

I t  was deemed n e i t h e r  f e a s i b l e  nor  mora l l y  j u s t i f i a b l e  t o  use a con t ro l  

unexerci sed group. 

The experiment ran twenty-s ix  weeks w i t h  an a l t e r n a t i n g  design. The 

f i r s t  two weeks were used t o  e s t a b l i s h  each s u b j e c t ' s  i n i t i a l  exerc ise  

to lerance.  Three i n i t i a l  t e s t s  were made and then the t r a i n i n g  programs 

were begun. A f t e r  ten weeks o f  t r a i n i n g  the continuous e f f o r t  group 
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switched t o  c y c l i c  t r a i n i n g  and the  c y c l i c  t o  cont inuous. A f u r t h e r  t en  

weeks o f  t r a i n i n g  was completed. The c a l i s t h e n i c - r u n  group cont inued f o r  

the f u l l  twenty weeks on t h e i r  program w i t h  no change. The f 

weeks o f  t r a i n i n g  was done by a l l  t h ree  groups us ing  the  most 

o f  the th ree  methods which was the  cont inuous e f f o r t  on the b  

i n a l  f o u r  

successful  

i c y c l e .  Group 

1 r e f e r s  t o  the  group t h a t  s t a r t e d  w i t h  c y c l i c  t r a i n i n g ,  Group 2 s t a r t e d  w i t h  

continuous t r a i n i n g  and Group 3 r e f e r s  t o  those i n  the  c a l i s t h e n i c s - j o g g i n g  

program. 

Exercise Tolerance Tests 

The exerc ise  to le rance o f  a l l  four teen men was i n i t i a l l y  es tab l i shed  

by th ree  submaximal ergometr ic  t e s t  sessions. From the  r e s u l t s  o f  the 

th ree  i n i t i a l  t e s t s  the  PWC was c a l c u l a t e d a s  the " t rue l 'max ima l  phys ica l  
190 

working capac i ty .  T r a i n i n g  work ra tes  were then based on t h i s  maximum, 

i n i t i a l l y  they were, i n  a l l  cases, a  l i t t l e  lower than s i x t y  per  cent o f  

the PWC determi ned. The method ou t  1 ined by Wyndham (1967) was f o l  lowed 
190 

i n  the  t e s t  procedures. Submaximal t e s t s  were run t o  the  l i m i t s  o f  t he  

p a t i e n t s '  s u b j e c t i v e  to le rance,  angina, a  hea r t  r a t e  l i m i t  o f  170 beats per  

minute o r  e lec t roca rd iog raph ic  changes (ST segment depression o f  2 mm and/or 

a r rhy thmias) .  The t e s t s  began w i t h  a  s i x  minute warm-up ( f i f t y  r e v o l u t i o n s  

per minute, no 6x701 lowed by th ree  p rog ress i ve l y  increas ing  work ra tes ,  

each o f  s i x  minutes i n  du ra t i on ,  w i t h  a  f i v e  minute pause between the  

th ree  loads. Usua l ly  the f i r s t  work r a t e  was 300 kpm/min, however, i n  some 

cases i t  was 150 kpm/min. As t r a i n i n g  progressed, t he  f i r s t  work r a t e  was 

increased so t h a t  a  hear t  r a t e  of  110 k 10 was achieved. The f o l l o w i n g  

two work ra tes  were ad jus ted  accord ing ly .  Continuous ECG mon i to r i ng  was 

performed and a  carbon d iox ide  rebreath ing  method used t o  est imate mixed 



venous carbon d i o x i d e  tens ion  (P- ) was adminis tered between the  warm-up v  co, 
and f i r s t  load. Blood pressure wasLdetermined i n  the  i n i t i a l  p e r i o d  a l so .  

Continuous record ings o f  oxygen and carbon d i o x i d e  were ob ta ined du r ing  a l l  

t h e w o r k i n t e r v a l s .  F ina lmeasuremen tso f  P- a n d b l o o d  p ressu rewere  
v  

made a t  the  h ighes t  submaximal work r a t e .  C02 

These exe rc i se  to le rance  t e s t s  were done, as descr ibed above, every two 

weeks and s e r i a l  data was c o l l e c t e d .  A l l  exerc ise  to le rance  t e s t s  were 

adminis tered i n  an envi  ronmental chamber w i t h  c o n t r o l  l e d  humid i ty  (below 

e i g h t y  per cent)  and temperature (15 t o  24O c ) .  The exact cond i t i ons  were 

set  t o  each s u b j e c t ' s  comfor t  and best performance. The use o f  environmental 

c o n t r o l  was found t o  be e s p e c i a l l y  good i n  the  ho t  summer weather. A D. C .  

d e f i b r i l l a t o r  and ca rd iac  r e s u s c i t a t i o n  equipment, i n c l u d i n g  oxygen and 

appropr ia te  drugs were immediately a v a i l a b l e  du r ing  a l l  t r a i n i n g  and 

t e s t i n g  per iods .  The u n i v e r s i t y  h o s p i t a l  s e r v i c e  were a l e r t e d  a t  a l l  

t e s t i n g  t imes. 

The b i c y c l e  ergometers used du r ing  t r a i n i n g  and t e s t i n g  were c a l i b r a t e d  

f requen t l y .  The r a t e  o f  p e d a l l i n g  was c o n t r o l l e d  by a  metronome a t  f i f t y  

rpm on a l l  occasions. 

Gas Admin i s t ra t i on  and Resp i ra tory  Gas Ana lys is  

The sub jec ts  breathed room a i r  through a  C o l l i n s  T r i p l e - J ,  low 

res is tance va lve .  Exhaled gas was passed through a  Parkinson-Cowan, h igh-  

p rec i s ion ,  low-res is tance gas meter from which f l o w  ra tes  were recorded. 

From the gas meter the  exhaled gas was passed i n t o  a  Wedge spirometer which 

recorded both f l o w  (1 i t e r s )  and f l o w  ra tes  (1 i t e r s  per  second) b rea th  by 

breath.  

A small bore connect ion on the  C o l l i n s  T r i p l e - J  va lve  pe rm i t t ed  
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i nsp i red  and exp i red  a i r  t o  be cont inuous ly  drawn f o r  b rea th  by b rea th  

anal ys i s f o r  carbon d i o x i  de concent r a t  ion  ( ~ o d a r t  capnograph) and oxygen 

concentrat  ion  (west i nghouse ~ n a l  y z e r ) .  Both r a p i d  response analyzers were 

connected t o  separate P h i l l i p s  F latbed Recorders on which a f u l l  sca le  

d e f l e c t i o n  corresponded t o  a ten  per  cent change. C a l i b r a t i o n  of  each 

instrument was performed before and a f t e r  each t e s t  w i t h  a se r ies  o f  

d i f f e r e n t  tank gases. Zero p o i n t s  were determined by 100 per  cent  n i t rogen .  

C a l i b r a t i o n  gases were analyzed f requen t l y  by the micro-Scholander technique. 

Problems o f  Breath by Breath Gas Analys is  

Technical d i f f i cu 1 t i es arose when oxygen uptake ( i o 2 )  and carbon d i o x i  de 

ou tput  ( ~ C O  ) measurements were attempted us ing  the  r a p i d  response analyzers.  
2 

I n  the  convent ional  method the  exp i red  gas e i t h e r  passes through a m ix ing  

over  a minute 

by b rea th  

1 b e r t  and 

chamber o r  i n t o  a Douglas bag and the  

o r  several  minutes. The exp i red  gas 

ana lys i s  o f  i o 2  and ~ C O ~  i s  a d i f f i c u  

exp i red  gas i s  c o l l e c t e d  

i s  then analyzed. Breath 

It task.  Auchincloss, G i  

Baule (1968) described the  problems they encountered i n  t h e i r  a t tempt.  I n  

t h i s  present  study, as described above, the l i n e  l eav ing  the  mouthpiece was 

pos i t i oned  so t h a t  both i n s p i r e d  and exp i red  gas concent ra t ions  cou ld  be 

obta ined.  I n  o rder  t o  compute $02 cont inuous ly  exp i  red v e n t i  l a t  i on  (i ) E 

would have t o  be measured each breath,  however, us ing  the  present  equipment 

t h i s  was a very  d i f f i c u l t  t ask  because the  Wedge Spirometer had a l i m i t e d  

capac i ty  and the bel lows would have t o  be recyc led  every few breaths.  I f  

a v e n t u r i  meter such as Wigertz (1969) descr ibed was placed i n  the  expi red 

l i n e  t h i s  d i f f i c u l t y  might be overcome, however, t h i s  was not  the case. As 

a r e s u l t ,  exp i red  v e n t i l a t i o n  was measured each minute on the  Parkinson 

Cowan V e n t i l a t i o n  meter and t i d a l  volumes were measured throughout t h e  



experiment us ing  the  Wedge Spi rometer. 

The response t imes and frequency response o f  t he  two anqlyzers was 

adequate f o r  a  b rea th  by breath  ana lys i s  a t  submaximal work ra tes .  The 

main problem was t o  determine the  mean e x p i r a t o r y  gas concent ra t ion  which 

occurs somewhere between the i n s p i r e d  and exp i red  o r  e n d - t i d a l  p o i n t .  I n  a  

normal r e s p i r a t o r y  c y c l e  the  mean a l v e o l a r  a i r  can be obta ined by sampling 

the  normal e x p i r a t i o n  volume about h a l f  way through the e x p i r a t o r y  c y c l e  

( ~ u ~ o i s ,  1952). Th i s  method i s  adequate du r ing  complete r e s t  however d u r i n g  

exerc ise  when the  t i d a l  volume becomes l a r g e  and the  lungs a re  r a p i d l y  

c leared w i t h  h igh  f low r a t e s  (8-12 l /sec)  t h i s  sampling method i s  no t  

accurate and the  mean a l v e o l a r  a i r  p o i n t  would occur c l o s e r  t o  the  end- 

t i d a l  e x p i r a t o r y  p o i n t  than h a l f  way through the  cyc le .  To overcome t h i s  

d i f f i c u l t y ,  exp i red  gas samples were c o l l e c t e d  from a  m ix ing  chamber p laced 

i n  l i n e  prox imal  t o  the  Parkinson-Cowan meter. These samples were c o l l e c t e d  

i n  the  middle t h i r t y  seconds o f  each minute i n  f i f t y  cc o i l e d  g lass  syr inges  

and were analyzed. The ampl i tude o f  t he  s igna l  was then used as the  p o i n t  

o f  mean mixed-expired gas f o r  the  breath  by b rea th  ana lys i s  which was then 

averaged f o r  each minute. Cor rec t ions  i n  v e n t i l a t i o n  were made f o r  the 

amount drawn by the  analyzers ( t o t a l  two l i t e r s / m i n ) .  Oxygen consumption 

(io2) and carbon d i o x i d e  consumption (GCO ) were der ived by a  computer 2  

program from the  ana lys i s  o f  i n s p i r e d  and exp i red  gas and o f  minute 

v e n t i l a t i o n .  

Cardiac Output 

Cardiac output  was determined 

d iox ide  rebreath ing  method t o  obta 

(pp 
) as in t roduced by Defares ( 

C02 

a t  r e s t  and a f t e r  e'xerc 

i n  mixed venous carbon d  

1958, 1961) and modi f ied 

i s e  by a  carbon 

i o x i d e  tens ion  

by Jernerus, 
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Lund i n  and Thomson (1 963).  T h i s  method has been shown t o  be accura te  

e s p e c i a l l y  d u r i n g  steady s t a t e  e x e r c i s e  such as i n  t h e  submaximal t e s t s  

used i n  t h i s  s tudy  ( ~ a g e l  and Anderson, 1968). The procedure r e q u i r e s  

b r e a t h  by b r e a t h  a n a l y s i s  o f  t h e  carbon d i o x i d e  con ten t  o f  a  f i v e  l i t e r  

rubber bag from which t h e  s u b j e c t  rebrea thes .  The bag i s  i n i t i a l l y  f i l l e d  

w i t h  approx imate ly  t e n  per  cen t  carbon d i o x i d e  (balance oxygen) t o  a  volume 

l e s s  than  t w i c e  t h e  s u b j e c t ' s  t i d a l  volume. Gas a n a l y s i s  w i l l  be performed 

on a  r a p i d  response carbon d i o x i d e  ana l yze r  ( ~ o d a r t  Capnograph; response t ime 

0.08 seconds). When t h e  carbon d i o x i d e  con ten t  o f  t h e  bag i s  analyzed b r e a t h  

by b rea th ,  a  p l a t e a u  rep resen t i ng  t h e  e q u i l i b r i u m  l e v e l  (between t h e  carbon 

d i o x i d e  p a r t i a l  p ressure  i n  t h e  bag and t h e  carbon d i o x i d e  t e n s i o n  o f  

pulmonary mixed venous b lood)  wi  11 be reached a f t e r  a  few brea ths .  A t  r e s t ,  

t h e  p l a t e a u  i s  e a s i l y  reached however i t  i s  more d i f f i c u l t  t o  assess d u r i n g  

e x e r c i s e  and t h e r e f o r e  t h e  g r a p h i c a l  b r e a t h  by b r e a t h  method used by Magel 

and Anderson (1968) was employed. 

The Pa was ob ta ined  i n  two ways. F i r s t ,  i t  was measured a t  r e s t  and 
C02 

d u r i n g  e x e r c i s e  from t h e  a l v e o l a r  Pa measured f r om e n d - t i d a l  gas by t h e  con 
L 

end-normal exp i r a t  i o n  method o f  Comroe (1950). Magel and Anderson (1968) 

found t h a t  a l v e o l a r  P , as measured by t he  end-normal e x p i r a t o r y  methods 
C02 

was lower ( t h r e e  mm ~ g )  than  P o f  a r t e r i a l  b lood  and t h e r e f o r e  a l l  
C02 

recorded e n d - t i d a l  PCO va lues  were c o r r e c t e d  by adding t h r e e  mm Hg t o  each. 
2  

These c o r r e c t e d  va lues  compared w e l l  w i t h  o t h e r  r epo r ted  va lues  f o r  P 
C02 

o f  a r t e r i a l  b lood.  Lambertsen and Benjamin (1959) suggested t h a t  t h e  

lower va lue  o f  a l v e o l a r  P w i t h  t h e  end-normal e x p i r a t o r y  method r e s u l t s  
C02 

f rom con tamina t ion  w i t h  a i r  f rom t h e  r e s p i r a t o r y  dead space. The PaCO 
2  

was a l s o  ob ta i ned  f rom t h e  Siggaard-Andersen Nomogram employing t h e  As t rup  

method. 
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During bo th  r e s t  and exe rc i se  a r t e r i a l i z e d  b lood was drawn from the  

ear lobe which had been warmed w i t h  a  h o t  compress. Blood sqmples were 

c o l l e c t e d  i n  hepar in ized f i f t y  t o  seventy - f i ve  p1 c a p i l l a r i e s  w h i l e  t he  

rebreath ing  was t a k i n g  p lace.  The pH was measured immediately by the  

Astrup method ( ~ a d i o m e t e r ,  Copenhagen, Model AME I ) .  By measuring the  pH 

on two a d d i t i o n a l  c a p i l l a r y  samples tgken a t  t he  same t ime as the  post  

exerc ise  samples and equi 1 i bra ted  a t  known P ( twenty-e ight  and f i f  t y - f  i v e  
C02 

mm Hg respec t i ve l y )  Pa standard b icarbonate (SB) and base excess (BE) 
C02 

were ca l cu la ted  according t o  Siggaard-Andersen (1964). The apparatus was 

c a l i b r a t e d  w i t h  p r e c i s i o n  bu f fe r  a t  two p o i n t s  i n  t he  pH range (6.840 and 

7.389) t o  0.001 pH u n i t s .  Desai -- e t  a1 . (1967) and Docrat and Kenny (1965) 

have shown the  c lose  s i m i l a r i t y  o f  a r t e r i a l i z e d  c a p i l l a r y  b lood and ac tua l  

a r t e r i a l  blood. Hemoglobin concent ra t ions  were measured by a  hemoglobin 

meter. 

Ca lcu la t i on  o f  t he  ca rd iac  ou tput  used the  F i c k  equat ion a p p l i e d  t o  

carbon d iox ide  t r a n s p o r t .  A r t e r i a l  and mixed venous carbon d i o x i d e  content  

were obta ined from the  determined (pa ) and mixed (P- ) carbon d i o x i d e  
C02 

v  co 
tensions together  w i t h  t h e  s u b j e c t ' s  hemoglobin concent ra f ion  and the carbon 

d iox ide  d i s s o c i a t i o n  curves presented by Rahn and Fenn (1955). Cardiac 

output  was determined from t h e  r e l a t i o n :  

Heart Rate 

Throughout the  warm-up phase, the  th ree  exe rc i  se phases and the recovery 

phase the hear t  ra tes  were taken. A  b i p o l a r  t r a n s t h o r a c i c  ECG lead (modi f ied 

Lead 1) t r a c i n g  was taken w i t h  the  RA lead a t  t he  s t e r n a l  angle on the  



manub r i um 

one inch 

o f  the sternum and the LA lead a t  the  f i f t h  

l a t e r a l  and one inch  down from the l e f t  n ipp  

4 0 

i n t e r c o s t a l  space 

l e .  Tracings were 

done on an Overseas ECG Mon i t o r .  During exe rc i  se t e s t  i ng and t r a i n i n g  

per iods a sequence o f  ten beats was recorded a t  the end of  each minute and 

the hea r t  r a t e  was immediately recorded. Recovery record ings were taken 

as i n  exerc ise  f o r  a p e r i o d  o f  s i x  minutes. Heart ra te ,  by te lemetry,  was 

a l s o  recorded du r ing  the c a l  i s  theni  cs-run program f o r  those sub jec ts  who 

needed moni tor ing.  

Blood Pressure 

Blood pressure measurements were taken pre  and pos t  exerc ise  us ing  the  

standard ausculatory method. The product  o f  s y s t o l i c  b lood pressure and 

hea r t  r a t e  was used t o  measure the  r e l a t i v e  myocardial  oxygen demand o r  

tens ion  t ime index  e ens ion Time Index = S y s t o l i c  Blood Pressure X Heart 

Rate). This measure has been described by H e l l e r s t e i n  (1968) and Kasch 

and Boyer (1969). 

Pulmonary Funct ion 

A 13.5 l i t e r  C o l l i n s  Respirometer was used t o  measure the standard 

pulmonary func t i on  parameters, t i d a l  volume (TV), v i t a l  capac i ty  (vc) ,  

resp i  r a t o r y  r a t e  and fo rced expi  r a t o r y  volume during one second (FEV ) . 1 

The methods are  described by Col 1 ins  (1965). 

Blood Chemistry 

Subjects were i n s t r u c t e d  t o  have o n l y  a l i g h t  meal two hours prev ious 

t o  the t e s t  and b lood samples f o r  ana lys i s  were taken dur ing  the t e s t  

session as i nd i ca ted  below. 
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Lac ta te  

Venous b lood samples were taken be fo re  and a f t e r  exerc ise  from the  

median c u b i t a l  ve in.  F i ve  cc samples were immediately depro te in ized w i t h  

f i v e  cc o f  t r i c h l o r a c e t i c  a c i d  ( ten  per  cent TCA i n  0.5 N HcI), the 

supernatant was separated by c e n t r i f u g a t i o n  and s t o r e d  i n  i c e  u n t i l  analyzed. 

The serum l a c t a t e  concent ra t ions  were ob ta ined us ing  the spectrophotometr ic  

Boehri nger Mannhe i m enzymat i c method (Be rgmeyer, 1962) . 

Choles tero l  and t r i g l y c e r i d e s  

Another ten cc venous b lood samples was taken f o r  the  de terminat ion  o f  

serum cho les te ro l  and t r i g l y c e r i d e  l eve l s .  The usual precedure o f  sampl i ng  

f o r  cho les te ro l  and t r i g l y c e r i d e s  a f t e r  a twelve hour f a s t  was n o t  used. 

I t  was f e l t  t h a t  the  present  method r e f l e c t e d  the  a c t u a l  l e v e l  o f  serum 

l i p i d  the  sub jec t  possessed du r ing  the m a j o r i t y  o f  the  day no t  an a r t i f i c i a l  

f a s t i n g  value.  The serum was separated by c e n t r i f u g a t i o n  and s to red  i n  i c e  

u n t i  1  analyzed. The serum t r i g l y c e r i d e  l e v e l s  were determined us ing  the  

spectrophotometr i  c  Boehringer Mannheim enzymatic method ( ~ g g s t e i n ,  1966). 

The cho les te ro l  l e v e l s  were ob ta ined by the c o l o r i m e t r i c  Boehringer 

Mannheim method  atso son, 1960). 

Hematological Parameters 

Red b lood  c e l l s  (RBC) , whi t e  b lood c e l l s  (WBC) , hematocri t ( ~ c t )  and 

mean c e l l  volume (MCV) l e v e l s  were determined, p r e  and pos t  exerc ise  from a 

p o r t i o n  o f  the whole venous b lood sample taken f o r  the  b lood l i p i d  determin- 

a t i ons .  A Cou l te r  Counter (Model FN) w i t h  a Mean Ce l l  Volume Computer was 

used ( ~ o u l t e r  E lec t ron i cs ,  1968). C a l i b r a t i o n  o f  the instrument was 

performed us ing  standard serum supp l i ed  by Coul t e r  E lec t ron i cs  ( 4 ~  Coul t e r  

C e l l  Con t ro l ) .  
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Analysis o f  Data 

Since s e r i a l  measurements were taken, ana lys is  o f  the  data was made by: 

(1 ) Comparing ra tes  o f  card iovascular  improvement o f  the  three t r a i n i n g  

groups. l ndi  v i  dual and group assessments were made. 

(2)  Comparing changes i n  the  measured va r iab les  i n  the a l t e r n a t i n g  

iods using the spec ia l  types o f  t r a i n i n g .  

A l l  parameters which were measured a t  r e s t  dur ing  the  c o n t r o l l e d  warm-up 

iod, dur ing  exerc ise  and s e q u e n t i a l l y  over  the  several phases o f  t r a i n i n g  

were i nves t iga ted  by a  s p l i t - p l o t  two-factor  design ana lys i s  o f  var iance 

(between groups and w i t h i n  groups- - t ra in ing  t imes). The computer program 

f o r  t h i s  ana lys is  i s  shown i n  the appendix. I f  the  over a l l  F r a t i o  was 

s i g n i f i c a n t ,  Schef fe 's  (1959) S method was used t o  make a l l  poss ib le  

compari sons among means t o  t e s t  f o r  s  i g n i  f i cant d i  f ferences. An ana l ys  i s  
- - 

o f  var iance could no t  be done on a l l  the exerc ise  values because each 

sub jec t  progressed a t  h i s  own r a t e  and common work ra tes  were not  performed 

w i t h i n  each group. However, f o r  the  changes i n  phys ica l  working capaci ty  

( P W C ~ ~ ~  and PWC ) an ana lys is  o f  var iance was performed. Tables and graphs 
190 

were constructed t o  show the changes i n  a1 1 va r iab les  du r ing  the twenty-four 

week t r a i n i n g  per iod .  

Note; lkpm/min = 1 kgm/min 

where 

1 kp i s  the  fo rce  a c t i n g  on the mass o f  1 kg a t  normal acce le ra t i on  
o f  g r a v i t y .  



RESULTS 

A computer program, shown i n  the Appendix 1 was w r i t t e n  t o  c a l c u l a t e  

the various ca rd io - resp i ra to ry  parameters. A t y p i c a l  p r i n t o u t  f o r  one o f  

the subjects (HG) i s  shown i n  Figure 3. A p l o t  program ( ~ ~ ~ e n d i x  2) was 

a l s o  w r i t t e n  t o  p l o t  hea r t  rate,  ven t i  l a t i o n ,  oxygen uptake and carbon 

d iox ide  e l i m i n a t i o n  f o r  a s p e c i f i c  work r a t e  throughout the t r a i n i n g  per iod.  

The change o f  each parameter was a l s o  recorded throughout t h i s  time. F igure 

4 shows a t y p i c a l  se t  o f  graphs f o r  one sub jec t  (DB) . 
From i n d i v i d u a l  computer p r i n t o u t s  and p l o t s ,  tab les  o r  r e s u l t s  were 

composed (Tables 4-14) and graph ica l  representa t ion  o f  t h e  v a r i a t i o n s  o f  a l l  

the parameters as t r a i n i n g  progressed are  shown i n  Figures 6a,b t o  l9a,b. 

Throughout a l l  tab les  weeks ten, twenty and twenty-four r e f e r  t o  ten, twenty 

and twenty- four th weeks o f  t r a i n i n g ,  respec t i ve l y .  However, due t o  i l l n e s s  

and ho l  idays the ten th ,  twent ie th  and twenty- four th  weeks do n o t  always 

correspond t o  weeks ten, twenty and twenty- four  on the  graphs b u t  t o  the 

values obta ined a t  the end o f  t h a t  t r a i n i n g  phase. For groups 1 and 2, week 

ten i s  the end o f  the f i r s t  type o f  t r a i n i n g ,  week twenty i s  the  end o f  the 

.second type o f  t r a i n i n g  and week twenty- four  i s  the end o f  t r a i n i n g .  For 

Group 3 week ten  i s  week ten, week twenty i s  the end o f  walk- jog t r a i n i n g  

and week twenty-four i s  the  end o f  t r a i n i n g .  

The F - ra t i os  and s i g n i f i c a n t  d i f fe rences f o r  a l l  parameters between the 

separate per iods as determined by ana lys is  o f  var iance and Scheffe (1959) S 

method, are presented i n  Table 3. This t a b l e  shows s i g n i f i c a n t  p o s i t i v e  

changes w i  t h  t r a i n i n g  i n  terms o f  increased phys i ca l  work capaci t y ,  decreased 



FIGURE 3. Print out of typical subject 
cardiovascuiar parameters. 
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FIGURE 4. Computer graphs for submaximal 
cardiovascular parameters. 
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r e s t i n g  d i a s t o l i c  b lood pressure, decreased warm-up myocardial  oxygen demand, 

decreased cho les tero l  , increased v i  t a l  capaci t y  and FEV and f i n a l  l y  decreased 
1 

r e s t i n g  l a c t a t e  and base excess leve ls .  The computer program f o r  the ana lys is  

o f  variance i s  presented i n  the  Appendix 3. F igure  5 shows a t y p i c a l  computer 

p r i n t o u t  f o r  one o f  the parameters s tud ied  (PWC . The group means f o r  
1 70 

PWC170 and the serum l i p i d s  du r ing  the separate per iods o f  t r a i n i n g  are  

graphical  l y  presented i n  Figures 20 and 21. The l a r g e s t  changes i n  PWC 
1 70 

occurred dur ing  the  per iods of continuous ergometry t r a i n i n g .  The smal les t  

changes occurred dur ing  the c a l  i s then i  cs-walk- jog program. Exercise t r a i n i n g  

decreased the  mean serum cholks t e r o l  l e v e l  i n  a1 1 groups however d i d  n o t  

change the  serum tri g l y c e r i  de l eve ls .  

Each sub jec t ' s  progress du r ing  the twenty- four  weeks i s  shown i n  

i n d i v i d u a l  graphs. Due t o  the  l a rge  i n t e r - i n d i v i d u a l  d i f f e rences  i n  terms 

of t h e i  r i n i t i a l  response t o  exerc ise  and t h e i  r r a t e  o f  improvement throughout 

the pe r iod  o f  t r a i n i n g  each sub jec t  w i  11 be discussed separate ly .  An 

i n d i c a t i o n  o f  the r e l i a b i l i t y  and r e p r o d u c i b i l i t y  o f  the r e s p i r a t o r y  gas 

exchange measurements i s  shown i n  Table 2 by the warm-up values f o r  VO and 
2 

VCO f o r  a l l  subjects.  I n  some sub jec ts  i t  must be noted t h a t  a s l i g h t  
2 

t r a i n i n g  e f f e c t  dur ing  the twenty- four  week p e r i o d  i s  apparent. 

Red b lood c e l l  count, hematocr i t ,  mean c e l l  volume and hemog 

r o u t i n e l y  measured. However, no changes were seen and t h i s  data 

included. 

l o b i n  were 

i s  no t  

The carbon d iox ide  rebreath ing  method f o r  determining card iac  output  

was both reproducib le (see warm-up values) and sa fe  w i t h  post  i n f a r c t i o n  

pa t ien ts .  One sub jec t  on l y ,  (EK) d i d  have d i f f i c u l t y  i n  the e a r l y  pe r iod  

o f  t r a i n i n g  which disappeared l a t e r .  



T A B L E  2 

R E P R O D U C I B I L I T Y  OF WARM-UP VALUES OF V E N T I L A T I O N ,  OXYGEN 
UPTAKE AND CARBON D 10x1 DE E L  I M l N A T l O N  FOR 1 4  SUBJECTS 

DURING A 2 4  WEEK T R A I N I N G  PROGRAM. THE VALUE 
I 1  I 1  n REFERS TO NUMBER OF I N D I V I D U A L  TESTS 

Group S u b j e c t  n iE k SD ~ C O ,  k SO i0, 5 S O  

( l / m i n  STPD) ( l / m i n  STPD) ( l / m i n  STPD) 

1 M.B. 
L.M. 
N.S. 
W.S. 
M.W. 

2 l .B. 
D.B. 
F .  C. 
H.C. 
H.G. 

3 J . D .  
W.F. 
E. K. 
B.Q. 



TABLE 3  

RESULTS OF THE SPLIT-PLOT TWO-FACTOR, D E S I G N  ANALYSIS OF VARIANCE 
WHERE FACTOR A  I S  BETWEEN GROUPS, FACTOR B  I S  WITHIN GROUPS 

(VALUES DURl NG INITIAL, 10 WEEKS, 20 WEEKS AND 24 WEEKS) AND 
FACTOR AB I S  THE INTERACTION. SIGNIFICANT DIFFERENCES 

BETWEEN MEANS WERE DETERMINED BY THE SCHEFFE METHOD 

Parameter Fac to r  F - r a t  i o  S i g n i f i c a n t  D i f f e r e n c e s  

Blood Pressure 
S y s t o l i c - r e s t  

Blood Pressure 
D i a s t o l  i c - r e s t  

Card iac Output 
-warm up 

S t roke  Volume 
-warm up 

Myoca r d  i a  1  
Oxygen Demand 

-warm up 

.29 
.. .. 

Grp 1 i ,  I I ,  I ,  v  ;t* 
96 -88  A*  2  i, i i i ,  i v ,  v ** 

6 - 1 9  ;:;t 3  i, i v ,  v ;t;f 

l n t e r a c t i o n  between Grp 1  & 2  due t o  
a l t e r n a t i n g  des ign o f  t h e  t r a i n i n g .  

.64 Grp 1  i, i ,  v ,  v  *;: 
78.77 2:;: 2  i, . 1 1 1 ,  . . i v ,  v  +:* 

5.72 5;: 3  i, i v ,  v  ;t;: 

, l n t e r a c t i o n  between Grp.1 & 2  due t o  
a l t e r n a t i n g  des ign o f  t h e  t r a i n i n g .  

10.17 *n S i g n i f i c a n t  d i f f e r e n c e  (a=.01) between 
2.58 groups occur red  a t  10 and 20 weeks 

.61 between Grp 2  & 3  - Grp 3 s ign .  l a r g e r .  

5.19;: S i g n i f i c a n t  d i f f e r e n c e  (a=.05) between 
1.96 groups occur red  a t  10 and 20 weeks 

.70 between Grp 2 & 3 - Grp 3  s i gn .  l a r g e r .  

1.71 Grp 1  v i  
3.35 ;: 2  i, i v ,  v  J; 

33 3  v i  

a.  5 S i g n i f i c a n c e  a t  -.05 ;:* S i g n i f i c a n c e  a t  a=.01 
A  .O5 F  = 3.98 A  . O l  F  = 7.21 
B  & AB .05 F = 2.92 B & AB .O1 F  = 4.51 

b. i S i g n i f i c a n t  d i f f e r e n c e  between I n i t i a l  and 10 weeks 
i i  S i g n i f i c a n t  d i f f e r e n c e  between 10 weeks and 20 weeks ... 

I I  I S i g n i f i c a n t  d i f f e r e n c e  between 20 weeks and 24 weeks 
i v  S i g n i f i c a n t  d i f f e r e n c e  between I n i t i a l  and 20 weeks 
v S i g n i f i c a n t  d i f f e r e n c e  between I n i t i a l  and 24 weeks 

v i  No s i g n i f i c a n t  d i f f e r e n c e s  



Parameter Factor  F - r a t i o  S i g n i f i c a n t  D i f fe rences 

Cholestero l  

T r i g l y c e r i d e  

V i t a l  Capacity 

FEV, 

Lactate - r e s t  

Base Excess 

Grp 1 v  :t 

2 i, v * 
3 v i  

Grp 1 iii, v *it 

2 v "  
3 v i  

Grp 1 i, i v ,  v  it;: 

2 i, i v ,  v  . . . 3 i, 1 1 1 ,  v  



FIGURE 5. P r i n t  ou t  of PWC f o r  ana lys i s  o f  
var iance . 170 
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Subject Progress Reports 

Group 1:  T ra in ing :  C y c l i c  Ergometry (10 weeks), Continuous Ergometry (10 
weeks), Continuous Ergometry Continued (4 weeks); 5  t imes 
per  week, 30 minutes per  day. 

Subject MB Age 50 years Height 172 cm Weight 72.3 kg ( i n i t i a l )  74.0 kg 
( f i n a l )  S ta r ted  t r a i n i n g  3 months pos t  i n f a r c t i o n  

Physical Work Capaci t y  - F igure  6a 

phys i ca l  work capac i ty  o f  700 kpm/min a t  a This  .subject had an i n i t i a l  

hear t  r a t e  o f  170 ( P W C ~ ~ ~ )  and 8 

During c y c l i c  t r a i n i n g  h i s  PWC ( 

10 kpm/min a t  a hea r t  r a t e  o f  190 ( P W C ~ ~ ~ ) .  

170 and 190) increased gradual l y  f o r  the 

f i  r s t  e i g h t  weeks a f t e r  which a l a rge  increase occurred towards the end o f  

c y c l i c  t r a i n i n g  when he a t t a i n e d  a PWC o f  990 kpm/min and a PWC o f  
170 190 

cent du r ing  t h i s  per iod.  His PWC dur ing  subsequent continuous t r a i n i n g  

increased s lowly  f o r  e i g h t  weeks and another l a r g e  increase occurred a t  the 

end o f  the ten th  week o f  t r a i n i n g .  By the end of  cont inuous t r a i n i n g  h i s  

PWC170 had increased a t o t a l  o f  65 per  cent above i n i t i a l  l e v e l s  and h i s  

PWC increased 64.2 per  cent.  He completed the twenty - four  weeks o f  
190 

t r a i n i n g ,  the l a s t  f o u r  weeks o f  which were w i t h  cont inuous ergometry, w i t h  

a PWC o f  1170, a t o t a l  increase of  67.2 per  cent  and a PWC o f  1340 
1 70 190 

represent ing a t o t a l  increase o f  65.5 per  cent .  

Heart Rate - Figure 6a 

Accompanying the increase i n  work capac i ty  was a l a rge  decrement i n  

hea r t  r a t e  f o r  a s p e c i f i c  submaximal work r a t e  (e.g. a t  750 kpm/min from 

176 t o  119 b/min).  The hea r t  ra tes  shown i n  the second graph are  the  s i x t h  

minute exerc ise  values. A t  the beginning o f  t r a i n i n g  he completed th ree  s i x  



FIGURE 6a. Subject  MB. Graphs o f  phys ica l  work 
capaci ty ,  hea r t  ra te ,  card iac  output ,  
s t roke  volume, l ung  func t i on ,  body 
weight  and serum l i p i d s  f o r  t he  24 
week r e h a b i l i t a t i o n  per iod .  
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minute per iods o f  exerc ise  a t  work ra tes  of 300 kpm/min, 600 kpm/min and 

750 kpm/min, respec t i ve l y .  These were the t e s t i n g  loads used throughout 

c y c l i c  t r a i n i n g .  The t e s t i n g  loads f o r  cont inuous t r a i n i n g  were ra ised t o  

600, 750 and 900 kpm/min. The l a s t  t e s t  was a t  t h ree  work ra tes  o f  600, 

750 and 975 kpm/min. H i  s hea r t  r a t e  a t  the end o f  t he  975 kpm/mi n t e s t  

(150) was the same as t h a t  o f  the 600 kpm/min t e s t  i n  h i s  i n i t i a l  r i d e  

twenty-four weeks before.  During cyc l  i c  t r a i n i n g  a continuous reduct ion i n  

hear t  r a t e  was observed i n  the  two lower work ra tes  o f  the t e s t  session 

(300 and 600) however the  h e a r t  r a t e  f o r  750 kpm/min decreased o n l y  s l i g h t l y  

u n t i  1 the  s i x t h  week; a l a rge  decrement (17 beats) was observed by  the end 

o f  the ten th  week. During continuous t r a i n i n g  a steady reduct ion  i n  the 

hear t  r a t e  f o r  standard work ra tes  was observed. The warm-up h e a r t  r a t e  

showed a small  b u t  cons is ten t  decrease dur ing  the twenty- four  weeks. 

The i n i t i a l  t r e a d m i l l  exerc ise  to le rance t e s t  g iven by a c a r d i o l o g i s t  

showed c h a r a c t e r i s t i c  ST segment depression i n  the  l a t e r a l  p reca rd ia l  leads 

i n d i c a t i v e  o f  ischemic hear t  disease. By the fou r teen th  week o f  t r a i n i n g  

the ST segment depression had disappeared i n  the  t r a i n i n g  and t e s t i n g  

electrocardiogram. 

Cardiac output  and s t roke  volume - Figure 6a 

Figure 6a shows the  changes o f  card iac  output  and s t roke  volume dur ing  

warm-up and a t  the end o f  the  h ighest  work r a t e  o f  the  t e s t  session. Warm-up 

card iac  output  remained very s tab le  dur ing  the twenty- four  weeks. The mean 

o f  the i n i t i a l  t e s t s  was 6.12 l/min, a t  ten weeks i t  was 6.46 l/min, a t  twenty 

weeks i t  decreased s l i g h t l y  t o  5.85 l /min and a f t e r  the  l a s t  month o f  

continuous i t  was 5.94 l /min. Mean warm-up s t roke  volume dur ing  the i n i t i a l  

t es ts  was 65.4 m l ,  a t  the end o f  c y c l i c  t r a i n i n g  i t  increased t o  77.9 m l  and, 



except f o r  the four teenth  and s i x teen th  t e s t s  i t  remained a t  80 m l .  The 

exerc ise-cardiac output  showed an i n i  t i a l  decrease then remained constant t o  

the end o f  c y c l i c  t r a i n i n g .  Exerc ise-cardiac output  du r ing  continuous 

t r a i n i n g  steadi  l y  decreased from 19.12 l /min f o r  a  work r a t e  o f  900 kpm/min 

t o  16.3 l /min. The f i n a l  value f o r  975 kpm/min was 17.99 l /min, a  value 

s i m i l a r  t o  the  f i r s t  t e s t  a t  750 kpm/min dur ing  the i n i t i a l  t e s t s .  During 

the pe r iod  o f  t r a i n i n g  s t roke  volume decreased s l i g h t l y  up t o  the e igh th  

week (from 103 m l  t o  98 m l )  then increased t o  108 m l  by the  end o f  c y c l i c  

t ra in ing .  A t  the h igher  load dur ing  continuous t r a i n i n g  s t roke  volume 

remained q u i t e  constant a t  115 m l .  During the  f i n a l  t e s t  a t  975 kpm/min, 

al though the card iac  output  was the same as i n  the  i n i t i a l  t e s t s  a t  750 kpm/ 

min, the  s t roke  volume was h igher  (120.5 m l  compared t o  103 m l ) .  

Respiratory gas exchange - Figure 6b 

Graphical changes i n  Go2, ~ C O  and i dur ing the submaximal t e s t s  are  
2 E 

shown i n  Figure 6b. These values are  appropr ia te  t o  the  h ighest  work r a t e  

o f  the t e s t  session. A marked reduct ion  i n  v e n t i l a t i o n  occurred i n  work ra tes  

above 450 kpm/min throughout the t r a i n i n g  per iod .  Oxygen uptake remained 

steady dur ing  the cyc l  i c  t r a i n i n g  pe r iod  and then s lowly  decreased dur ing  

continuous t r a i n i n g  e s p e c i a l l y  f o r  900 kpm/min o f  work. Carbon d iox ide  

e l i m i n a t i o n  s t e a d i l y  decreased throughout t r a i n i n g  f o r  a l l  work ra tes  above 

450 kpm/min. Warm-up values f o r  ~ O C  and 00 remained q u i t e  constant 2 2 

throughout the t r a i n i n g .  The respi  r a t o r y  exchange r a t i o  remained c lose t o  

the i n i t i a l  values throughout most o f  the c y c l i c  t r a i n i n g  pe r iod  however a  

steady reduct ion i n  the R values was seen dur ing  continuous t r a i n i n g .  



FIGURE 6b.  Subject MB. Graphs o f  r e s p i r a t o r y  
gas exchange, blood pressure and 
base excess f o r  the  24 week r e h a b i l i t a t i o n  
per iod .  
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Exercise oxygen pulse and v e n t i l a t i o n  equ iva len t  - Table 10 

Although n o t  shown g r a p h i c a l l y  the  exerc ise  values f o r  oxygen pulse 

( l /beat )  increased f o r  a l l  t e s t  work ra tes  w h i l e  the  v e n t i l a t i o n  equ iva lent  

(vE l /min BTPS/V02 l l m i n  STPD) decreased. The f o l  l a v i n g  changes occurred i n  

oxygen pulse a t  the designated work ra tes  as a r e s u l t  o f  t r a i n i n g :  0.0066 

+ 0.0126 l /beat  a t  300 kpm/min; 0.0090 + 0.0145 l /beat  a t  600 kpm/min and 

0.0100 + 0.0160 l /beat  a t  750 kpm/min. The changes i n  v e n t i l a t o r y  equ iva lent  

were as fo l l ows :  26 -t 19 a t  300 kpm/min; 26 + 19 a t  600 kpm/min and 30 -t 19 

a t  750 kpm/min. 

Base excess and l a c t a t e  - Figure 6b and Tables 7 and 12 

Exerc ise metabol i c ac i  dos i s observed from base excess (BE) values and 

l a c t a t e  (La) accumulation shows marked reduct  i o n  throughout both types o f  

(900 and t r a i n i n g .  This reduct ion  was most obvious a t  h ighe r  work ra tes  

975 kpm/min) dur ing  the continuous t r a i n i n g  per iod .  The f o l l o w  

were observed: BE, -12.0 + 3.0 meq/l, and La, 90.3 + 24.5 mg % 

BE, -6.8 + -3.5 meq/l, and La 35.3 + 21.0 mg %, 900 kpm/min. 

i ng reduct i ons 

, 750 kpm/min; 

Blood pressure - Figure 6b 

Rest ing s y s t o l i c  b lood pressure decreased g radua l l y  up t o  the  t w e l f t h  

week o f  t r a i n i n g ,  and remained a t  t h i s  l e v e l  u n t i l  week twenty when an increase 

t o  the i n i t i a l  l e v e l  (130 mm Hg) occurred. The r e s t i n g  d i a s t o l i c  b lood 

pressure remained r e l a t i v e l y  constant throughout t r a i n i n g .  Exercise s y s t o l i c  

blood pressure a t  750 kpm/min decreased from 180 mmHg t o  150 mrnHg dur ing  the 

t r a i n i n g  per iod .  The b lood pressure a t  900 kpm/min d i d  n o t  change w i t h  

t r a i n i n g .  Exe rc i se -d ias to l i c  pressure a t  750 kpm/min showed an i n i t i a l  

decrease b u t  returned, over the nex t  e i g h t  weeks, t o  the  i n i t i a l  value 



(90 mnHg). The d i a s t o l  i c  pressure a t  900 kpm/min remained constant .  

Myocardial oxygen demand - Table 14 

Warm-up myocardi a1 oxygen demand showed steady reduct ion  un t  i 1 week 

twenty (10929 + 7700 mmHg X HR) however i t  then increased by the end o f  

week twenty- four  t o  9768 mmHg X HR. T r a i n i n g  reduced n o t  o n l y  the r e s t i n g  

values b u t  a l s o  the exerc ise  values o f  t h i s  v a r i a b l e .  During the f i r s t  ten  

weeks o f  t r a i n i n g  the values f o r  a 750 kpm/min work r a t e  reduced from 24640 

t o  22880 mmHg X HR. A small  reduc t ion  was a l s o  seen du r ing  the f o l l o w i n g  

ten weeks when the h ighes t  t e s t i n g  work r a t e  was 900 kprn/min (24600 -+ 23970 

mnHg X HR) . 

Lung Function - F igure  6a 

T i d a l  volume showed l i t t l e  change a f t e r  a s l i g h t  i n i t i a l  increase. The 

resp i  r a t o r y  r a t s  remained constant  throughout the  per iod.  The l a r g e s t  changes 

were observed i n  FEV the  a i  r volume expi  red  i n  one second, which increased 
1 ' 

by the end o f  the s i x t h  week from an i n i t i a l  l e v e l  o f  3.9 1 t o  4.8 1. I t  

remained constant  t h e r e a f t e r  u n t i l  the  end o f  the  t r a i n i n g .  V i t a l  capac i ty  

showed a smal l  increase du r ing  the whole t r a i n i n g  p e r i o d  (5.68 1 -+ 6.03 1). 

Body weight  and serum 1 i p i d s  - F igure  6a 

Body weight  remained s t a b l e  du r ing  the twenty- four  weeks. Cho les tero l  

values showed an e a r l y  decrease however they then s t e a d i l y  increased t o  the  

i n i t i a l  l e v e l  where they remained throughout the twenty weeks and then 

decreased dur ing  the f i n a l  month o f  continuous t r a i n i n g .  Serum t r i g l y c e r i d e s  

showed a l a rge  e a r l y  decrease and then remained s t a b l e  throughout the twenty- 

f o u r  weeks. No obvious d i f f e rences  occurred, a t t r i b u t a b l e  t o  the type o f  

t r a i n i n g  p rac t i ced .  



Subject LM Age 38 years Height 180.6 cm Weight 86.0 kg ( i n i t i a l )  
85.7 ( f i n a l )  S ta r ted  t r a i n i n g  s i x  months post  i n f a r c t i o n  

Physical work capac i ty  - Figure 7a 

The mean i n i t i a l  average PWC o f  t h i s  sub jec t  was 907 kpm/min and 
1 70 

h i s  PWClgO was 1037 kpm/min. Ten weeks o f  c y c l i c  t r a i n i n g  made very l i t t l e  

change i n  h i s  PWC (907 + 938 kpm/mi n) and on ly  a  small  increase was noted 
1 70 

i n  h i s  PWC (1037 -t 1107 kpm/min) . Ten weeks o f  continuous t r a i n i n g  t h a t  
190 

f o l  l w e d  produced a  dramatic increase i n  both  h i s  PWC (34 pe r  cent  - 907 
1 70 

+1215kpm/min)andPWC ( 3 7 . 4 p e r c e n t -  1037+1415kpm/min) ,  T h e f i n a l  
190 

month o f  continuous t r a i n i n g  increased h i s  PWC (1230 kpm/min) by a  t o t a l  
1  70 

of 35.6 per  cent and increased h i s  PWC (1430 kpm/min) by a  t o t a l  o f  38.8 
190 

per  cent. An increased sense o f  w e l l  being and a b i l i t y  t o  work were q u i t e  

marked i n  t h i s  sub jec t .  His e a r l y  f e a r  o f  phys i ca l  e x e r t i o n  a l s o  disappeared. 

Heart r a t e  - Figure 7a 

C y c l i c  t r a i n i n g  f a i l e d  t o  lower the h e a r t  r a t e  response t o  exerc ise ,  

however, once he was changed t o  continuous t r a i n i n g  a  l a rge  decrease was seen 

i n  t h i s  parameter e x p e c i a l l y  a t  900 kpm/min (170 b/min-+ 138 b/min). By the  

middle o f  the ten week p e r i o d  o f  continuous t r a i n i n g  the sub jec t ' s  th ree  t e s t  

work ra tes  were increased from 300, 600 and 900 t o  600, 750 and 900 kpm/min, 

respect ive ly .  During the l a s t  month o f  continuous t r a i n i n g  (weeks twenty 

t o  twenty- four)  the maximum task was increased t o  1050 kpm/min w i t h  f i n a l  

exerc ise  heart  ra tes  o f  164 and 153 b/min, respec t i ve l y ,  as compared t o  170 

b/min dur ing  the eva luat ion  t e s t s  a t  900 kpm/min i n  weeks zero t o  ten. 

Warm-up heart  ra te ,  as seen i n  F igure 7a, was s l i g h t l y  decreased (82 b/min 

+ 78 b/min) . 



FIGURE 7a. Subject LM. Graphs of physical work 
capacity, heart rate, cardiac output, 
stroke volume, lung function, body 
weight and serum lipids for the 24 
week rehabilitation period. 
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Cardiac ou tput  and s t roke  volume - F igure  7a 

A cons i s ten t  change i n  warm-up card iac  ou tpu t  d i d  n o t  occur  over  the 

twenty- four  week p e r i o d  o f  r e h a b i l i t a t i o n .  However, a  l a r g e  decrease i n  

exerc ise  card iac  ou tput  was seen (23.00 1/mi n  -+ 16.30 1/mi n; 900 kpm/mi n)  over 

t h i s  per iod.  The reduct ion  was more obvious from weeks ten t o  twenty once 

continuous t r a i n i n g  began. A  smal l  change (23.00 1/mi  n  + 20 .SO 1/mi n) was 

seen dur ing  the c y c l i c  t r a i n i n g  per iod .  Warm-up s t roke  volume was s l i g h t l y  

increased (70 + 75 m l )  however exerc ise-s t roke volume was decreased (135 m l  

+ 118 ml ; 900 kpm/min) . Again, the major p a r t  o f  the  decrease occurred 

dur ing  the continuous type o f  t r a i n i n g .  As may be observed i n  the graph o f  

h e a r t  r a t e  and ca rd iac  ou tput ,  decreases occurred dur ing  c y c l  i c t r a i n i n g  

on l y  du r ing  the l a s t  two weeks. 

Respi ratory gas exchange - F igure  7b 

A l a rge  decrease i n  v e n t i l a t i o n  was observed a t  the more strenuous work 

rates,  especi a1 l y  from week ten  t o  twenty- four .  A t  l m e r  work ra tes  (300, 450 

and 600 kpm/min) a  smal l  decrement i n  v e n t i  l a t i o n  occurred, however the 

v e n t i l a t i o n  a t  750 kpm/min increased s l i g h t l y .  Oxygen uptake and carbon 

d iox ide  e l i m i n a t i o n  decreased f o r  a l l  work loads except 750 kpm/min; the 

l a r g e s t  changes were observed a t  900 kpm/min. Carbon d i o x i d e  e l i m i n a t i o n  

appeared unchanged from weeks two t o  e i g h t  a t  a l l  work ra tes ,  however, "O2 

decreased throughout the twen t y - f o u r  week per iod .  The resp i  r a t o r y  exchange 

r a t i o  (R) increased from the i n i t i a l  t e s t s  up t o  the e i g h t h  week and decreased 

considerably the rea f te r .  

Exercise-oxygen pulse and v e n t i l a t i o n  equ iva len t  - Table 10 

The v e n t i l a t i o n  equ iva len t  d i d  no t  change w i t h  t r a i n i n g .  The value f o r  



FIGURE 7b. Subject LM. Graphs o f  r e s p i r a t o r y  
gas exchange, blood pressure and 
base excess f o r  the 24 week rehabi 1 i t a t  ion 
per iod .  
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a l l  work ra tes  from 300 t o  750 kpm/min was 20 throughout the  t r a i n i n g  and 

23 and 25 respec t i ve l y  f o r  900 and 1050 kpm/min. Oxygen pulse remained 

unchanged w i t h  t r a i n i n g  a t  300 kpm/min. A small  increase was observed a t  

work ra tes  o f  450, 600 and 750 kpm/mi n (0.0 136 + 0.0 164 l/bea t a t  750 kpm/ 

min). A small  decrease occurred dur ing  the  t e s t s  a t  900 kpm/min (0.0152 + 

0.0140 l /beat ) .  

Base excess and l a c t a t e  - F igure  7b and Table 7 and 12 

Exercise-metabol ic ac idos i s  decreased immediately a f t e r  c y c l i c  t r a i n i n g  

s t a r t e d  and then remained constant.  A f u r t h e r  decrease d i d  n o t  occur u n t i  1 

the type o f  t r a i n i n g  was changed t o  cont inuous exerc ise.  For the f i n a l  

t e s t s  a t  1050 kpm/min the base excess and l a c t a t e  values (-8.0 meq/l and 

15 mg %, r espec t i ve l y )  were lower even compared t o  values e a r l i e r  i n  

t r a i n i n g  a t  a lower work r a t e  (900 kpmlmin, BE -12.7 meq/l and La 40 mg %). 

The same measurements du r ing  warm-up decreased up t o  the e igh teenth  week 

and then increased dur ing  the  f i n a l  few weeks. 

Blood pressure - Figure 7b 

Rest ing s y s t o l i c  and d i a s t o l i c  b lood pressure decreased up t o  the  e igh th  

week and then increased t o  the  i n i t i a l  values. A s i g n i f i c a n t  decrease i n  

exerc i  se-d ias to l  i c pressure was observed throughout the twen t y - f o u r  week 

per iod.  Exerc ise s y s t o l i c  pressure showed a small  decrease dur ing  the  

t r a i n i n g  per iod.  

Myocardial oxygen demand - Table 14 

The warm-up myocardi a1 oxygen demand f i r s t  increased and then returned 

t o  the  i n  i t i  a1 va 1 ue (8400 mmHg X HR) . There was no change i n  exerc ise-  

myocardial oxygen demand a t  the beginning o f  t r a i n i n g  however a l a rge  decrease 



occurred a f t e r  the  t w e l f t h  week o f  t r a i n i n g  and remained a t  t h i s  lower l e v e l  

(22950 -t 19320 mmHg X HR, 900 kpm/min and 28208 -+ 25092 mHg X HR, 1050 kpm/ 

min). 

Lung f u n c t i o n  - Figure 7a 

V i  t a l  capaci t y  and the  respi  r a t o r y  r a t e  remained unchanged whi l e  FEV 
1 

increased e a r l y  i n  t r a i n i n g  and then remained unchanged. Rest ing t i d a l  

volume remained unchanged up t o  the e i g h t h  week and then increased and 

remained a t  t h i s  l e v e l .  

Body weight and serum 1 i p i d s  - Figure 7a 

Body weight gradual l y  decreased from 86.7 kg t o  84.7 kg  over the  twenty- 

fou r  week per iod.  Cho les tero l  decreased up t o  the  e i g h t h  week (350 mg % -+ 

317 mg %) then increased dur ing  the  next  e i g h t  weeks t o  t h e  i n i t i a l  l e v e l  

and s t e a d i l y  decreased again from the s i x t e e n t h  week t o  a low o f  296 mg % 

a t  the end o f  the program. Serum t r i g l y c e r i d e s  decreased g r e a t l y  up t o  the 

ten th  week (263 mg % -t 108 mg %) then s tead i  l y  increased again up t o  the 

e ighteenth week (199 mg %) and decreased over the f i n a l  s i x  weeks o f  continuous 

t r a i n i n g  t o  a l e v e l  o f  177 mg %. 

Subject NS Age 45 years Height 172.0 cm Weight 78.3 kg ( i n i t i a l )  
87.8 kg ( f i n a l )  S ta r ted  t r a i n i n g  s i x  months post  i n f a r c t i o n  

Physical work capaci ty  - Figure 8a 

At  the end o f  c y c l i c  t r a i n i n g  t h i s  s u b j e c t ' s  PWC had increased by 
170 

38.4 per  cent (600 -+ 830 kpm/min) and h i s  PWC had increased by 26.6 per 
190 

cent (750 + 950 kpm/min) . During t h i s  pe r iod  o f  twelve weeks h i s  response 

t o  exerc ise  was e r a t i c .  This was i n  p a r t  due t o  the f a c t  t h a t  he s t a r t e d  



t 

FIGURE 8a. Subject  NS. Graphs o f  phys ica l  work 
capac i ty ,  hea r t  r a t e ,  card iac  output ,  
s t roke  volume, l ung  func t i on ,  body 
weight  and serum l i p i d s  f o r  t he  24 
week r e h a b i l i t a t i o n  pe r iod .  
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work again a t  a p a r t i c u l a r l y  p h y s i c a l l y  strenuous job .  A t o t a l  increase o f  

75 per cent above h i s  i n i t i a l  PWC170 (1050 kpm/min) was observed a f t e r  ten  

weeks o f  continuous t r a i n i n g .  His PWC (1200 kpm/min) increased by 60 per  
190 

cent above the i n i t i a l  value. No f u r t h e r  change i n  e i t h e r  h i s  PWC no r  
1 70 

PWClgO occurred a f t e r  the f i n a l  month o f  continuous t r a i n i n g  a l though he 

could now successfu l ly  complete the t e s t  session a t  a maximum work r a t e  o f  

900 kpm/mi n compared t o  the ear  1 i e r  work r a t e  o f  750 kpm/mi n. 

Heart r a t e  - Figure 8a 

Figure 8a shows the  la rge decrease i n  hear t  r a t e  f o r  a l l  work ra tes  

throughout twenty weeks. The f i na 1 month o f  con t i nuous t r a  i n  i ng resu l  t e d  

i n  no f u r t h e r  decrease i n  hear t  ra te .  During the c y c l i c  t r a i n i n g  pe r iod  the  

three t e s t  work ra tes  were 300, 450 and 600 kpm/min, however, once continuous 

t r a i n i n g  was begun he could, f o r  the  same hear t  r a t e  response, accomplish 

work r a t e l  of 450, 600 and 750 kpm/min, respec t i ve l y  and l a t e r  900 kpm/min. 

A f t e r  an i n i t i a l  immediate decrease i n  warm-up hear t  r a t e  a f t e r  two weeks o f  

t r a i n i n g ,  a gradual decrease took p lace t o  a l o w  value o f  70 b/min ( i n i t i a l  

average warm-up was 106 b/min). Rest ing values showed a s i m i l a r  response. 

Cardiac output  and s t roke  volume - Figure 8a 

Figure 8a shows the changes o f  card iac output  and s t roke volume dur ing  

the t r a i n i n g  per iod.  A f t e r  the second week o f  t r a i n i n g  a considerable 

reduct ion  occurred i n  warm-up card iac  output  (6.76 ]/mi n -+ 4.32 1 /mi  n average) 

and s t roke  volume (90 m l  + 59 m l  average). No f u r t h e r  decrease occurred 

a f t e r  the ten th  week. During both c y c l i c  and continuous ergometry t r a i n i n g  

exerc ise  card iac  output  decreased. During c y c l i c  t r a i n i n g  the card iac  output  

a t  600 kpm/min decreased up t o  the f o u r t h  week (16.93 -t 11.99 l /min) then 
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increased s l i g h t l y  t o  13.13 l /min and 12.65 l /min dur ing  the next  four  weeks. 

The card iac  output  when measured f i r s t  a t  750 kpm/min was 16.00 l /min and 

a f t e r  s i x  weeks of continuous t r a i n i n g  t h i s  was reduced t o  11.57 l /min. A 

small  reduct ion i n  card iac  output  a t  the h ighes t  work r a t e  occurred dur ing  

the f i n a l  month o f  continuous t r a i n i n g  (14.501/min + 13.66 l /min a t  900 kpm/ 

min) . Exerc ise-st roke volume a t  600 kpm/min, du r ing  c y c l  i c  t r a i n i n g ,  decreased 

up t o  the s i x t h  week (100 m l  + 83 m l )  then increased 89.7 m l )  . Stroke volume 

f o r  750 kpm/min o f  work decreased dur ing  continuous t r a i n i n g  (100 m l  +- 85 m l ) .  

No s t roke  volume change occurred over the l a s t  s i x  weeks a t  900 kpm/min 

(86.5 m l ) .  

Respi r a t o r y  gas exchange - Figure 8b 

V e n t i l a t i o n  dur ing  a l l  t e s t i n g  work ra tes  decreased. A l a rge  reduct ion  

occurred dur ing  the f i r s t  s i x  weeks f o r  the  300, 450 and 600 kpm/min i n  t h i s  

parameter. A f t e r  t h i s  p o i n t  a small  b u t  steady reduct ion  cont inued t o  occur 

up t o  week twenty. A s i m i l a r  e a r l y  l a rge  reduct ion  i n  v e n t i l a t i o n  occurred 

f o r  work ra tes  o f  750 kpm/mi n and 900 kpm/min when these were int roduced 

dur ing  the t e s t  session as the sub jec t  became f i t t e r .  The same p a t t e r n  o f  

reduct ion  was observed f o r  VO and V C O  A f t e r  week twenty and val  ues f o r  
2 2 ' 

both  VO and VCO remained constant.  Warm-up values f o r  VO and VC02 gradua l ly  
2 2 2 

decreased throughout t r a i n i n g .  Values f o r  R decreased s tead i  l y  up t o  week 

e i g h t  and then increased g radua l l y  up t o  week s i x teen  a l though t h i s  increase 

d i d  no t  a t t a i n  the i n i t i a l  value, a f t e r  t h i s  a f u r t h e r  reduct ion occurred up 

t o  week twenty. 

Exercise oxygen pulse and v e n t i l a t i o n  equ iva lent  - Table 10 

Oxygen pulse remained constant f o r  a low work r a t e  o f  300 kpm/min 



FIGURE 8b. Subject NS. Graphs o f  r e s p i r a t o r y  
gas exchange, blood pressure and 
base excess f o r  the  24 week r e h a b i l i t a t i o n  
per iod  . 
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however i t increased f o r  the ra tes  of 450 and 600 kpm/min (0.01 1 1  + 0.01 30 

l /bea t, 450 kpm/mi n and 0 .0118 + 0.0 133 l /beat  , 600 kpm/mi n) . No change was 

observed w i t h  t r a i n i n g  over  the t e s t s  a t  750 kpm/rnin (average 0.0133 l / bea t ) .  

Both e x e r c i s e - v e n t i l a t i o n  and oxygen uptake decreased together  i n  the same 

propor t ions  r e s u l t i n g  i n  no change i n  the v e n t i l a t o r y  equ iva len t .  The 

f o l l o w i n g  mean values f o r  t he  v e n t i l a t o r y  equ iva len t  a t  the var ious  work 

ra tes  were observed: 22'0.5 a t  300 kpm/min; 21+ 1 a t  450 kprn/rnin; 22+ 1 a t  

600 kpm/rnin; 23' 0.25 a t  750 kpm/min and 25+ 0 a t  900 kpm/rnin. 

Base excess and l a c t a t e  - F igure  8b and Table 7 and 12 

Warm-up base excess and l a c t a t e  values a f t e r  t r a i n i n g  were lower than 

the i n i t i a l  values. A l a rge  reduct ion  i n  exe rc i se  values was a l s o  observed. 

The f i n a l  values f o r  these parameters a t  750 kpmlrnin (BE -3.7 meq/l, La 10.0 

rng %) were s i m i l a r  t o  those o r i g i n a l l y  measured a t  600 kpm/min (BE -3.1 meq/l, 

La 27.0 mq %). Only a smal l  reduc t ion  occurred a t  900 kpm/min du r ing  the l a s t  

s i x  weeks o f  t r a i n i n g .  

Blood pressure - F igure  8b 

Rest ing d i a s t o l i c  b lood pressure decreased (90 mmHg + 75 mm~g) du r ing  

t r a i n i n g .  Res ti ng-sys to1 i c pressure, a1 though va r iab le ,  decreased up t o  week 

four teen (135 rnrnHg+ 110 m n ~ g ) .  However, i t ' t h e n  increased t o  the i n i t  

l e v e l .  Exerc ise-d ias to l  i c  and s y s t o l  i c  pressure decreased f o r  a1 1 work 

a l  though the reduct ion  o f  s y s t o l  i c  pressure was no t  apparent u n t i  1  week 

four teen.  D i a s t o l i c  pressure g radua l l y  reduced f rom the onset o f  t r a i n  

Myocardial  oxygen demand - Table 14 

a 1 

ra tes  

The warm-up o r  r e s t i n g  value f o r  myocardial  oxygen demand general l y  

decreased throughout the t r a i n i n g  p e r i o d  (13965 + 9782 mmHg X HR) . The lowest 



values occurred a t  week four teen (8030 mmHg X HR) and from here on an increase 

was observed. A1 1 exe rc i se  values decreased w i t h  t r a i n i n g  (29568 -t 24534 a t  

600 kpm/mi n; 33600 -t 24150 mmHg X HR a t  750 k p d m i n ;  29704 + 26726 a t  900 kpm/ 

min) . 

Lung Function - Figure 8a 

Rest ing r e s p i r a t o r y  r a t e  decreased s l i g h t l y  w h i l e  r e s t i n g  t i d a l  volume 

increased. An increase was seen i n  bo th  v l  t a l  capac i ty  (4.00 -t 4.50 1 )  and 

FEVl (3.00 + 3.20 1 ) .  

Body weight  and serum l i p i d s  - F igure  8a 

Cholestero l  reduced (240 mg % -+ 205 mg %) whi l e  body weight  remained 

cons tan t throughout the t r a i n  i ng per iod.  Serum t r i g  1 y c e r i  des showed an 

e a r l y  increase (103 mg % + 194 mg % and f rom t h i s  p o i n t  a steady decrease 

occurred back t o  the i n i t i a l  va lue) .  

Subject WS Age 43 Height  179.7 cm Weight 69.6 kg ( i n i t i a l )  
70.5 kg  ( f i n a l )  S ta r ted  t r a i n i n g  f o u r  months pos t  i n f a r c t i o n  

Physical work capac i ty  - Figure 9a 

Figure 9a shows the s u b j e c t ' s  i n i t i a l  average PWC was 987 kpm/min and 
170 

h i s  PWClgO was 1097 kpmlmin. Ten weeks o f  the c y c l i c  ergometry increased h i s  

PWC 170 
by 22.6 per  cent (1100 kpm/min) and h i s  PWC by 17.5 per  cent  (1330 

190 

kpm/min). By the end o f  another ten  weeks, a f t e r  cont inuous t r a i n i n g ,  h i s  

"'1 70 had increased 48.9 per  cent (1325 kpm/min) above the i n i t i a l  va lue 

andh isPWC b y 4 4 . 9 p e r c e n t  (1565kpm/min). T h e f i n a l  m o n t h o f  continuous 
190 

t r a i n i n g  produced f u r t h e r  smal l  increases i n  the PWC (1350 kpm/min) and 
170 



C 

FIGURE 9a. Subject WS. Graphs of physical work 
capacity, heart rate, cardiac output, 
stroke volume, lung function, body 
weight and serum lipids for the 24 
week rehabilitation period. 
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Heart r a t e  - F igure 'ga  

T ra in ing  r e s u l t e d  

work rates.  During cyc 

i n  l a rge  reduct ions i n  the  hear t  r a t e  f o r  equ iva lent  

1 i c t r a i n i n g  the th ree work ra tes  were 300, 600 and 

750 kpm/rnin, however, once continuous t r a i n i n g  was begun t h i s  sub jec t  was 

able, f o r  the  same h e a r t  r a t e  response, t o  accomplish work ra tes  o f  600, 750 

and 1050 kpm/min, respec t i ve l y .  The f i n a l  t e s t s  a t  1050 kpm/min ended w i t h  

a hear t  r a t e  s i m i l a r  t o  t h a t  a t  the  end o f  the  i n i t i a l  600 kpm/min t e s t .  Both 

warm-up and r e s t i n g  hear t  ra tes  were a l s o  reduced through the t r a i n i n g  program. 

Th is  sub jec t  t r a i n e d  and was t e s t e d  i n  the e a r l y  p a r t s  o f  t r a i n i n g  w i t h  

a number of mu1 t i - f o c a l  premature beats dur ing  exerc ise  and recovery. However, 

by the  middle o f  continuous t r a i n i n g  these had disappeared. He was a l s o  ab le  

t o  work throughout the day w i thou t  exper ienc ing angina which was present  a t  

the beginning o f  h i s  t r a i n i n g .  Associated w i t h  t h i s  disappearance o f  angina 

was an increased sense o f  w e l l  being. A t  the  s i x t e e n t h  week t e s t  t h i s  sub jec t  

was taken o f f  medicat ion f o r  h i s  v e n t r i c u l a r  i n s t a b i  li t y .  

Cardiac output  and s t roke  volume - F igure  9a 

Figure 9a shows a decrease i n  warm-up-cardiac output  (6.59 l /min + 5.91 

l /min) as a r e s u l t  o f  twenty- four  weeks o f  t r a i n i n g  a l though no change was 

ev ident  i n  warm-up-stroke volume. The ca rd iac  output  f o r  t he  750 k p d m i n  

d i d  n o t  change dur ing  ten weeks o f  c y c l i c  t r a i n i n g .  A la rge decrease was 

noted however i n  the card iac  output  a t  1050 kpm/rnin a f t e r  continuous t r a i n i n g  

(21.00 l /min -t 16.39 l /min) .  The exerc ise-s t roke volume a f t e r  c y c l i c  t r a i n i n g  

increased a t  750 kpm/min (99.5 m l  -t 108.5 ml)  , however, dur ing  the l a t e r  

po r t i on  o f  the program the s t roke volume decreased considerably a t  1050 kpm/ 

min (137.1 m l  -+ 118.5 m l ) .  



Respiratory gas exchange - Figure 9b 

Figure gb shows a l a rge  reduct ion i n  v e n t i l a t i o n  dur ing  a l l  work ra tes ,  

especia l  l y  a t  the h igher  loads 750 kpm/min (63 l/min + 46 l /min)  and 1050 

kpm/min (89 l / m i  n  + 65 l /min) . Both VO and VCO decreased dur ing  the 
2 2 

t r a i n i n g  pe r iod  w i t h  the l a rges t  reduct ions occu r r i ng  a t  the more strenuous 

work rates.  Warm-up values f o r  V02 and VCO d i d  n o t  change appreciably.  A t  
2 

the more strenuous work ra tes  (600 and 750 kpm/min) the R values remained 

constant .for a pe r iod  o f  ten weeks ( t o  the end o f  cyc l  i c  t r a i n i n g )  and then 

showed a la rge decrease. Only a small  decrease i n  R value occurred dur ing  

the  ten  week pe r iod  when the maximum work r a t e  was 1050 kpm/min. The R value 

f o r  the 300 kpm/min load increased t o  week s i x  and then remained constant a t  

t h i s  increased l e v e l .  

Exercise oxygen pulse and v e n t i l a t i o n  equ iva lent  - Table 10 

Oxygen pulse remained constant f o r  a low work r a t e  o f  300 kpm/min 

however i t  increased f o r  the ra tes  o f  450 and 600 kprn/mi n (0.01 11 + 0.0130 

l /beat ,  450 kpm/min and 0.01 18 + 0.0133 l /beat ,  600 kpm/min). No change was 

observed w i t h  t r a i n i n g  over  the t e s t s  a t  750 kpm/min (average 0.0133 l / bea t ) .  

Both e x e r c i s e - v e n t i l a t i o n  and oxygen uptake decreased together  i n  the  same 

propor t ions  r e s u l t i n g  i n  no change i n  the v e n t i l a t o r y  equ iva lent .  The 

f o l l o w i n g  mean values f o r  the v e n t i l a t o r y  equ iva len t  a t  the  var ious work 

ra tes  were observed: 22' 0.5 a t  300 kpm/min; 21' 1 a t  450 kpm/min; 22+ 1 a t  

600 kpm/min; 23' 0.25 a t  750 kpm/min and 25' 0 a t  900 kpm/min. 

Base excess and l a c t a t e  - Figure 9b and Table 7 and 12 

Warm-up and r e s t i n g  values o f  base excess and l a c t a t e  (BE -3.5 + -2.0 

meq/l; La 8.8 + 7.0 mg %) decreased as d i d  exerc ise  values. The decrease i n  



FIGURE 9b. Subject WS. Graphs o f  r e s p i r a t o r y  
gas exchange, b l  ood pressure and 
base excess for  the  24 week r e h a b i l i t a t i o n  
per iod .  
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exerc ise  value occurred a f t e r  f o u r  weeks a t  the p a r t i c u l a r  load. Thereaf te r  

t he  

t r a  

(BE 

ear  

i n i n g  

-8.0 

1 i e r  

l e v e l  of  metabol ic  ac idos i s  showed on l y  a smal l  decrease w i t h  f u r t h e r  

. The f i n a l  exerc ise  values f o r  metabo l ic  ac idos i s  a t  1050 kpm/min 

meq/l, La 19.0 mg %) were lower than those a t  750 kpm/min ten weeks 

(BE -10.7 meq/l, La 66.4 mg %) .  

Blood pressure - F igu re 'gb  

Rest ing d i a s t o l i c  and s y s t o l i c  b lood pressure were n o t  c o n s i s t e n t l y  

changed du r ing  the  twenty- four  week per iod .  Exerc ise values a l s o  remained 

constant  and i n  f a c t  a smal l  increase was ev iden t  i n  the 1050 kpm/min sessions. 

Myocardial  oxygen demand - Table 14 

During the twenty- four  week p e r i o d  o f  t r a i n i n g  a smal l  increase occurred 

(7500 -t 8300 mmHg X HR) i n  the'warm-up-myocardial oxygen demand. An increase 

was observed up t o  week e i g h t  (7500 -t 9460 rnrnHg X HR); a decrease fo l l owed  

t h i s  up t o  week twen t y - f o u r  (9460 + 8300 mHg X HR) . Exerc ise values showed 

a decrease f o r  750 kpm/min (18120 -+ 15290 mmHg X HR) however a smal l  increase 

occurred a t  1050 kpm/min (21420 + 21 750 mmHg X HR) . 

Lung f u n c t i o n  - F igure  9a 

Rest ing t i d a l  volume and r e s p i r a t o r y  r a t e  d i d  n o t  show any change du r ing  

the  t r a i n i n g  per iod.  A smal l  increase was noted i n  v i t a l  capac i ty  (4.91 1 

+ 5.36 1) and i n  FEVl (3.62 1 + 4.20 1) .  

Body weight  and serum l i p i d s  - Figure 9a 

F igure  9a shows t h a t  w h i l e  h i s  body we igh t  remained constant ,  the  serum 

cho les te ro l  l eve l  decreased over  the twenty - four  week p e r i o d  (159 rng % + 

120 mg %) .  Although t h i s  was n o t  a steady reduct ion,  these l e v e l s  were 



8 5 

gradua l ly  reduced desp i te  a low i n i t i a l  serum cho les te ro l  l eve l .  The mean 

i n i t i a l  value f o r  serum t r i g l y c e r i d e s  was very low (71 mg %) and no d i s c e r n i b l e  

change occurred dur ing  the t r a i n i n g  per iod .  Values ranged f rom 50 mg % t o  

110 mg % throughout t h i s  pe r iod  w i t h  a f i n a l  va lue o f  64 mg %. 

Subject MW Age 56 Height 174.3 cm Weight 54.4 kg ( i n i t i a l )  
54.0 kg  ( f i n a l )  S t ra ted  t r a i n i n g  four months post  
h o s p i t a l i z a t i o n .  st his sub jec t  d i d  not  have a myocardial  
i n f a r c t i o n  however was h o s p i t a l  i zed  f o r  coronary i n s u f f  i ciency) 

Physical  work capac i ty  - Figure 10a 

This sub jec t  was p h y s i c a l l y  very weak and had considerable t r o u b l e  

completing the more strenuous work rates.  A f t e r  the ten  weeks o f  c y c l i c  

ergometry t r a i n i n g  h i s  PWC had increased 28.4 pe r  cent  (693 -f 890 kpm/min) 
1 70 

and h i s  PWC had i ncreased 26.3 pe r  cent  (802 -+ 10 10 kpm/mi n) . The change 
190 

t o  continuous r i d i n g  f o r  t h i r t y  minutes was very d i f f i c u l t  f o r  him,however, 

a f t e r  a pe r iod  o f  f ou r  weeks he cou ld  complete i t  q u i t e  e a s i l y .  By the  end 

o f  the ten weeks o f  continuous t r a i n i n g  h i s  PWC (1040 kpmjmin) had 
1 70 

increased a t o t a l  o f  50.1 per  cent above the  i n i t i a l  va lue and h i s  PWC 
190 

(1230 kpm/min) had increased by a t o t a l  of 53.8 per  cent.  Th is  sub jec t  was 

p h y s i c a l l y  capable o f  work, however, he cou ld  n o t  f i n d  employment. Th is  was 

a concern t o  him and i n  f a c t  he took an unsuccessful month's leave i n  an 

attempt t o  f i n d  employment. A f t e r  t h i s  month's leave h i s  work capaci ty  had 

decreased t o  the l eve l  achieved a f t e r  on l y  ten weeks o f  t r a i n i n g .  The month 

of continuous ergometry d i d  however increase h i s  PWC t o  some ex ten t .  He has 

now, a f t e r  another month o f  t r a i n i n g ,  reached the twenty week leve l  (not  

shown on the graph). 



.& 

FIGURE 10a. Subject MW. Graphs o f  physical work 
capacity, heart rate, cardiac output, 
stroke volume, lung function, body 
weight and serum lipids for the 24 
week rehabilitation period. 
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Heart r a t e  - F igure  10a 

F igure  10a shows the uneven reduct ion  o f  h e a r t  r a t e  up t o  week twenty. 

The increase i n  h e a r t  r a t e  f o r  equ iva len t  work t h a t  f o l l owed  t h i s  p e r i o d  

r e s u l t e d  from the f o u r  week break i n  t r a i n i n g .  The month o f  continuous 

t r a i n i n g ,  t h a t  fo l lowed,  again decreased i n  the hea r t  r a t e  a t  each t e s t i n g  

work ra te .  During the ten week p e r i o d  o f  c y c l  i c  ergometry t r a i n i n g  the 

t e s t i n g  work ra tes  were 300, 450 and 600 kpm/min. A f t e r  continuous t r a i n i n g  

the hea r t  r a t e  a t  these same work ra tes  was n o t  reached u n t i  1 they were now 

450, 600 and 750 kpm/min, respec t i ve l y .  Warm-up h e a r t  r a t e  was n o t  changed. 

Th is  sub jec t  experienced per iods  o f  angina, u s u a l l y  i n  the morning o r  

w h i l e  walk ing,  be fore  the onset of the  program and du r ing  the f i r s t  twelve 

weeks o f  t r a i n i n g ,  however, a f t e r  t h i s  t ime the angina had disappeared. 

Th is  was n a t u r a l l y  o f  g r e a t  b e n e f i t  t o  h im psycho log i ca l l y .  Dur ing h i s  

h o s p i t a l i z a t i o n ,  f o u r  months p r i o r  t o  t r a i n i n g ,  a coronary angiogram revealed 

I I sparse c e n t r a l  branches" and h i s  coronary a r t e r i e s  showed some a t h e r o s c l e r o t i c  

changes. 

Cardiac ou tpu t  and s t roke  volume - F igure  10a 

Warm-up-cardiac ou tpu t  ranged f rom 5.10 l /m in  t o  6.30 l /min du r ing  the 

twenty weeks o f  t r a i n i n g .  No cons i s ten t  change was apparent. The mean 

i n i t i a l  value was 5.10 l /min and a t  week twenty i t  was 5.42 l /min. The l a s t  

value a t  week twenty- four  was 6.20 l /min. Warm-up-stroke volume remained 

constant  ( i n i t i a l  70 m l  -+ f i n a l  69 m l )  and ranged between 69.0 m l  and 73.5 m l .  

During c y c l i c  t r a i n i n g  the card iac  ou tput  a t  600 kpm/min decreased (14.26 

l /min -f 12.01 l /min) . A t  750 kpm/min the card iac  ou tput  increased ( 1  1.40 

l /m in  + 13.97 l /min)  then decreased s l i g h t l y  (13.97 l /min -+ 13.06 l /min) 

u n t i  1 the l a s t  month of  continuous b i c y c l e  ergometry when a l a rge  decrease 



was observed (13.06 l /min -t 10.81 l/min) t o  a l e v e l  below the f i r s t  values 

f o r  750 kpm/min. Exerc ise-st roke volume d i d  n o t  increase s i g n i f i c a n t l y  

above the warm-up values. The s t roke  volume a t  600 kpm/min decreased dur ing  

the f i r s t  e i g h t  week pe r iod  (93.2 m l  -t 84 ml ) .  The s t roke  volume a t  750 

kpm/mi n f i rs  t showed a decrease then progress i ve l  y i ncreased up t o  week 

e ighteen (78.7 m l  -+ 96.1 m l ) .  From t h i s  p o i n t  a decrease occurred t o  below 

the f i r s t  values obta ined a t  t h i s  load (96.1 m l  + 72.2 m l ) .  

Respiratory gas exchange - Figure lob  

A t  a l l  t e s t  work ra tes  a decrease i n  v e n t i l a t i o n  took p lace u n t i l  the  

sub jec t ' s  f o u r  week absence a f t e r  week twenty. Exerc ise oxygen uptake values 

f o r  750 kpm/min decreased i n i t i a l l y  (2.40 1 -+ 2.26 1 )  and then remained 
* 

steady a t  2.2 1. A small decrease occurred i n  V02 values a t  bo th  450 and 

600 kpmlmin. Exercise-VC02 values decreased a t  a l l  work ra tes  (about 0.2 1 

f o r  a l l  loads) dur ing  the pe r iod  o f  t r a i n i n g .  Warm-up values f o r  V02 

increased s l i g h t l y  over the i n i t i a l  values w h i l e  VC02 remained constant. 

The R values f o r  the h igher  work ra tes  o f  600 and 750 kpm/min showed a 

decrease up t o  week twenty whereas no change was seen i n  R a t  the lower ra tes .  

Exercise oxygen pulse and v e n t i l a t i o n  equ iva len t  - Table 10 

Nei ther  o f  these parameters changed w i  t h  t r a i n i n g  i n  t e s t s  a t  300 and 

450 kpm/min. A small increase i n  oxygen pulse a f t e r  t r a i n i n g  occurred a t  

the h igher  work rates o f  600 and 750 kpm/min (0.0130 + 0.0166 l /beat  a t  

600 kpm/min and 0.0151 + 0.0172 l / bea t  a t  750 kpm/min). V e n t i l a t i o n  

equ iva lent  decreased dur ing  these t e s t s  from 30 t o  24 a t  600 kpm/min and 

from 34 t o  27 a t  750 kpm/min. A f t e r  f o u r  weeks absence from t r a i n i n g  an 

increased v e n t i l a t i o n  equ iva lent  and decreased oxygen pulse was observed. 



FIGURE l o b .  Subject MW. Graphs o f  r e s p i r a t o r y  
gas exchange, blood pressure and 
base excess f o r  the  24 week r e h a b i l i t a t i o n  
per iod . 
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Base excess and l a c t a t e  - F igure  lob and Table 7 and 12 

No cons i s ten t  changes occurred i n  r e s t i n g  o r  warm-up l e v e l s  i n  these 

parameters however t r a i n i n g  resu l ted  i n  lower exerc ise  l e v e l s  o f  metabol ic  

ac idos is .  The l a r g e s t  decrease occurred a t  the end of  cont inuous t r a i n i n g  

(BE -12.5 -t 7.6 meq/l, a t  750 kpm/min). The l e v e l  increased a f t e r  the f o u r  

week absence from t r a i n i n g .  However, t r a i n i n g  aga in  decreased the ac idos i s  

(BE -12.5 -t -11.2 meq/l a t  750 kpm/min). During c y c l i c  t r a i n i n g  a smal le r  

reduct ion'  i n  the pos t -exerc ise  ac idos i s  l e v e l  was observed (BE -9.1 -t -7.8 

Blood Dressure - F iaure  l ob  

Rest ing l e v e l s  o f  b lood pressure, both sys to1 i c and d ias to1 i c decreased - 
du r ing  the twenty week t r a i n i n g  per iod.  Exerc i  se-sys to1  i c va 1 ues decreased 

du r ing  t r a i n i n g .  The most continuous decrease occurred du r ing  continuous 

t r a i n i n g .  A small  reduc t ion  i n  exe rc i se -d ias to l  i c  pressure was a l s o  observed. 

Myocardial  oxygen demand - Table 14 

The myocardial  oxygen demand o r  tens ion- t ime index du r ing  warm-up 

decreased up t o  week e ighteen (10220 -+ 9000 mHg X HR) and then i ncreased 

again t o  the  i n i t i a l  value. During the e i g h t  weeks t h a t  600 kpm/min was the  

maximum work r a t e  the myocardial  oxygen demand decreased (22500 -t 19350 mmHg 

X HR) . The value f o r  750 kpm/min decreased up t o  week e ighteen (25800 -+ 

18330 mmHg X HR).  The a d d i t i o n a l  month o f  cont inuous t r a i n i n g  a f t e r  f o u r  

weeks o f  absence produced another decrease (24480 -t 22050 mmHg X HR, 750 kpm/ 

Lung f u n c t i o n  - F igure  10a 

This sub jec t  d i d  n o t  show any change i n  any o f  the lung f u n c t i o n  



parameters shown i n  f i g u r e  1Oa. 

Body weight and serum l i p i d s  - Figure 10a 

Body weight remai ned unchanged a1 though serum cho les te ro l  decreased up 

t o  the  f o u r t h  week o f  t r a i n i n g .  It then remained a t  t h i s  l e v e l  throughout 

the remaining twenty weeks (250 mg % -+ 177 mg %) .  A small increase occurred 

i n  t h i s  parameter as a r e s u l t  o f  f o u r  weeks absence from t r a i n i n g .  Serum 

t r i g l y c e r i d e  l eve ls  were "normal" when he s t a r t e d  t r a i n i n g  (126 mg %) and 

a decrease t o  80 mg % occurred by the end o f  continuous t r a i n i n g .  A f t e r  

f o u r  weeks absence from t r a i n i n g  the t r i g l y c e r i d e  l e v e l  increased once more 

t o  the i n i t i a l  l e v e l  and decreased again w i t h  the resumption o f  t r a i n i n g .  

" 
Group 2: Tra in ing :  Continuous Ergometry ( ten weeks), C y c l i c  Ergometry 

( ten weeks), Continuous Ergometry ( four  weeks) ; f i v e  
times per  week, t h i r t y  minutes per  day. 

Subject IB Age 45 years Height 176.5 cm Weight 84.6 kg ( i n i t i a l )  
83.5 kg ( f i n a l )  S ta r ted  t r a i n i n g  f o u r  months post  i n f a r c t i o n  

Physical  work capaci ty  - Figure l l a  

This sub jec t  had a mean i n i  t i  a1 PWC o f  860 kpm/mi n and a PWC o f  
170 190 

1055 kpm/min. A f t e r  the ten  weeks o f  continuous b i c y c l e  ergometry t r a i n i n g  

hisPWC increasedto11OOkpm/min ( 2 7 . 9 p e r c e n t a b o v e i n i t i a l  v a l u e a n d  
170 

h i s  PWClgO increased t o  1290 kpm/min (22.3 per  cent ) .  The change t o  the 

c y c l i c  t r a i n i n g  resu l ted  i n  on ly  a marginal increase i n  h i s  work capaci ty .  

The r a t e  of improvement dec l ined and i n  f a c t ,  h i s  work capac i ty  decreased a t  

the e ighteenth week. By week twenty h i s  PWC had increased a t o t a l  o f  
170 

30.8 per  cent above the i n i t i a l  value (425 kpm/min) and h i s  PWC had 
190 

increased 27.0 per  cent (1340 kpm/min) . A f t e r  a f o u r  week absence from 



FIGURE lla. Subject IB. Graphs of physical work 
capacity, heart rate, cardiac output, 
stroke volume, lung function, body 
weight and serum lipids for the 24 
week rehabilitation period. 
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96 
t r a i n i n g  a  change back t o  cont inuous t r a i n i n g  increased h i s  PWC t o  1150 

170 

kpm/rnin ( t o t a l  increase above i n i t i a l  33.7 per  cent )  and h i s  PWC t o  1360 
190 

kpm/min (29 per cen t ) .  

Heart r a t e  - F igure  l l a  

Three exe rc i se  t e s t s  a t  300, 450 and 600 kpm/min, l a t e r  conducted a t  

450, 600 and 750 kpm/min, a f t e r  cont inuous t r a i n i n g ,  i nd i ca ted  a  comparat ive ly  

f avo rab le  response t o  the  l a t t e r  type o f  t r a i n i n g  by a  decrease o f  hear t  

r a t e  observed i n  a l l  the  sub jec ts  o f  Group 1.  During c y c l i c  t r a i n i n g  t h i s  

r a t e  o f  reduc t ion  i n  hear t  r a t e  was s u b s t a n t i a l l y  decreased and i n  f a c t  an 

increase was observed i n  t h i s  parameter a f t e r  week s ix teen.  Dur ing t h i s  

p e r i o d  t h e  sub jec t  cou ld  success fu l l y  complete a  f i n a l  s i x  minutes o f  

exe rc i se  a t  830 kpm/min compared t o  750 kpm/min p rev ious l y .  There was no 

decrement i n  the  hea r t  r a t e  a t  t h i s  l e v e l  o f  exerc ise .  However, t he  f i n a l  

month of  cont inuous t r a i n i n g  lowered the  hea r t  r a t e  response t o  exerc ise  

a t  t h i s  work ra te .  Warm-up hea r t  r a t e ,  shown i n  F igure  l l a ,  showed a  

steady decl  i ne (85 -t 77 b/mi n) . 

Cardiac ou tput  and s t roke  volume - F igure  l l a  

Warm-up ca rd iac  ou tput  measured du r ing  cont inuous t r a i n i n g  ( t e n  weeks) 

decreased g r e a t l y  (6.71 + 4.70 l /m in ) .  No f u r t h e r  decrease occurred 

a f t e r  t h i s .  A f t e r  the  f o u r  week absence f rom t r a i n i n g  and f o l l o w i n g  a  

months cont inuous t r a i n i n g  a  small increase was observed (5.00 + 5.62 l /m in ) .  

The s t roke  volume, du r ing  the  warm-up phase o f  t e s t i n g ,  decreased up t o  week 

ten  (79.0 + 61.1 m l ) .  A small increase occurred a f t e r  t en  weeks f u r t h e r  

t r a i n i n g  by b i c y c l e  ergometry (61.1 + 66.0 m l ) .  Exerc ise-card iac output  

and s t r o k e  volume values showed a  decrease throughout the  t r a i n i n g  



program. The l a r g e s t  increase i n  card iac  ou tpu t  a t  t he  830 kpm/min occurred 

a f t e r  the  f i n a l  month o f  t r a i n i n g  by continuous t r a i n i n g  (13.30 l /min -t 12.16 

l / m i  n) . 

Respi r a t o r y  gas exchange - Figure I l b  

Exerci  se-vent i  l a t i o n  showed an e a r l y  l a rge  decrease f o r  a1 1 work ra tes  

(300, 450 and 600 kpm/min) and then showed a s l  i g h t  decrease up t o  the  

middle o f  c y c l i c  t r a i n i n g  when an increase occurred. The f i n a l  month o f  

continuous t r a i n i n g  resu l ted  i n  a la rge decrease i n  v e n t i l a t i o n  f o r  a l l  work 

ra tes  (450, 600 and 830 kpm/min). Exerc ise values f o r  VO and VCO decreased 
2 2 

again fo l l ow ing  the p a t t e r n  shown w i t h  the  v e n t i l a t i o n .  Carbon d iox ide  

e l i m i n a t i o n  f o r  any p a r t i c u l a r  work r a t e  showed the l a r g e s t  decrease 
t 

(approximately 0.25 1 f o r  any load). Values f o r  the resp i  r a t o r y  exchange 

r a t i o  decreased up t o  week four teen and then increased u n t i l  the s t a r t  o f  

the  f i n a l  month o f  continuous t r a i n i n g  when a decrease occurred. 

Exercise oxygen pulse and v e n t i l a t i o n  equ iva len t  - Table 10 

During tests a t  300 kpm/min the oxygen pu lse  remained unchanged (0.0103 

l/bea t )  whereas the  vent i l a t i o n  equ iva len t  decreased consi derably (33 + 23). 

Oxygen pulse increased w i t h  t r a i n i n g  dur ing  work ra tes  o f  450 and 600 kpm/min 

(0.0106 + 0.0133 ] /beat  a t  450 kpm/min and 0.0113 + 0.0149 l / bea t  a t  600 kpm/ 

min).  V e n t i l a t i o n  equ iva lent  decreased considerably a t  450 kpm/min (35 + 21) 

but  was unchanged a t  600 kpm/min. A t  the  h ighes t  work r a t e  o f  830 kpm/min 

the oxygen pulse gradual l y  decreased (0.0160 + 0.01 45 l / bea t )  and ven t i  l a t  i on  

equ iva lent  s l i g h t l y  increased (27 + 30). A f t e r  n o t  t r a i n i n g  f o r  a per iod,  

the O2 pulse increased t o  0.0162 ] /beat,  the l e v e l  o f  the i n i t i a l  t e s t ,  and 

the v e n t i l a t i o n  equ iva lent  decreased t o  25. Thus, absence from t r a i n i n g  i n  



- 
FIGURE llb. Subject IB. Graphs of respiratory 

gas exchange, blood pressure and 
base excess for the 24 week rehabilitation 
per i od . 
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t h i s  sub jec t  r e s u l t e d  i n  less oxygen e x t r a c t e d  per  h e a r t  beat  and increased 

v e n t i l a t i o n  per  u n i t  o f  oxygen taken up a t  a l l  work rates.  

Base excess and l a c t a t e  - Figure 1 l b  and Tables 7 and 12 

Warm-up base excess and l a c t a t e  values decreased w i t h  t r a i n i n g  (BE -5.0 

+ -2.0 meq/l, La 11.6 -+ 5.0 mg %) as compared t o  the  i n i t i a l  t es ts .  Exercise 

values d i d  n o t  change u n t i l  the l a s t  weeks o f  the continuous t r a i n i n g  method. 

An increase occurred dur ing  ten  weeks of t h e  c y c l i c  t r a i n i n g  and a la rge  

decrease occurred du r ing  the l a s t  month o f  the  continuous t r a i n i n g .  

Blood pressure - F igure  l l b  

Rest ing s y s t o l i c  pressure remained constant  (140 mm~g) up t o  week 

four teen and then decreased (130 mmHg). A f t e r  f o u r  weeks absence from 

t r a i n i n g  the s y s t o l i c  pressure had increased t o  160 mmHg. Rest ing d i a s t o l i c  

pressure gradual l y  decreased up t o  week e i  gh teen (100 mmHg + 80 mm~g) , however, 

t h i s  increased t o  130 mnHg a f t e r  absence from t r a i n i n g .  Exercise values f o r  

both d i a s t o l i c  and s y s t o l i c  b lood pressure remained constant  o r  showed a small  

decrease dur ing  the  p e r i o d  o f  continuous t r a i n i n g ,  however, sys to l  i c b lood 

pressure increased dur ing  c y c l i c  t r a i n i n g .  During the f i n a l  month o f  

continuous t r a i n i n g  a s l i g h t  f u r t h e r  increase i n  b lood pressure occurred. 

Myocardial oxygen demand - Table 14 

Warm-up values f o r  myocardial  oxygen demand decreased up t o  the  twen t ie th  

week (11900 +9424 mmHg X HR) .  A f t e r  no t  t r a i n i n g  f o r  a pe r iod  t h i s  value 

increased t o  11840 mmHg X HR and increased again a f t e r  the f i n a l  month o f  

continuous t r a i n i n g  (12750 mmHg X HR). Exercise values f i r s t  remained 

constant and then decreased dur ing  the ten weeks pe r iod  o f  continuous t r a i n i n g  

(19775 -+ 21250 rnmHg X HR a t  450 kpm/min; 23120 -t 20640 mmHg X HR a t  600 kpm/min 



and 22842 -+ 21 120 

the pe r iod  o f  cyc 

no t r a i n i n g  t h i s  

increase occurred 

mmHg X HR a t  750 kpm/min) . An increase occurred throughout 

1 i c  t r a i n i n g  (22050 + 25920 mHg X HR, 830 kpm/min) . A f t e r  

increased t o  2735'~. mmHg X HR (830 kpm/min) and a f u r t h e r  

dur ing  the f i n a l  month o f  t r a i n i n g  (30240 mmHg X HR). 

Lung func t ion  - Figure l l a  

Rest ing t i d a l  volume increased du r ing  the l a s t  p a r t  of h i s  t r a i n i n g  

w h i l e  the r e s t i n g  r e s p i r a t o r y  r a t e  decreased s l i g h t l y .  V i t a l  capac i ty  d i d  

n o t  change (4.65 1) however h i s  FEVl showed an increase (3.5 1 + 3.93 1). 

Body weight  and serum 1 i p i d s  - Figure l l a  

Body weight showed a small decrease (84.6 kg + 83.5 kg) . The serum 

cho les te ro l  values were i n i t i a l l y  very h igh  (420 mg %) and a f t e r  twelve 

weeks o f  t r a i n i n g  t h i s  had decreased t o  351 mg %, however, a f t e r  another 

s i x  weeks o f  c y c l i c  t r a i n i n g  t h i s  had increased t o  the  i n i t i a l  l e v e l  (420 

mg %). During the  f i n a l  month o f  t r a i n i n g  t h i s  value decreased again 

(385 mg %). Serum t r i g l y c e r i d e  l eve ls  d i d  no t  change over the twenty- four  

week pe r iod  (500 mg %); small increases occurred dur ing  t h i s  t ime. 

Subject DB Age 34 Height 184.6 cm Weight 80.3 kg ( i n i t i a l )  
68.7 kg ( f i n a l )  S ta r ted  t r a i n i n g  seven months post  i n f a r c t i o n  

Physical  work capac i ty  - Figure 12a 

The mean i n i t i a l  PWC was 760 kpm/min and the PWC was 900 kpm/min. 
1 70 190 

A f t e r  ten  weeks o f  continuous t r a i n i n g  h i s  PWC increased 50 per  cent  
170 

(1 140 kpm/mi n) and h i s  PWC increased 46.7 per cent (1 320 kpm/mi n) . The 
190 

pe r iod  o f  c y c l i c  t r a i n i n g  s l i g h t l y  decreased both h i s  PWC t o  1125 kpm/min 
1 70 

and h i s  PWC t o  1300 kpm/mi n. During the f i n a l  month o f  continuous t r a i n i n g  
190 



. 
FIGURE 12a. Subject DB. Graphs o f  phys ica l  work 

capac i ty ,  hear t  r a t e ,  card iac  output ,  
s t roke  volume, lung func t i on ,  body 
weight  and serum l i p i d s  f o r  t he  24 
week rehabi  1 i t a t  ion per iod .  
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a t o t a l  i n c r e a s e a b o v e t h e  i n i t i a l  PWC (1290kpm/min) v a l u e o f 6 9 . 8 p e r  
1 70 

cent and 67.8 per  cent above the i n i t i a l  PWC value (1510 kpm/min) was 
190 

observed. 

Heart r a t e  - Figure 12a 

The decrease o f  the t e s t  hea r t  r a t e  f o r  a1 1 work loads i s  shown i n  

Figure 12a. The r a t e  o f  decrease i s  l a r g e r  i n  the  f i r s t  ten weeks o f  t r a i n i n g .  

During c y c l i c  t r a i n i n g  on ly  a small  improvement was noted and i n  f a c t  the hear t  

r a t e  increased a t  600 kpm/min. During the f i n a l  month o f  continuous t r a i n i n g  

an improvement occurred e s p e c i a l l y  i n  the h e a r t  r a t e  response a t  the h igher  

work r a t e  o f  975 kpm/mi n . The t e s t  work ra tes  du r i  ng the f i rs  t ten  weeks 

(continuous t r a i n i n g )  were 300, 600 and 750 kpm/min and l a t e r  450, 600 and 
* 

900 kpm/min. During the pe r iod  o f  c y c l i c  t r a i n i n g  these increased t o  600, 

750 and 975 kpm/mi n, respec t i ve l y .  Warm-up and r e s t i n g  h e a r t  r a t e  decreased 

considerably over the twenty- four  week pe r iod  (warm-up 80 -+ 50 b/min). 

P r i o r  t o  t h e  s t a r t  o f  t r a i n i n g  t h i s  sub jec t  had coronary angiograms 

taken which revealed a thrombosis o f  one o f  the secondary branches o f  the  

l e f t  coronary a r t e r y .  Post t r a i n i n g  angiograms were t o  be performed on t h i s  

sub jec t ,  however, the h o s p i t a l  board would no t  pe rm i t  them t o  be done because 

o f  the poss ib le  r i s k .  His increased work capac i ty  and hear t  r a t e  response 

p lus  h i s  weight  loss has had a pronounced e f f e c t  on h i s  ou t look  on l i f e .  

Cardiac output  and s t roke  volume - Figure 12a 

Warm-up-cardiac output  decreased up t o  week twelve (6.44 -+ 5.23 l /min) 

and then remained a t  t h i s  l e v e l .  Warm-up-stroke volume remained steady u n t i l  

week s i x ,  then increased together  w i t h  decreasing h e a r t  r a t e  (80.5 -+ 101 m l ,  

week twenty- four)  . Exerci  se-cardi ac output  decreased throughout the twenty- 



f o u r  week pe r iod  w i t h  the  l a rges t  change occu r r i ng  dur ing  the  per iods o f  

the continuous type o f  t r a i n i n g  (19.25 -t 15.51 l /min a t  750 kpm/rnin; 15.85 

-+ 14.95 l /min a t  900 kpm/min and 17.04 l /min a t  975 kpm/min). A t  the end 

o f  the program the exerc ise-card iac  output  f o r  the 975 kpm/min load was 

1 w e r  than the  750 kpm/min load a f t e r  e i g h t  weeks o f  t r a i n i n g .  Exercise- 

s t roke volume showed a  small  decrease a t  a l l  loads, again the most cons is ten t  

changes occurred dur ing  the continuous pe r iod  a1 though the loads were n o t  as 

strenuous (750 as compared wi t h  900 kpm/min) . 

Respi r a t o r y  gas exchange - Figure 12b 

V e n t i l a t i o n  decreased f o r  a1 1 work ra tes  throughout the t r a i n i n g  per iod.  

The l a r g e s t  decrements occurred e a r l y  i n  t r a i n i n g  (weeks zero t o  ten) .  
I 

Exercise values f o r  VO and VCO dur ing  these t e s t s  decreased up t o  week 
2  - 2  

s i x teen  and remained constant t h e r e a f t e r  u n t i l  the  l a s t  month o f  the 

continuous t r a i n i n g  when a  f u r t h e r  small  decrease occurred a t  600 and 750 

kpm/min. The o v e r a l l  decrease i n  VC02 a t  600 and 750 kpm/min was 0.45 l/min. 

Associated wi t h  these changes i n  V02 and VCO was a  decrease i n  the  exerc ise-  
2 

R values u n t i  1  week e ighteen when an increase occurred. A t  every work r a t e  

the R value again decreased dur ing  the  f i n a l  month o f  continuous t r a i n i n g .  

Exercise oxygen pulse and v e n t i l a t i o n  equ iva len t  - Table 10 

Pulmonary vent i l a t i o n ,  oxygen uptake and h e a r t  ra te ,  a1 1 decreased f o r  

a  standard work r a t e  w i t h  t r a i n i n g .  The r a t i o s  o f  oxygen pulse and v e n t i l a t i o n  

equ iva lent  show how v e n t i l a t i o n  and hear t  r a t e  r e l a t e  t o  oxygen uptake. For 

t h i s  sub jec t ,  t r a i n i n g  resu l ted  i n  a  considerable increase i n  oxygen pulse a t  

a l l  work ra tes  used i n  h i s  phys io log i ca l  eva luat ion .  I n i t i a l  and f i n a l  values 

f o r  oxygen pulse a t  s p e c i f i c  work ra tes  were: 0.0121 -t 0.0164 l /beat ,  a t  300 



. 
FIGURE 12b. Subject DB. Graphs of respiratory 

gas exchange, blood pressure and 
' base excess for the 24 week rehabilitation 

period. 
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750 kpm/min; 0.0145 -+ 0.0180 l / bea t  a t  900 kpm/min and 0.0158 -+ 0.0187 ] /beat 

a t  975 kprn/min. An increase i n  pulmonary v e n t i l a t i o n  e f f i c i e n c y  was thus 

i nd i ca ted  by gradua l ly  decreasing values f o r  v e n t i  l a t i o n  f o r  equ iva lent  work. 

The reduct ion  was most apparent a t  lower ra tes  (25 -+ 21 a t  300 kpm/min and 

Base excess and l a c t a t e  - Figure 12b and Tables 7 and 12 

Rest ing and warm-up values o f  base excess (-2.5 -+ -1.5 meq/l) and l a c t a t e  

(12.7 -+ 7.0 mg %) decreased up t o  week twelve, then increased up t o  week 

e ighteen (BE -2.0 meq/l , La 9.0 mg %) and decreased once again by the end o f  

the  program (BE -0.3 meq/l , La 3.0 mg %). Exerc ise values f o r  t he  var ious  
* 

work ra tes  decreased up t o  week eighteen, increased dur ing  the next  f o u r  weeks, 

then decreased again dur ing  the l a s t  two weeks o f  continuous t r a i n i n g .  The 

l e v e l s  o f  metabol i c  ac idos i s  a t  the 900 ( f i n a l  l a c t a t e  42.3 mg %) and 975 kpm/ 

min ( f i n a l  l a c t a t e  15.0 mg %) work ra tes  were comparable t o  those p rev ious l y  

found a t  750 kpm/min. 

Blood pressure - Figure 12b 

Rest ing d i a s t o l i c  b lood pressure decreased considerably throughout the  

program (86 -+ 60 mm~g) . The s y s t o l  i c pres;ure showed a small  decrease o v e r a l l  

( 1  17 -+ 100 m m ~ ~ )  a1 though an increase d i d  occur on th ree occasions. Exercise- 

d i a s t o l i c  pressure decreased a t  750 and 975 kpm/min. The e x e r c i s e - s y s t o l i c  

pressure remained q u i t e  constant  a t  750 and 900 kpm/min, however, a t  975 kpm/ 

min a l a rge  decrease (200 -+ 148 mmHg) occurred. 

Myocardial  oxygen demand - Table 14 

The mean i n i t i a l  warm-up value f o r  myocardial  oxygen demand was 8779 mmHg 



X HR and by the  ten th  week t h i s  had decreased t o  6696 mmHg X HR. An increase 

occurred a t  weeks twelve and four teen (8300 mmHg X HR) , however, i t  returned 

t o  a value o f  6200 mmHg X HR f o r  the remainder of the t r a i n i n g  per iod.  Exerc ise 

values a t  the 750 and 900 kpm/min decreased s l  i g h t l y  (20815 -+ 19140 mmHg X HR 

a t  750 kpm/min and 20720 -t 20306 mmHg X HR a t  900 kpm/min). Values a t  975 kpm/ 

m i  n were reduced (32200 -+ 21 164 mmHg X HR) . 

Lung func't ion - Figure 12a 

The respi  r a t o r y  r a t e  decreased s i g n i f i c a n t l y  dur ing  twenty-four weeks o f  

t r a i n i n g  (25 -+ 15 b/min). ~ e s t i n g - t i d a l  volume remained q u i t e  constant  as 

d i d  v i t a l  capac i ty  (5.29 -+ 5.40 1). An increase occurred i n  the values f o r  

Body weight and serum l i p i d s  - Figure 12a and Tables 7 and 12 

The weight  o f  t h i s  sub jec t  decreased g r e a t l y  (80.3 -t 68.7 kg). Serum 

cho les te ro l  a l s o  showed a concomitant l a rge  decrease (302 -t 145 mg %) as d i d  

serum t r i g l y c e r i d e  l eve ls  (275 + 89 mg %).  This sub jec t  showed the  la rges t  

decreases i n  body weight  and serum l i p i d  o f  a l l  the  subjects.  

Subject FC Age 51 years Height 172.0 cm Weight 72.5 kg ( i n i t i a l )  
68.6 kg ( f i n a l )  S ta r ted  t r a i n i n g  f i v e  months post  i n f a r c t i o n  

Physical work capac i ty  - Figure 13a 

Based on the th ree i n i t i a l  eva luat ion  tes ts  t h i s  sub jec t  had a mean 

PWC 170 
o f  698 kpm/min and a PWC o f  867 kpm/min. A f t e r  ten weeks o f  

190 

continuous t r a i n i n g h i s P W C  increased26.1  p e r c e n t  (880kpm/min)and 
1 70 

h i s  PWC increased 21.1 per  cent (1050 kpm/min) above the  i n i t i a l  leve ls .  
190 

The o r i g i n a l  t es ts  were a t  work ra tes  o f  300, 450 and 600 kpm/min. During 



t 

FIGURE 13a. Subject  FC. Graphs o f  physical  work 
capac i ty ,  hea r t  r a t e ,  card iac  output ,  
s t roke  volume, l ung  func t i on ,  body 
weight  and serum l i p i d s  f o r  the  24 
week rehab i l  i t a t  ion per iod .  
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c y c l i c  t r a i n i n g  h i s  PWC (925 kpm/min) and PWC (1100 kpm/min) were 
1 70 190 

maintained f o r  a month bu t  they then decreased, the  PWC t o  
1 70 

and the PWC t o  980 kpm/min. These l a t t e r  eva lua t ion  t e s t s  
190 

t e s t  work ra tes  o f  450, 600 and 750 kpm/min. During the f ina  

were based on 

1 month o f  

continuous t r a i n i n g  h i s  PWC 
170 increased t o  1040 kpm/min (a t o t a l  increase 

o f  4 8 . 6 p e r c e n t  abovemean i n i t i a l  l e v e l )  andh isPWC again increased 
190 

t o  1230 kpm/min ( a t o t a l  increase o f  41.4 per  cent  above the i n i t i a l  mean 

l e v e l ) .  

Heart r a t e  - Figure 13a 

This sub jec t  developed severe angina i n  h i s  i n i t i a l  eva lua t ion  t e s t s  a t  

a h e a r t  r a t e  o f  150 b/min and the tes ts  were terminated there.  A f t e r  e i g h t  

weeks of t r a i n i n g  no f u r t h e r  angina occurred du r ing  t r a i n i n g  o r  eva lua t ion  

tes ts  . 
Figure 13a shows the  hear t  r a t e  decrements f o r  standard work ra tes  up 

t o  week s ix teen.  During the l a s t  s i x  weeks o f  c y c l i c  t r a i n i n g  the hear t  r a t e  

increased a t  a1 1 work ra tes  u n t i  1  t r a i n i n g  was changed t o  the  continuous 

method, when once more the  h e a r t  r a t e  again decreased. Warm-up r a t e  remained 

constant a t  an average o f  88 b/min (range 80-109 b/min) . 

Cardiac output  and s t roke  volume - Figure 13a 

Warm-up card iac  output  d i d  no t  change cons 

week exerc ise  pe r iod  ( i n i t i a l  5.03 l /min, f i n a l  

i s t e n t l y  dur 

5.06 l /min) 

ing  the twenty- four  

. Stroke volume 

dur ing warm-up va r ied  between 50 and 60 m l  however no general t rend was 

apparent. During s i x  weeks continuous t r a i n i n g  the card iac  output  f o r  600 

kpm/min decreased from 13.07 t o  11.70 l /min. The card iac  output  a t  750 kpm/min 

d i d  n o t  change dur ing  the f i n a l  f o u r  weeks o f  continuous t r a i n i n g  o r  the ten 
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weeks o f  c y c l i c  t r a i n i n g .  However, once t r a i n i n g  was changed back t o  the  

continuous ergometry f o r  a month a l a rge  decrease occurred (16.30 + 10.64 

l/min, 750 kpm/min) . Exerc ise-st roke volume remained constant  f o r  a 

standard work r a t e  u n t i l  the l a s t  month of the continuous t r a i n i n g  when a 

l a rge  decrease occurred (100 + 76 m l  a t  750 k ~ d m i n ) .  

Respiratory gas exchange - Figure 13b 

Venti  l a t i o n  decreased f o r  equ iva len t  work ra tes  dur ing  ten  weeks and 

then remained q u i t e  constant.  Exerc ise values f o r  VO and VCO decreased 
2 2 

s t e a d i l y  throughout the t r a i n i n g  per iod.  The l a r g e s t  decrease occurred i n  

VC02 (mean decrease 0.36 l /min) . The exercise-R values increased a t  the 

second week, however, a decrease fo l lowed up t o  week e i g h t .  The R va lue 
* 

remained constant f o r  t he  750 kpm/min t e s t s  b u t  an increase occurred f o r  
r 

the  two lower work ra tes  f o r  s i x  weeks a f t e r  which a l a rge  decrease occurred 

f o r  a1 1 work rates.  

Exercise oxygen pulse and v e n t i l a t i o n  equ iva lent  - Table 10 

T r a i n i n g  d i d  n o t  appear t o  change the exerc ise  values f o r  oxygen pulse 

o r  v e n t i l a t i o n  equ iva lent .  During the pe r iod  of c y c l i c  t r a i n i n g  the oxygen 

pulse values were q u i t e  v a r i a b l e  due t o  a v a r i a b l e  h e a r t  r a t e  response b u t  a 

decrease was noted i n  i t  f o r  a1 1 work ra tes  between weeks s i x teen  t o  twenty- 

two. The f i n a l  month o f  continuous t r a i n i n g  increased these values t o  the 

values before  the  s t a r t  o f  c y c l i c  t r a i n i n g .  However, t r a i n i n g  d i d  decrease 

pulmonary v e n t i l a t i o n ,  oxygen uptake and carbon d iox ide  e l i m i n a t i o n  f o r  a 

standard work ra te .  

Base excess and l a c t a t e  - Figure 13b and Tables 7 and 12 

Warm-up and r e s t i n g  base excess (BE) and l a c t a t e  (La) values showed a 



FIGURE 13b. Subject FC. Graphs o f  r e s p i r a t o r y  
gas* exchange, blood pressure and 
base excess for  the  24 week rehabi l  i t a t  ion 
per iod .  



3ot pl . OXYGEN U P T A Y E  
man ST PO V'TIME F,c 

2.6 f 

\ i ~  P / , i n s ~ ~ o  VENTILATION vS  T IME 

. 

R E S P I R A T O R Y  HATLO 
V S  TlME 

W A R M  U P  

0 ' 

0.P.mm BLOOD PRESSURE V'TIME 
ZOO ) *9 I. 

AS€ EXCESS V S T I M E  

, +: [x:Gl 
0 2 4 L ti I0 12 14 I 6  18 2 0  2 2  24 26 

T R A I N I N G  TlME - Weeks 



decrease from the i n i t i a l  values (BE -4.0 + -2.5 meq/ 

A progress ive ly  lower exerc ise  metabol ic  ac idos is  was 

t e s t  l eve ls  were achieved a f t e r  continuous t r a i n i n g .  

116 

1, La 10.4 + 6.0 mg %). 

observed. The lowest 

Blood pressure - Figure 13b 

Res t ing -sys to l i c  b lood pressure decreased du r ing  the t r a i n i n g  program. 

Dur i ng the ten weeks o f  cont i nuous t r a i  n  i ng i t had decreased f rom 150 mmHg 

t o  130 mHg, however, i t  had increased t o  the  i n i t i a l  l e v e l  once again by 

the end o f  c y c l i c  t r a i n i n g .  Once continuous t r a i n i n g  was again employed, 

however, the res t i ng -sys to l  i c  b lood pressure was decreased t o  128 mmHg. 

Rest ing-d ias to l  i c  pressure fo l lowed a  s i m i l a r  pa t te rn ,  i n i t i a l l y  a  decrease 

from 106 mmHg t o  70 mmHg , f o l  lowed by an increase t o  98 mmHg and f i n a l  l y  a  
* 

decrease t o  88 mmHg. 
6 

Exerc i se -sys to l i c  b lood pressure showed a  decrease w i t h  continuous 

t r a i n i n g  which was maintained a t  t h i s  l e v e l ,  except f o r  an increase a t  week 

eighteen. Exe rc i se -d ias to l i c  pressure increased s l i g h t l y  dur ing  the  pe r iod  

o f  cyc l  i c  t r a  i n i ng and decreased dur ing  the con t i nuous t r a i  n  i ng. 

Myocardial oxygen demand - Table 14 

Warm-up myocardial oxygen demand decreased from an i n i t i a l  value o f  

12700 mmHg X HR t o  10496 mmHg X HR a t  the  end o f  a l l  t r a i n i n g .  During the 

f i r s t  s i x  weeks o f  t r a i n i n g  the myocardial oxygen demand a t  a  work r a t e  o f  

600 kpm/min decreased from 27300 t o  20700 mmHg X HR. The value a t  750 kpm/ 

m i  n  d i  d  not change un t i 1 the t r a i n i n g  was changed i n  the l a s t  month t o  the 

cont i nuous sy t l e  (29000-23800 mmHg X HR) . 

Lung func t i on  - Figure 13a 

No change occurred i n  r e s t  i ng- t i  dal vo l  ume and respi  r a t o r y  r a t e  dur ing  , 



the twenty- four  week 

increased i n  the ear  

t r a i n i n g  per iod .  

l y  p a r t  o f  the t r a  

Both v i t a l  capac i ty  and FEV values 
1 

i n i n g  and then remained a t  t h i s  l eve l  

throughout (3.77-4.06 1,  v i t a l  capac i ty  and 2.30-2.50 1, FEV] ) .  

Bodyweight  and serum l i p i d s  - Figure 13a 

Body weight decreased from 72.6 kg t o  68.6 kg  dur ing  the t r a i n i n g  

period. Serum cho les te ro l  decreased from 235 mg % t o  207 mg % ( l a r g e s t  

decrease occurred i n  the l a s t  month o f  continuous t r a i n i n g )  and serum 

t r i g l y c e r i d e  l eve ls  decreased i n  the  f i r s t  ten weeks from 140 mg % t o  109 

rng % bu t  increased du r ing  the' pe r iod  of c y c l i c  t r a i n i n g  t o  121 mg %. The 

f i n a l  month o f  continuous t r a i n i n g  f a i l e d  t o  decrease serum t r i g l y c e r i d e  

again ( f i n a l  value i n  f a c t  was 151 mg %). 
*I 

2 

Subject HC Age 55 Height  169.8 cm Weight 73.5 kg ( i n i t i a l )  
72.8 kg  ( f i n a l )  S ta r ted  t r a i n i n g  f i v e  months post  i n f a r c t i o n  

Physical work capac i ty  - F igure  14a 

This sub jec t  increased h i s  PWC from an i n i t i a l  value o f  647 kpm/min 
1 70 

t o  1075 kpm/mi n (66.1 per  cent) and h i s  PWC from 750 kpm/mi n t o  1300 kpm/ 
190 

min (73.3 per  cent)  a f t e r  ten  weeks continuous b i c y c l e  ergometry t r a i n i n g .  

No fu r ther  increase occurred a f t e r  the ten weeks o f  cyc l  i c  b i c y c l e  t r a i n i n g .  

The th ree work ra tes  used i n  the eva lua t ion  o f  the l a t t e r  were the  same as 

dur ing  the tes ts  o f  continuous t r a i n i n g  which was r e s t a r t e d  a f t e r  c y c l i c  

t r a i n i n g  f in ished.  The r e t u r n  t o  continuous t r a i n i n g  dur ing  the l a s t  month 

o f  the program r e s u l t e d  i n  a l a rge  increase i n  both PWC and PWC190. 
1 70 

The 

s u b j e c t ' s  PWC increased t o  1300 kpm/min a t o t a l  increase above i n i t i a l  
170 

of 102 per  cent)  and h i s  PWC increased t o  1570 kpm/min (a t o t a l  increase 
190 



FIGURE 14a. Subject HC. Graphs of phys ica l  work 
capac i ty ,  hea r t  ra te ,  card iac  output ,  
s t roke  volume, l ung  func t i on ,  body 
weight  and serum l i p i d s  f o r  t he  24 
week r e h a b i l i t a t i o n  per iod .  
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o f  109.3 per cent) .  

Heart r a t e  - Figure 14a 

Figure 14a shows the la rge decrement i n  h e a r t  r a t e  f o r  a l l  work rates 

u n t i l  week ten (end o f  continuous t r a i n i n g )  a f t e r  which no f u r t h e r  decrease 

occurred. The f i n a l  month of continuous t r a i n i n g  however r e s u l t e d  i n  a 

f u r t h e r  reduct ion. During t h i s  t ime the sub jec t  completed a t e s t  a t  830 

kpm/min w i t h  a heart  r a t e  s imi  l a r  t o  t h a t  which occurred 450 kpm/min i n  the 

i n i t i a l  t es ts .  Warm-up hear t  r a t e  s t e a d i l y  decreased, up t o  week ten (99 

+ 76 b/min) and then remained q u i t e  constant  a t  t h i s  l e v e l .  

Cardiac output  and s t roke  volume - Figure 14a 

Warm-up-cardiac output  d i d  not  change w i t h  t r a i n i n g  and warm-up-stroke 

volume increased (57 + 77 m l )  w i t h  the  decreasing h e a r t  rate.  The increase 

o f  warm-up-stroke volume stopped a t  week ten. During the f i r s t  twelve weeks 

o f  r e h a b i l i t a t i o n  the  exerc ise-cardiac output  a t  a standard work r a t e  decreased 

considerably (18.80 + 13.80 l /min a t  600 kpm/min; 17.24 -t 14.36 l /min a t  750 

kpm/min). During the remaining time o f  c y c l i c  t r a i n i n g  exerc ise-card iac  

output  increased s l i g h t l y  (14.36 + 16.00 l /min a t  750 kpm/min). A decrease 

i n  t h i s  parameter occurred dur ing  the f i n a l  month o f  continuous t r a i n i n g .  

Exerc ise-st roke volume, decreased up t o  week twelve (1  16 -+ 99 m l  a t  600 kpm/ 

min; 11  3 -t 98 m l  a t  750 kpm/min) and then increased (98 + 113 m l  , 750 kpm/mi n) 

up t o  week twenty. 

Respiratory gas exchange - Figure 14b 

Exerc i se -ven t i l a t i on  dur ing i n i t i a l  eva lua t ion  decreased considerably 

f o r  a1 1 work ra tes  up t o  week ten and then remained constant  u n t i  1 week 

twenty-two a f t e r  which a small decrease occurred. For a standard work ra te ,  



FIGURE 14b. Subject HC. Graphs of respiratory 
gas exchange, blood pressure and 
base excess for the 24 week rehabi 1 i tat ion 
period . 
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exerc ise  values f o r  VO and VC02 decreased up t o  week ten, remained constant 
2 

i n  c y c l i c  t r a i n i n g  and decreased again w i t h  the change of t r a i n i n g  back t o  

the continuous method a t  week twenty. Associated w i t h  these changes were 

decreased R values f o r  a l l  work ra tes .  The r a t e  of decrease of t h i s  v a r i a b l e  

was reduced from week ten  and i n  f a c t ,  i n  the l a t e r  stages o f  c y c l i c  t r a i n i n g  

the R values increased. 

Exercise-oxygen pulse and v e n t i l a t i o n  equ iva len t  - Table 10 

T ra in ing  d i d  no t  s i g n i f i c a n t l y  change the  exerc ise  values f o r  oxygen 

pulse o r  v e n t i l a t i o n  equ iva len t  f o r  the low work r a t e  o f  300 kpm/min and 

the  h ighest  r a t e  o f  750 kpm/min. A t  the  in termedia te  work ra tes  o f  450 and 

600 kpm/min values f o r  oxygen pulse increased (0.0100 -+ 0.0132 l /beat  a t  

450 kpm/min; 0.0125 + 0.0138 l /beat  at-600 kpm/min) whi l e  those f o r  
2 

ven t i  l a t i o n  equ iva len t  decreased (26 -+ 18 a t  450 kpm/rnin; 30-21 a t  600 kpm/ 

min). By the e igh th  week o f  t r a i n i n g  these changes had occurred and were 

maintained throughout the remainder o f  the  program. 

Base excess and l a c t a t e  - Figure 14b and Tables 7 and 12 

The general f i n d i n g  i n  warm-up and r e s t i n g  cond i t ions  was a decreased 

l e v e l  o f  ac idos is  (BE -1.5 -+ 1.0 meq/l, La 10.4+ 9.0 mg %). Exercise- 

metabol ic  ac idos is  decreased dur ing  both per iods o f  continuous ergometry 

- (BE -3.5 + 2.2 meq/l, La 21.2 -+ 18.9 mg % a t  750 kpm/min; BE -4.4 -+ -3.3 

meq/l, La 25.0 -+ 18.0 mq % a t  830 kpm/min). A smal l  increase occurred 

dur ing  weeks ten t o  twenty. 

Blood pressure - Figure 14b 

Rest i ng-sys to1  i c b lood pressure decreased (1 50 -+ 140 mm~g) up t o  week 

s i x teen  when an increase t o  the  i n i t i a l  va lue took place. The h ighes t  value 
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was a t  week twenty- two (1 70 mm~g) . Res t i n g - d i  as to1 i c pressure decreased up 

t o  week twelve (104 -t 90 mmHg) and then remained constant  a t  t h i s  l e v e l .  

Exe rc i se -sys to l i c  pressure was not  changed w i t h  t r a i n i n g  w h i l e  exerc ise-  

d i a s t o l  i c pressure decreased. The increased exerc ise  b lood pressure a t  

weeks twenty-two and twenty- four  (830 kpm/mi n) r e s u l t e d  when medi ca t  ion  was 

terminated. 

Myocardial oxygen demand - Table 14 

Warm-up values f o r  myocardial oxygen demand decreased (15016 -+ 11400 

mnHg X HR) . During the rehabi 1 i t a t  i on program exerc ise  values decreased 

(29 140 -+ 26790 mmHg X HR a t  600 kpm/mi n ; 29682 -+ 23630 a t  750 kpm/mi n) . 

Lung func t i on  - F igure  14a * 

Twenty-four weeks o f  r e h a b i l i t a t i o n  d i d  n o t  change any o f  the  lung 

func t i on  parameters. 

Body weight and serum 1 i p i d s  - Figure 14a 

Body weight  d i d  n o t  change dur ing  the twenty- four  weeks whereas serum 

cho les te ro l  decreased s 1 i g h t l y  (220 -t 195 mg %) . A la rge  change occurred 

i n  the l e v e l s  o f  serum t r i g l y c e r i d e s  (335-+  217 mg %) .  The l a r g e s t  

decrease occurred dur ing  the pe r iod  o f  continuous t r a i n i n g  (335 -t 240 mg %) . 

Subject HG Age 50 years Height 178.5 cm Weight 74.3 k g  ( i n i t i a l )  
79.0 kg ( f i n a l )  S tar ted  t r a i n i n g  s i x  months post  i n f a r c t i o n  

Physical work capac i ty  - Figure 15a 

This sub jec t  had an i n  i t i  a1 PWC o f  660 kpm/min and a PWC o f  840 
1 70 190 

kpm/min. A f t e r  ten weeks o f  continuous b i c y c l e  ergometry t r a i n i n g  h i s  PWC 
1 70 

i n c r e a s e d 4 0 . 2 p e r c e n t  (925kpm/min) andh isPWC i n c r e a s e d 3 5 . 8 p e r c e n t  
190 



* 

FIGURE 15a. Subject HG. Graphs of physical work 
capacity, heart rate, cardiac output, 
stroke volume, lung function, body 
weight and serum lipids for the 24 
week rehabil itation period. 
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(1140 kpm/min). The c y c l i c  b i c y c l e  ergometry method y i e l d e d  on ly  a small  

gain. His PWC increased t o  975 kpm/min ( t o t a l  increase o f  47.8 per  cent  
170 

above i n i t i a l )  and h i s  PWC increased t o  1200 kpm/min ( t o t a l  increase o f  
190 

42.8 per  cent above i n i t i a l ) .  The f i n a l  pe r iod  o f  continuous t r a i n i n g  

increased h i s  PWC t o  1180 kpm/min ( t o t a l  increase above i n i t i a l  o f  78.8 
170 

per  cent) and h i s  PWC t o  1475 kpm/min ( t o t a l  increase above i n i t i a l  o f  
190 

75.6 per  cent) .  

Heart r a t e  - Figure 15a 

Figure 15a shows hear t  r a t e  values f o r  standard work ra tes  throughout 

the r e h a b i l i t a t i o n  program. During the f i r s t  ten weeks o f  t r a i n i n g  (continuous 

e f f o r t )  a t  a1 1 work rates,  the hear t  r a t e  was much lower. The obvious decrease 

i n  hear t  r a t e  ended ab rup t l y  a t  the end of continuous t r a i n i n g  f o r  a l l  work 
2 

ra tes  and remained constant  a t  t h i s  l e v e l  u n t i l  the  l a s t  month o f  t r a i n i n g ,  

a t  which time continuous t r a i n i n g  was once again i n s t i t u t e d .  Test  work ra tes  

dur ing  the  f i r s t  ten  weeks were f i  r s t  300, 450 and 600 kpm/min changing t o  

300, 600 and 750 kpm/mi n . The t e s t s  throughout the  r e s t  o f  the program were 

conducted a t  work ra tes  o f  450, 600 and 750 kpm/rnin. Warm-up-heart r a t e  

s tead i  l y  decreased dur ing  the program except f o r  th ree t e s t s  when small  

increases occurred (106 + 85 b/mi n) . 

Cardiac output  and s t roke volume - Figure 15a 

Warm-up-cardiac output  showed a small  decrease 

program (5.66 + 5.10 l /min) .  The s t roke  volume dur 

dur ing  the t r a i n i n g  

i n g  the c o n t r o l  l e d  warm- 

up pe r iod  ranged from 52.8 m l  t o  65.8 m l  w i  t h  an average o f  57.4 m l  ; no 

apparent change occurred. Exerci  se-cardiac output  decreased s teadi  l y  

throughout the program (1 1.73 + 1 1  -59 l /min, a t  450 kpm/min; 14.25 + 12.20 

l/min, a t  600 kpm/min; 15.00 -t 10.39 l /min a t  750 kpm/min). The decrease 



128 

was ev ident  dur ing  both types o f  t r a i n i n g .  Exerc ise-st roke volume remained 

constant dur ing  the tes ts  a t  450 kpm/min (average 80.4 ml ) ,  however, f u r t h e r  

t r a i n i n g  r e s u l t e d  i n  a decreased s t roke volume a t  bo th  600 kpm/min and 750 

kpm/min (95.0 -+ 85.0 m l  a t  600 kpm/mi n; 96.8 -+ 73.2 m l  a t  750 kpm/mi n) . 

Respiratory gas exchange - Figure 15b 

Exerc ise-vent i  l a t i o n  f o r  a g iven work r a t e  progress ive ly  decreased up 

t o  week s ix teen,  increased marginal 1 y u n t i  1 continuous t r a i n i n g  was readopted 

a f t e r  whi ch another decrease occurred. Oxygen uptake decreased f o r  more 

strenuous work ra tes  (600 and 750 kpm/mi n) and remained unchanged f o r  lower 

work ra tes  o f  150, 300 and 450 kpm/min. Exerc ise values f o r  VCO decreased 
2 

f o r  a l l  work rates.  The p a t t e r n  o f  VC02 decrease p a r a l l e l l e d  t h a t  o f  v e n t i l -  

. 
a t i o n  (i .e. a decrease up t o  week s ix teen,  a small  increase from week s i x teen  

i' 

t o  twenty-one f o l  lowed by another decrease). The exerc ise  R values decreased 

up t o  week ten, then increased up t o  week four teen and showed another consis- 

ten t decrease from week twenty-one t o  twen t y - f  i ve. 

Exercise oxygen pulse and v e n t i l a t i o n  equ iva len t  - Table 10 

During t e s t s  a t  300 kpm/min oxygen pu lse  increased (0.0091 -+ 0.0105 

ILbeat)  and vent i l a t  ion  equ iva lent  decreased (26 -+ 22). A simi  l a r  change 

was seen a t  450 kpm/min (0.0093 -+ 0.0123 l / bea t  and 35 -t 25). The lowest 

va l  ues were recorded a t  the end o f  week ten  (22) , they increased s 1 igh  t l y  

w i t h  the change t o  c y c l i c  t r a i n i n g .  A t  a work r a t e  o f  600 kpm/min the 

oxygen pulse increased up t o  week ten (0.0126 -+ 0.0143 l /beat )  , however, 

t h i s  then decreased t o  0.0130 l / bea t  by the end o f  the  program. At t h i s  

same work ra te ,  v e n t i l a t i o n  equ iva lent  decreased throughout the pe r iod  o f  

continuous t r a i n i n g  (27 -+ 22), however i t increased again w i t h  increas ing 
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FIGURE 15b. Subject HG. Graphs o f  r e s p i r a t o r y  
gas-exchange, blood pressure and 
base excess f o r  t h e  24 week r e h a b i l i t a t i o n  
per iod  . 
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vent i l a t i o n  up t o  week twenty-one (22 + 26). A simi  l a r  p a t t e r n  was seen a t  

750 kpm/min (i .e. w i t h  the  change f rom continuous t o  c y c l  i c t r a i n i n g  oxygen 

pulse decreased and ven t i  l a t i o n  equ iva len t  increased). 

Base excess and l a c t a t e  - Figure 15b and Tables 7 and 12 

Warm-up values f o r  base excess (BE) and l a c t a t e  (La) (BE -3.3 -t -3.0 

rneq/l, La 9.4 + 8.0 mg %) decreased. No change occurred when the maximum 

t e s t  work r a t e  was 450 kpm/min (week zero t o  two) however a decrease was 

noted f o r  600 kpm/min t e s t s  (BE -4.7 + -1.2 rneq/l, La 18.0 + 8.0 mg %). 

The l e v e l  of metabol ic  ac idos is  d i d  n o t  change du r ing  the  pe r iod  when the  

maximum work r a t e  was 750 kpm/min (week ten  t o  twen ty - f i ve ) .  

Blood pressure - Figure 15b . 
Resting b lood pressure, bo th  d i a s t o l i c  and s y s t o l i c ,  were q u i t e  v a r i a b l e  

and no o v e r a l l  change occurred. Exerci  se-sys to1 i c and d i a s t o l  i c pressure 

d i d  no t  change dur ing  the t e s t  per iods wi t h  450 and 600 kprn/mi n as the 

maximum work rates.  Exercise-sys to1 i c pressure w i t h  750 kpm/min as the 

maximum work r a t e  decreased up t o  week s i x teen  (continuous t r a i n i n g )  then 

increased up t o  week twenty-three (cyc l  i c t r a i n i n g )  and decreased dur ing  

the l a s t  weeks o f  continuous t r a i n i n g .  

Myocardi a1 oxygen demand - Table 14 

Warm-up-myocardial oxygen demand decreased up t o  week twelve and then 

remained a t  t h i s  l eve l  (13440-t 11000 mmHg X HR) .  Exerc ise values decreased 

dur ing the t r a i n i n g  program (20930 + 19872 mmHg X HR a t  450 kpm/rnin; 24900 

+ 23452 mHg X HR a t  600 kpm/min; 27900 + 21300 mmHg X HR a t  750 kpm/min). 

During c y c l i c  t r a i n i n g  from week s ix teen t o  week twenty-one an increase d i d  

occur ( t o  26075 mmHg X HR, week twenty-one) b u t  i t  decreased again w i t h  



continuous t r a i n i n g .  

Lung f u n c t i o n  - Figure 15a 

V i t a l  capac i ty ,  r e s t i n g  r e s p i r a t o r y  r a t e  and t i d a l  volume remained 

unchanged by the  t r a i n i n g  program. The values f o r  FEV showed a very smal l  
1 

increase (3.27 + 3.45 1 ) .  

Body weight  and serum l i p i d s  - F igure  15a 

Body weight  showed a small  cons is ten t  increase from the  i n i t i a l  t e s t  

(74.5 + 79.0 kg).  Even w i t h  the increase i n  body weight ,  serum cho les te ro l  

decreased w i t h  t r a i n i n g  (213 200 mg %). Serum t r i g l y c e r i d e  progress ive ly  

increased (261 -t 439 mg %) . 
r* 

Group 3: T ra in ing :  Cal i s  then i c-wa 1 k - j og  program (twenty weeks), con t i nuous 
ergometry ( fou r  weeks), t h ree  times per  week f o r  f i f t y  
minutes wi t h  wa lk ing  on the  two days between the  walk- 
j o g  days. Subjects WF and EK s t a r t e d  t r a i n i n g  f o u r  
weeks before  be ing g iven i n i t i a l  t es ts .  

Subject JD Age 45 years Height 185.3 cm Weight 90.6 kg ( i n i t i a l )  
93.1 kg ( f i n a l )  S ta r ted  t r a i n i n g  three months post  i n f a r c t i o n  

Physical work capac i ty  - Figure 16a 

Th is  sub jec t  was very weak, nervous and overweight when he s t a r t e d  the  

t r a i n i n g .  During th ree i n i t i a l  eva lua t ion  t e s t s  he developed severe angina 

a t  a h e a r t  r a t e  o f  115 b/min and the  exerc ise  was terminated. Due t o  the  

f a c t  t h a t  t he  phys ica l  work capac i ty  was determined on such low h e a r t  ra tes  

the values f o r  the i n i t i a l  and second week t e s t s  are quest ionable.  For t h i s  

reason an i n i t i a l  value f o r  h i s  PWC was taken t o  be 750 kpm/mi n and 880 
1 70 

kpm/min as h i s  PWClgO. A f t e r  ten  weeks o f  t r a i n i n g  h i s  PWC had increased 
1 70 

to810kpm/min  ( 8 p e r c e n t  increase) andh isPWC to920kpm/min  (4 .55per  
190 
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FIGURE 16a. Subject JD. Graphs of physical work 
capaci ty ,  h e a r t  r a t e ,  cardiac output ,  
stroke volume, lung funct ion ,  body 
weight and serum l i p i d s  f o r  t h e  24 
week r e h a b i l i t a t i o n  per iod .  
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cent increase) .  A f te r  twenty weeks o f  the  ca l i s then ics -wa lk - j og  program h i s  

PWC170 increased t o  910 kpm/min ( t o t a l  increase of  21.4 per  cent )  and h i s  

PWClgO increased t o  1030 kpm/min ( t o t a l  increase o f  17.2 per cen t ) .  During 

the  f i n a l  s i x  weeks cont inuous b i c y c l e  ergometry was the  t r a i n i n g  method. 

This  t r a i n i n g  was a l s o  done th ree  t imes per  week w i t h  wa lk ing  on the  two 

in te rmed ia te  days. A t  the  end of the  twenty- four  weeks h i s  PWC had 
170 

increased t o  950 kpm/min (26.6 per cent above the  i n i t i a l  l e v e l )  and h i s  

PWClgO ha,d increased t o  1070 kpmlrnin (21.6 per  cent  above the  i n i t i a l  l e v e l ) .  

Up t o  the  f o u r t h  week o f  t r a i n i n g  the  sub jec t  cou ld  no t  exerc ise  a t  a 

hear t  r a t e  g rea te r  than 115 b/min w i thou t  angina. Between the  f o u r t h  a'nd 

t w e l f t h  week t h i s  maximum r a t e ,  w i thou t  angina, increased t o  140 b/min; a t  

t h i s  t ime the  h ighest  work r a t e  of  the  t e s t  session was 675 kpm/min. 

Continuous t r a i n i n g  on a b i c y c l e  ergometer increased h i s  maximum t e s t  work 
/ '  

r a t e  t o  750 kpm/min w i thou t  angina. A f t e r  s i x  weeks o f  t r a i n i n g  h i s  doc tor  

f e l t  t h a t  he had improved t o  a p o i n t  t h a t  he cou ld  r e t u r n  t o  work. Th is ,  

p l u s  the  a b i l i t y  t o  exerc ise  w i thout  angina, gave him increased conf idence 

and a l lowed him t o  r e l a x  and en joy  h i s  l e i s u r e  t ime.  

Heart r a t e  - F igure  16a 

F igure  16a shows hear t  r a t e  changes a t  standard work ra tes .  These 

decreased f o r  a l l  work ra tes .  Warm-up hear t  r a t e  d i d  no t  change d u r i n g  the 

twenty-four weeks. The important improvement w i t h  t h i s  sub jec t  was h i s  

ab i  1 i t y  t o  per form a t  h igher  eva lua t i on  work r a t e s  (750 kpm/min) w i t h o u t  

angina o r  ST segment depression. He would no t  take  medicat ion f o r  t h i s  

ischemic hea r t  cond i t i on .  During the  l a t e r  stages o f  t r a i n i n g  he cou ld  

cyc le  a t  a hea r t  r a t e  o f  150-155 b/min f o r  a p e r i o d  o f  twenty minutes. On 
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many b i c y c l e  t r a i n i n g  days, however, he d i d  cont inue t o  develop angina a t  

a hear t  r a t e  o f  140 b/min a f t e r  seven t o  ten  minutes o f  exerc ise.  I f  the 

work r a t e  was reduced t o  f r e e  pedal 1 i n g  f o r  t h ree  t o  f i v e  minutes he could 

i n v a r i a b l y  complete the f i n a l  twenty minutes a t  a hear t  r a t e  o f  150 b/min 

w i  t h  no f u r t h e r  angina. The s e v e r i t y  was reduced and t ime o f  onset o f  the 

angina was a l s o  a l l e v i a t e d  i f  extended warm-up was done. The most successful  

warm-up consisted o f  f i v e  minutes f r e e  p e d a l l i n g  a t  50 rpm fo l lowed by an 

a d d i t i o n a l  f i v e  minutes a t  300 kpm/min. On many occasions i n  the l a t e r  stages 

o f  t r a i n i n g  s l i g h t  angina would develop, however, he could cont inue p e d a l l i n g  

through t h i s  per iod.  This appkared t o  be s imi  l a r  t o  the  "walk-through" 

phenomena discussed by Kattus (1968). 

Cardiac output  and s t roke  volume - ~ i ~ u ; e  16a 

Warm-up-cardiac output  d i d  n o t  change as a r e s u l t  o f  the  r e h a b i l i t a t i o n  

program. Warm-up-stroke volume decreased a f t e r  t he  second week t e s t  (97.6 

+ 85.4 m l ) .  Exerc ise-cardiac output  decreased w i t h  t r a i n i n g .  A considerable 

decrease was seen i n  the l a s t  s i x  weeks a t  750 kpm/min compared t o  the e a r l i e r  

t e s t s  a t  lower work rates.  The f i n a l  ca rd iac  output  a t  750 kpm/min was 9.55 

l /min whereas the values f o r  the  f i  r s t  t e s t  a t  675 kpm/min was 12.10 l/min, 

13.40 l /min a t  600 kpm/min and 11.95 l /min a t  450 kpm/min. Exerc ise-st roke 

volume was below the warm-up values and a decrease was observed w i t h  t r a i n i n g  

a t  a1 1 work rates.  

Respiratory gas exchange - Fiqure 16b 

Exerc i se -ven t i l a t i on  decreased w i t h  t r a i n i n g .  Exercise VO and VC02 
2 

lues i n i t i a l l y  increased up a l s o  decreased w i t h  the  t r a i n i n g .  Exerc ise R va 

t o  week ten and then decreased dur ing  the f o l  low ing  weeks o f  t r a i n i n g .  



FIGURE 16b. Subject JD, Graphs o f  resp i ra to ry  
gas exchange, blood pressure and 
base excess f o r  the  24 week r e h a b i l i t a t i o n  
per iod . 
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Exercise oxygen pu lse  and v e n t i l a t i o n  equ iva len t  - Table 10 

At lower t e s t  work ra tes  o f  300 and 450 kprn/min, t r a i n i n g  d i d  no t  appear 

t o  change c o n s i s t e n t l y ,  values f o r  oxygen pu lse  (0.0129 l /beat  a t  300 kpm/min 

and 0.0145 l / bea t  a t  450 kpm/min). The v e n t i l a t i o n  equ iva len t  f o r  bo th  of 

these work ra tes  averaged 27 and t h i s  was no t  s i g n i f i c a n t l y  changed w i t h  

t r a i n i n g .  A small increase i n  oxygen pu lse  occurred w i t h  the  c a l i s t h e n i c s -  

wa lk - jog  program a t  the 600 kpm/min work r a t e  (0.0115 -+ 0.0124 l / bea t )  and 

a  l a r g e r  increase occurred du r ing  cont inuous b i c y c l e  ergometry t r a i n i n g  

(0.0124 -t 0.0152 l / b e a t ) .  T r a i n i n g  decreased the  v e n t i l a t i o n  equ iva len t  a t  

t h i s  work r a t e  (33 -+ 27).  No change occurred i n  oxygen pu lse  a t  750 kpm/min, 

however, a small change i n  v e n t i l a t i o n  equ iva len t  was observed (40 -+ 36).  

Base excess and l a c t a t e  - F igure  16b and Tables 7 and 12 

The warm-up base excess (BE) and l a c t a t e  ( ~ a )  was v a r i a b  

no net  change. Exercise-metabol i c  ac idos i s  decreased (BE -10 

La 33.0 -+ 17.0 mg % a t  750 kpm/min) from week twenty onwards. 

l e  and e x h i b i t e d  

.o -+ -6.5 rneq/l, 

There was a  

v a r i a b l e  response p r i o r  t o  t h i s  t ime. 

Blood pressure - F igure  16b 

The r e s t i n g - s y s t o l i c  b lood pressure decreased up t o  week twe 1 ve 

(122 -+ 104 m m ~ ~ )  then re turned t o  the  i n i t i a l  l e v e l .  The d i a s t o l i c  b lood 

pressure ( r e s t  ing)  remained constant .  Exerc ise values o f  s y s t o l  i c  pressure 

remained constant  a t  lower work ra tes  (450 kpm/min) , decreased a t  675 kpm/min 

sessions and remained unchanged f o r  t he  750 kpm/min t e s t s .  D i a s t o l i c  

pressure decreased f o r  the 750 kpm/min t e s t s  bu t  remained constant  f o r  a l l  

o the r  work ra tes .  



Myocardial oxygen demand - Table 14 

Warm-up values o f  myocardial  oxygen demand decreased up t o  week 

e ighteen (1000 -+ 8315 mmHg X HR) and then returned t o  the i n i t i a l  values. 

The exerc ise  values decreased f o r  the  450 kpm/min t e s t  (17464 -+ 14820 mmHg 

X HR) and the  675 kpm/min t e s t  (25454 + 19720 mmHg X HR) however no change 

was seen dur ing  the ten weeks when the  maximum work r a t e  was 750 kpm/min a t  

the t e s t  session. 

Lung func t i on  - Figure 16a 

Rest ing respi  ra to ry  rate,  d i  d n o t  change however r e s t i n g  t i d a l  volume 

increased (1.30 + 1.83 1). Both v i t a l  capac i ty  (5.84 -+ 6.26 1) and FEVl 

(4.52 + 4.75 1) showed a small  increase w i t h  the  t r a i n i n g .  

Body weight and serum l i p i d s  - Figure 16a 

The t r a i n i n g  d i d  n o t  decrease h i s  body weight  and i n  f a c t  a small  

increase occurred (90.6 + 93.1 kg). Serum cho les te ro l  decreased (250 -+ 210 

mg %) desp i te  the small weight  increase. The serum 

remai ned unchanged o v e r a l l  (1 50 mg %) a f t e r  a t rans  

increase a t  the second t e s t  session. 

t r i g l y c e r i d e  leve 

i t o r y  l a rge  i n i  t i a  

Subject WF Age 50 years Height  170.7 cm Weight 71.9 kg ( i n i t i a l )  
72.0 kg ( f i n a l )  S ta r ted  t r a i n i n g  seven months post  
i n f a r c t i o n  -- fou r  weeks before  i n i t i a l  t es ts .  

Physical work capaci ty  - Figure 17a 

This sub jec t  had a mean i n i t i a l  PWC o f  785 kpm/min and a PWC 
1 70 190 

o f  960 kpm/min. A f t e r  ten weeks o f  the c a l  i s then ics-wa lk - jog  program h i s  

PWC 1 70 
increased t o  (27 per  cent) 1000 kpm/min and h i s  PWC increased t o  

190 

(28.0 per cent)  1190 kpm/min. A f t e r  a f u r t h e r  ten weeks o f  t h i s  t r a i n i n g  



L *  

FIGURE 17a. Subject WF. Graphs of physical work 
capacity, heart rate, cardiac output, 
stroke volume, lung function, body 
weight and serum lipids for the 24 
week rehabilitation period. 
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he had not  increased h i s  PWC and h i s  PWC o n l y  increased t o  1200 kpm/min 
170 190 

( t o t a l  increase o f  29.0 per  c e n t ) .  A f u r t h e r  month o f  b i c y c l e  ergometry 

t r a i n i n g  increased h i s  PWC t o  1060 kpm/min ( t o t a l  increase o f  35.1 per  
170 

cent)  and h i s  PWC t o  1260 kpm/min ( t o t a l  increase o f  35.5 per  cen t ) .  Both 
190 

h i s  mood and h i s  nervousness improved as t r a i n i n g  progressed. 

Heart r a t e  - F igure  17a 

F igure  17a shows the  hea r t  r a t e  decrement a t  a standard work r a t e  du r ing  

r e h a b i l i t a t i o n .  During the  f i r s t  e i g h t  weeks the t e s t  sessions were 300, 450 

and 600 kpm/min. These tes ts ,were  increased t o  450, 600 and 750 kpm/min 

du r ing  weeks 6 t o  18 a f t e r  which they were 450, 750 and 900 kpm/min. A 

hear t  r a t e  decrement occurred i n  a l l  work ra tes .  However, t he  g rea tes t  r a t e  

o f  reduct i on  occurred up t o  week 8 and a f t e r  t h i s  a smal l  bu t  steady decrease 
c.' 

took p lace u n t i l  the  end o f  the  program. Warm-up-heart r a t e  showed a 

decrease du r ing  the  program (88 + 77 b/mi n) . 
A f te r  20 weeks of  t r a i n i n g  h i s  phys i c ian  f e l t  t h a t  he had improved t o  

the  p o i n t  t h a t  the use o f  a c a r d i o t o n i c  agent (d igox in )  was no longer 

necessary. 

Cardiac ou tpu t  and s t roke  volume - F igure  17a 

Both warm-up-stroke volume (84.4 + 80.0 ml)  and card iac  ou tput  (7.13 + 

6.40 l /min)  showed an o v e r a l l  decrease. A small increase occurred up t o  

week 12 a f t e r  which a decrease occurred. Dur ing t e s t s  a t  600 kpm/min the  

s t roke volume increased s l i g h t l y  (120 -+ 125 m l ) .  Since the hea r t  r a t e  

decreased concomitant ly  on l y  a small change i n  card iac  ou tput  took p lace 

(18.00 + 17.00 l /m in ) .  During the  l a t e r  p e r i o d  when the  maximum work r a t e  

was 750 kpm/min s t roke  volume remained constant  and because the hear t  r a t e  

cont inued t o  decrease the  card iac  output  decreased from 20.63 l /m in  t o  



18.89 l /min.  The s t roke  volume du r ing  the  l a s t  month of t r a i n i n g  showed a  

l a rge  decrease a t  900 kpm/min (134 + 119 ml )  as d i d  the  exerc ise-card iac  

output  (22.00 + 18.59 l /m in) .  

Resp i ra tory  gas exchange - F igure  17b 

E x e r c i s e - v e n t i l a t i o n  showed o n l y  a  small decrease a t  any p a r t i c u l a r  work 

ra te .  Va 

450 kpm/m 

a t  h igher  

The 

the  e a r l y  

ues f o r  50 and \ico2 decreased f o r  l ess  strenuous work a t  300 and 
2  

n  throughout t r a i n i n g ,  however, a f t e r  an e a r l y  i n i t i a l  decrease 

work ra tes  no f u r t h e r  change was seen. 

e s p i r a t o r y  exchange r a t i o  du r ing  the  t e s t s  was q u i t e  v a r i a b l e  du r ing  

p e r i o d  o f  t r a i n i n g  however the  general t r end  was a  decrease f o r  the 

lower work ra tes  (300 and 450 kpm/min). I n  t he  l a t e r  stages o f  t r a i n i n g  no . 
change occurred f o r  the  more strenuous t e s t s  (i. e .  750 and 900 kpm/min). 

Exercise oxygen pu lse  and v e n t i l a t i o n  equ iva len t  - Table 10 

Values f o r  v e n t i l a t i o n  equ iva len t  remained unchanged throughout t r a i n i n g  

of whatever type. The values f o r  oxygen pu lse  remained unchanged f o r  a l l  

work ra tes  except 750 kpm/min. At  t h i s  work r a t e  an increase occurred a f t e r  

t r a i n i n g  (0.0140 + 0.0152 l / b e a t ) .  

Base excess and l a c t a t e  - F igure  17b and Tables 7 and 12 

Warm-up and r e s t i n g  values f o r  base excess (BE) and l a c t a t e  ( ~ a )  

decreased (BE -3.0 + -1.2 meq/l , La 9.4 + 5.0 mg%) . Exerc ise metabol i c  

ac idos i s  decreased dur ing  the  f i r s t  s i x  weeks when 600 kpm/min was the 

maximum work r a t e  (BE -8.7 -t -2.0 meq/l , La 27.0 -t 14.1 mg%) . No change 

occurred when the  r a t e  was increased l a t e r  t o  750 kpm/min and the  l e v e l  o f  

metabol ic  ac idos i s  was cons iderab ly  lower than observed a t  lower work ra tes  

du r ing  the  i n i t i a l  t e s t s  (BE -4.4 -t -4 .1  meq/\, La 24.0 + 23.0 mg% a t  750 
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FIGURE 17b. Subject WF. Graphs of respiratory 
gasiexchange, blood pressure and 
base excess for the 24 week rehabilitation 
per iod. 
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kpm/mi n) . The va 1 ues a t  900 kpm/mi n increased a f t e r  two weeks of  hol  i day 

but  the  l a c t a t e  l e v e l  was decreased du r ing  the  next month o f  cont inuous 

b i c y c l e  ergometry (La 39.0 + 19.0 mg% a t  900 kpm/min). 

Blood Dressure - F iaure  17b 

Rest ing s y s t o l i c  and d i a s t o l i c  values decreased w i t h  t r a i n i n g  u n t i l  h i s  

ho l i day  a f t e r  which they returned t o  t h e i r  i n i t i a l  l e v e l .  Exerc ise values 

a l s o  decreased w i t h  t r a i n i n g  (150:100 + 134:70 a t  600 kpm/min) and again an 

increase took p lace a f t e r  h i s  two week ho l i day .  The f i n a l  month o f  cont inuous 

b i c y c l e  ergometry was successful  i n  decreasing b lood pressure (188: 108 + 

170:80 a t  900 kpm/min). 

Myocardia 1 oxygen demand - Tab1 e 14 - 

The f i n a l  warm-up values di'd no t  d i f f e r  from t h e  i n i t i a l  (10600 mmHg X HR) 

however a decrease was observed a t  weeks 14 t o  

values f o r  the  tens ion  t ime index o r  myocardia 

t r a i n i n g  (22500 + 18224 mmHg X HR a t  600 kpm/m 

20 (8500 mmHg X HR) . Exerci  se 

1 oxygen demand decreased w i t h  

i n ;  23700 + 22080 mmHg X HR a t  

1 750 kpm/mi n and 30020 + 26860 mmHg X HR a t  900 kpm/mi n) . 

Lung f u n c t i o n  - F igure  17a 

I No change occurred i n  the  t i d a l  volume o r  r e s p i r a t o r y  r a t e ,  however, 

1 small increases i n  v i t a l  capac i ty  (3.89 + 4.12 1)  and FEVl (2.87 + 3.30 1 )  

were seen w i t h  the  t r a i n i n g .  

Body weight and serum l i p i d s  - F igure  17a 

Body weight,  serum cho les te ro l  and serum t r i g l y c e r i d e  l e v e l s  a l l  remained 

unchanged w i t h i n  the  24 weeks o f  t r a i n i n g .  



Subject EK Age 48 years Height 176.0 cm Weight 88.1 kg ( i n i t i a l )  
86.6 kg ( f i n a l )  S ta r ted  t r a i n i n g  s i x  months pos t  
i n f a r c t i o n  -- f o u r  weeks before i n i t i a l  t e s t .  

Physical work capac i ty  - F igure  18a 

Th is  subject  had very  weak legs  and cou ld  no t  complete the  s i x  minute 

t e s t  a t  750 kpmlmin du r ing  h i s  t h ree  i n i t i a l  t e s t s  and the  f i r s t  two s e r i a l  

t e s t s  which fo l lowed.  A t  week f o u r  he completed f o u r  minutes compared t o  

th ree  minutes prev ious t o  t h i s .  During these t e s t s ,  besides the  problem 

w i t h  l e g  pa in ,  he a l s o  complained of  " t i gh tness  i n  t he  chest". For these 

reasons the  t e s t s  were terminated e a r l y  and t h e  f i r s t  two p o i n t s  on the 

graph a re  est imates on l y .  H is  i n i t i a l  PWC was taken t o  be 840 kpm/min 
170 

and h i s  PWC190, 960 kpm/min. A f t e r  ten  weeks o f  t e s t i n g  h i s  PWC increased 
170 

t o  930 kpm/min (10.70 per  cent increase) and h i s  PWC increased t o  1070 
190 

kpm/min (11.5 per  cent increase) .  No f u r t h e r  increase took  p lace i n  h i s  

work capac i t y  and a t  t he  end o f  t he  ca l i s then ics -wa lk - j og  program h i s  PWC 
170 

was 920 kpm/min and h i s  PWC was 1025 kpm/min. Two weeks absence f rom 
190 

t r a i n i n g  occurred before  he s t a r t e d  b i c y c l e  ergometry t r a i n i n g .  At t h i s  t ime 

h i s  PWC170 had decreased t o  860 kpmlmin and h i s  PWC t o  950 kpm/min. 
190 

A f t e r  one month o f  cont inuous t r a i n i n g  h i s  PWC increased again t o  910 
170 

kpm/minandhisPWC t o  1020kpm/min. Sinceweek 1 4 h e h a d b e e n a b l e  t o  
190 

complete the  f u l l  s i x  minutes o f  work a t  a r a t e  o f  830 kpm/min w i t h  no l eg  

p a i n  o r  t i gh tness  i n  h i s  chest .  

Heart r a t e  - Figure 18a 

Heart r a t e  values f o r  a p a r t i c u l a r  work r a t e  decreased (except a t  830 

kpm/min) a f t e r  the e i g h t h  week o f  t e s t i n g  and cont inued decreasing t o  week 18. 

A f t e r  two weeks absence the  hear t  r a t e  f o r  equ iva len t  work increased. The 

increased hear t  r a t e  f o r  standard work was then fo l lowed by another decrease 



t 

FIGURE 18a. Subject EK. Graphs o f  physical  work 
capaci ty ,  hear t  ra te ,  card iac  output,  
s t roke  volume, l ung  func t i on ,  body 
weight and serum l i p i d s  f o r  t he  24 
week r e h a b i l i t a t i o n  per iod.  
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by the  end of cont inuous b i c y c l e  ergometry t r a i n i n g .  The l a r g e s t  decrease 

o f  hea r t  r a t e  occurred a t  t he  l a s t  month of  the  lower work r a t e s  o f  300 and 

450 kpm/min. T r a i n i n g  d i d  n o t  decrease exerc ise-hear t  r a t e  values a t  830 

kpm/min. Warm-up-heart r a t e  v a r i e d  between 65 and 70 b/min u n t i  1  a f t e r  t e s t  

18 a f t e r  which i t  p rog ress i ve l y  decreased t o  60 b/min. 

Cardiac ou tput  and s t roke  volume - F igure  18a 

Th is  sub jec t  had d i f f i c u l t y  w i t h  the  carbon d i o x i d e  rebreath ing  used 

f o r  t he  de terminat ion  o f  card iac  ou tput .  Al though a r e s t i n g  p la teau  cou ld  

be obta ined i t  was d i f f i c u l t  o r  impossible t o  o b t a i n  an exe rc i se  value i n  

some t e s t s .  

Warm-up s t roke  volume increased w i t h  t r a i n i n g  (91.7 -t 101.0 m l ) .  

Warm-up ca rd iac  ou tput  d i d  no t  show cons i s ten t  changes w i t h  t r a i n i n g  (range 

5.95 -+ 6.86 l /m in) .  Exerc ise d i d  no t  increase s t roke  volume above the  

warm-up l e v e l .  For a standard work r a t e  s t roke  volume decreased w i t h  

t r a i n i n g  (111 -+ 92 m l  a t  750 kpm/min and 101 + 73 m l  a t  830 kpm/min). 

M i r r o r i n g  the decreased s t roke  volume and hear t  r a t e ,  ca rd iac  ou tput  decreased 

cons iderab ly  w i t h  t r a i n i n g  (16.50 + 13.85 l /min a t  750 kpm/min and 

14.70 -+ 11.34 l /m in  a t  830 kpm/min). The l a r g e s t  r a t e  o f  decrease occurred 

du r ing  t h e  p e r i o d  o f  b i c y c l e  ergometry t r a i n i n g .  

Resp i ra tory  gas exchange - F igure  18b 

Exercise v e n t i l a t i o n  f o r  standard work r a t e s  decreased w i t h  t r a i n i n g .  

The l a r g e s t  decreases occurred w i t h  the  lower work ra tes .  T r a i n i n g  a l s o  

r e s u l t e d  i n  cons i s ten t  decreases i n  exerc ise  values f o r  $0 and ~ C O  The 2 2 ' 

r e l a t i o n s h i p  and degree o f  these decreases can be seen i n  F igure  18b 

showing the r e s p i r a t o r y  exchange r a t i o s  f o r  a p a r t i c u l a r  work r a t e  du r ing  

t h e  t r a i n i n g .  The R values showed l a r g e  decreases up t o  the  t e s t  a t  week 



* 

FIGURE 18b. Subject EK. Graphs o f  r e s p i r a t o r y  
gas.'exchange, blood pressure and 
base excess f o r  the 24 week rehabi 1 i t a t  ion 
per iod .  
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ten ,  they  then increased s t e a d i l y  t o  week s i x t e e n  and d u r i n g  t he  p e r i o d  o f  

cont inuous ergometry t r a i n i n g  t he  R va lues  showed a smal l  decrease. 

Exerc ise  oxygen p u l s e  and v e n t i l a t i o n  e q u i v a l e n t  - Table 10 

Exerc ise  t r a i n i n g  decreased t he  va lues  o f  v e n t i l a t i o n  e q u i v a l e n t  i n  t h e  

lower work r a t e s  o f  300 and 450 kpm/min (24 + 19 a t  300 kpm/min and 29 + 19 

a t  450 kpm/min) however no change was observed i n  t h e  h i g h e r  t e s t  work r a t e s  

(22 a t  600 kpm/min; 23 a t  750 kpm/min and 24 a t  830 k p d m i n ) .  Values f o r  

oxygen pu l se  were v a r i a b l e ,  m i  r r o r i n g  t h e  r a t h e r  v a r i a b l e  h e a r t  r a t e  changes. 

o f  oxygen 

i g u r e  18a 

1 i gh t  inc rease  

va lues :  

750 kpm/min 

The general  p a t t e r n  f o r  most work r a t e s  was an inc rease  i n  va lue  

pu l se  up t o  week 14 and a f t e r  t h i s  p o i n t  a  decrease occur red .  F 

shows t h e  s u b j e c t ' s  decreased h e a r t  r a t e  up t o  week 14 and t h e  s  

t h e r e a f t e r .  The f o l  l ow ing  changes a r e  f rom week 14 t o  t h e  f i n a l  .-' 
0.0161 -t 0.0120 l / b e a t  a t  600 kpm/min; 0.0163 +- 0.0123 l / b e a t  a t  

and 0.0158 +- 0.0123 l / b e a t  a t  830 kpm/min. 

Base excess and l a c t a t e  - F iau re  18b and Tables 7 and 12 

No change was seen i n  t h e  warm-up va lues  o f  base excess (BE) o r  l a c t a t e  

( ~ a ) .  The e x e r c i s e  va lues  remained unchanged u n t i  1  week 16 a f t e r  which a 

steady decrease i n  t h e  l e v e l  o f  me tabo l i c  a c i d o s i s  f o r  a  s tandard work 

r a t e  occur red  u n t i l  t he  end o f  t r a i n i n g  (BE -13.8 + -9.2 meq/l, La 74.0 -+ 25.0 

mg% a t  830 kpm/mi n )  . 

Blood p ressure  - F igu re  18b 

Res t -sys to l  i c  b lood p ressure  decreased up t o  week f o u r  (133 + 120 r n m ~ ~ ) .  

Th i s  i n i t i a l  decrease was f o l l o w e d  by a p rog ress i ve  inc rease  up t o  week 16 

( I20  + 160 mm~g) and then  decreased and was ma in ta i ned  a t  140 mmHg. Except 

f o r  t h r e e  t e s t s  t he  r e s t i n g - d i a s t o l i c  b lood  p ressure  decreased w i t h  t r a i n i n g  



f rom 90 t o  70 mmHg. Exe rc i se -sys to l i c  and d i a s t o l i c  pressures were unchanged 

except f o r  an increase a f t e r  h i s  absence from t r a i n i n g .  A decrease fo l l owed  

establ ishment o f  cont inuous t r a i n i n g .  

Myocardial oxygen demand - Table 14 

The warm-up-myocardial oxygen demand decreased f rom 9480 mmHg X HR t o  

8190 mmHg X HR a t  week e i g h t ,  then increased s tead i  l y  t o  10400 mmHg X HR a t  

week 16 and f i n a l l y  decreased a t  the  end t o  8400 mmHg X HR. Exerc ise values 

remained unchanged f o r  t he  750 kpm/min t e s t s  (24000 mmHg X HR) , however, they 

increased f o r  the 830 kpm/min f rom 24150 t o  28800 mmHg X HR (weeks 18 and 22) 

and decreased t o  26350 mmHg X HR a t  the  end o f  t he  program. 

Lung f u n c t i o n  - F igure  18a 
.I 

No s i g n i f i c a n t  changes occurred i n  the f o u r  lung f u n c t i o n  parameters 

s tudied.  

Body weight and serum l i p i d s  - F igure  18a 

Body weight remained unchanged w i t h  the  t r a i n i n g  however serum cho les te ro l  

decreased (250 -+ 200 mg%). The decrease occurred du r ing  weeks 0-2 and 22-26 

(ergometry t r a i n i n g )  bu t  no change occurred between these t imes. Serum 

t r i g l y c e r i d e  l e v e l s  showed considerable v a r i a b i l i t y  however the general t r end  

was a decrease ( i n i t i a l  260 mg% + f i n a l  202 mg%). A decrease occurred up t o  

week 10 (161 mg%) fo l lowed by an increase up t o  week 16 and then the f i n a l  

decrease. 

Subject BQ Age 41 years Height 175.0 cm Weight 74.5 kg ( i n i t i a l )  
73.1 kg ( f i n a l )  S ta r ted  t r a i n i n g  seven months post  i n f a r c t i o n .  
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Physical work capac i ty  - F igure  19a 

The s u b j e c t ' s  mean i n i t i a l  PWC was 915 kpm/min and the  PWC was 
170 190 

1060 kpm/min. By the  t e n t h  week o f  the  ca l i s then ics -wa lk - j og  program he had 

increased h i s  PWC t o  1060 kpm/min (15.85 per  cen t )  and h i s  PWC t o  
170 190 

1210 kpm/min (14.25 per  c e n t ) .  At t he  end of  t h i s  form o f  t r a i n i n g  h i s  

PWC170 was 1200 kpm/min ( t o t a l  increase o f  31.2 per  cent )  and h i s  PWC 
190 

was 1380 kpm/min ( t o t a l  increase o f  30.2 per  c e n t ) .  The f i n a l  values a f t e r  

t he  p e r i o d  o f  cont inuous ergometry t r a i n i n g  were 1260 kpm/min f o r  PWC 
170 

( t o t a l  increase o f  37.8 per cent )  and 1430 kpm/min f o r  PWC ( t o t a l  increase 
1 90 

o f  35.0 per  cen t ) .  His  phys ica l  work capac i t y  had reached a  p la teau  a t  the  

end o f  the  ca l i s then ic -wa lk - j og  program but  a  month o f  cont inuous ergometry 

produced an increase. 
* 

2 
Heart r a t e  - F igure  19a 

At work ra tes  up t o  750 kpm/min a  l a r g e  decrement i n  hea r t  r a t e  occurred 

w i t h  t r a i n i n g .  A f t e r  a  decrease up t o  week 16 a t  the  more strenuous work 

ra tes  o f  900 and 975 kpm/min, a  gradual increase occurred up t o  week 22, 

i n t r o d u c t i o n  o f  cont inuous ergometry a f t e r  which a  decrease fo l lowed w i t h  the  

t r a i n i n g .  

Th is  sub jec t  had been placed on qu in  

treatment o f  card iac  arrhythmias.  As h i s  

i d i n e  sulphate medicat ion f o r  t he  

t r a i n i n g  progressed the  q u a n t i t y  

o f  t h i s  medicat ion was g radua l l y  removed u n t i l  week seven when he was t - s ted  

w i t h  no medicat ion.  During the  recovery per iod ,  a f t e r  the f i r s t  eva lua t i on  

work ra te ,  a  se r ies  o f  premature beats were present  i n  h i s  ECG. The eva lua t i on  

t e s t  was stopped and he was placed back on moderate medicat ion. He cont inued 

t r a i n i n g  under te lemet ry  mon i to r ing  and no f u r t h e r  arrhythmias appeared. At 

week 22 the  medicat ion was again removed, however, arrhythmias were again 

present du r ing  t r a i n i n g  so he completed the  24 weeks w i t h  a  reduc t i on  bu t  no t  



FIGURE 19a. Subject BQ. Graphs o f  physical work 
capac i ty ,  hear t  r a t e ,  card iac  output ,  
stroke volume, lung funct ion ,  body 
weight and serum l i p i d s  f o r  the 24 
week r e h a b i l i t a t i o n  per iod .  
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t o t a l  removal o f  medicat ion. 

Cardiac output  and s t roke  volume - F igure  19a 

The f i n a l  r e s u l t  o f  t r a i n i n g  d i d  no t  change e i t h e r  warm-up-stroke volume 

o r  card iac  ou tpu t ,  however, an increase d i d  occur i n  both, up t o  week ten.  

Fo l lowing t h i s ,  a  decrease occurred t o  the  i n i t i a l  va lues.  Exerc ise-s t roke 

volume remained unchanged up t o  week 14 and then showed a  decrease (140 + 106 

m l  a t  975 kpm/min) . Cardiac output  du r ing  the  t e s t s  a t  750 kpm/min 

(18.49 -t 17.01 l /min)  and 975 kpm/min (20.28 -+ 14.56 l /min)  decreased. 

Resp i ra tory  gas exchange - ~ i & r e  19b 

During the  t r a i n i n g  pe r iod  e x e r c i s e - v e n t i l a t i o n  decreased a t  lower work 

ra tes .  However, i t  d i d  no t  change f o r  t e s t s  a t  900 and 975 kpm/mi n. The 

oxygen uptake and carbon d i o x i d e  e l i m i n a t i o n ,  a f t e r  a  p e r i o d  o f  t ime, 

decreased f o r  a l l  work ra tes .  As the  R va lues suggest, t he  l a r g e s t  decreases 

occurred w i t h i n  the  i o 2  value because the  R values f o r  a l l  loads increased 

a f t e r  t he  f o u r t h  week. 

Exercise oxygen pu lse  and v e n t i l a t i o n  equ iva len t  - Table 10 

A1 though small changes were observed over  t he  24 week pe r iod  the  o v e r a l l  

e f f e c t  was t h a t  i n  t h i s  sub jec t  exerc ise  t r a i n i n g  had no s i g n i f i c a n t  e f f e c t  

on the  r a t i o s  o f  oxygen pu lse  and v e n t i l a t i o n  equ iva len t  f o r  any t e s t  work 

ra te .  I t  was noted t h a t  a t  the  lowest work r a t e  o f  300 kpm/min, which was 

used f o r  t e s t s  from the  i n i t i a l  t o  the  f o u r t h  week o f  t r a i n i n g ,  t he  values 

f o r  v e n t i l a t i o n  equ iva len t  were h igh  (32) compared t o  600 kpm/min (average 

25) o r  750 kpm/min (average 26) .  

Base excess and l a c t a t e  - F igure  19b and Tables 7 and 12 

No change occurred w i t h  warm-up values f o r  base excess (BE) and l a c t a t e  



it 

FIGURE 19b. Subject BQ. Graphs o f  r e s p i r a t o r y  
gas exchange, blood pressure and 
base excess f o r  t h e  24 week rehabi 1 i t a t  ion 
per iod .  
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( ~ a ) ,  however, e x e r c i s e  va lues  were decreased w i t h  t r a i n i n g  a t  a l l  work 

r a t e s  (BE -9.8 + -1.3 meq/l and La 48.0 + 15.9 mgY a t  750 kpm/min; BE 

-8.8 + -7.7 meq/l and La 34.0 -+ 35.0 mg% a t  900 kpm/min and BE -9.5 + -4.9 

meq/l and La 37.0 -t 16.0 mg% a t  975 kpm/min). 

Blood p ressure  - F igu re  19b 

Both t h e  r e s t i n g  d i a s t o l i c  and s y s t o l i c  b l ood  p ressure  remained unchanged. 

Exe rc i se -sys to l  i c  va lues  showed a l a r g e  decrease (158 -+ 120 mmHg a t  750 kpm/min 

and 170 + 136 mmHg a t  975 kpm/min) whi l e  e x e r c i s e - d i a s t o l  i c  va lues  remained 

l a r g e l y  unchanged. 

Myocard ia l  oxygen demand - Tab le  14 

Warm-up-myocardial oxygen demand showed a smal l  b u t  c o n s i s t e n t  decrease 

w i t h  t r a i n i n g  (8360 + 7350 mmHg X HR).  The e x e r c i s e  va lues ,  a f t e r  a p e r i o d  

o f  t ime,  decreased w i t h  t r a i n i n g  f o r  each l oad  (22400 -+ 17160 mmHg X HR a t  

750 kpm/min; 21000 -+ 19734 mmHg X HR a t  900 kpm/min and 24650 -+ 18800 mmHg X HR 

a t  975 kpm/mi n )  . 

Lung f u n c t i o n  - F i g u r e  19a 

T r a i n i n g  d i d  no t  change t h e  v i t a l  c a p a c i t y ,  FEVl o r  t h e  r e s t i n g  t i d a l  

volume. The r e s t i n g  r e s p i r a t o r y  r a t e  decreased (23 + 18 breaths/min)  w i t h  

t r a i n i n g .  

Body we igh t  and serum l i p i d s  - F i g u r e  19a 

Body we igh t  remained cons tan t  throughout  t h e  24 week t r a i n i n g  p e r i o d  bu t  

serum c h o l e s t e r o l  decreased o v e r a l l  (235 -+ 190 mg%) . Serum t r i g l y c e r  i d e  l e v e l s  

decreased (221 + 147 mg%) w i t h  t r a i n i n g  a l t hough  t h i s  was n o t  a c o n s i s t e n t  

decrease bu t  f l u c t u a t e d  d u r i n g  t h e  f i r s t  12 weeks o f  t r a i n i n g .  



.FIGURE 20. Graphs showing the  mean, t h e  mean change 
and t h e  mean per cent  change above t h e  
i n i t i a l  value of physical  work capac i ty  
( P W C , ~ ~ )  f o r  the  three  groups dur ing t h e  
24 week rehabi 1 i t a t  ion per iod .  
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* 

FIGURE 21.  Graph showing the  mean cholesterol  
and t r i g l y c e r i d e  l e v e l s  f o r  the three  
groups dur ing  the  24 week r e h a b i l i t a t i o n  
per iod .  
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TABLE 4 

CHANGES IN PHYSICAL WORK CAPACITY OF 14 SUBJECTS 
DURING A 24 WEEK TRAINING PROGRAM. THE INITIAL 

VALUES ARE MEANS OF THREE TESTS 

Group Sub jec t  I n i t i a l  10 w k  A 20 w k  A 24 wk A 

1 

Mean 
+SD 

2 

Mean 
S D 

3 

Mean 
+SD 

M.B. 700 990 , +290 1155 
L.M. 907 940 
N.S. 600 8 30 
W.S. 
M.W. 

I .B. 
D.B. 
F.C. 
H.C. 
H.G. 

J.D. 
W.F. 
E. K. 
B. Q. 

* T h i s  va lue  i s  n o t  inc luded  i n  group averages due t o  4 week absence f r o m  
t r a i n i n g .  



PWC (kpm/m i n) 

I n i t i a l  10 wk A 20 wk A 24 wk A 



TABLE 5 

SERUM L I P I D  CHANGES OF 14 SUBJECTS DURING 
A 24 WEEK T R A I N I N G  PROGRAM. THE I N I T I A L  

VALUES ARE MEANS OF THREE TESTS 

- - - -- 

Cholesterol (mg%) 

- 

Group Subject I n i t i a l  1 0 w k  A 20 wk A 24 wk A 

1 

Mean 
2SD 

2 

Mean 
+SD 

3 

Mean 
+S D 

M . B .  
L.M. 
N . S .  
W.S. 
M.W. 

I .B .  
D .B.  
F .C.  
H . C .  
H . G .  

J.D. 
W.F .  
E .  K.  
B .Q.  



Tr ig lycer ide  (mg%) 

l n i  t i a l  10 wk A 20 wk A 24 wk A 



TABLE 6 

WARM-UP CARDIAC OUTPUT AND STROKE VOLUME VALUES 
DURING A 2 4  WEEK T R A I N I N G  PERIOD. THE I N I T I A L  

VALUES ARE MEANS OF THREE TESTS 

C a r d i a c  O u t p u t  ( l / m i n )  

G r o u p  S u b j e c t  I n i t i a l  1 0  wk A 20 wk A 2 4  wk A 

1 

Mean  
2SD 

2 

Mean  
2SD 

3 

Mean  
2SD 

M.B. 
L.M. 
N.S. 
W.S. 
M.W. 

l .B. 
D.B. 
F.C. 
H.C. 
H.G. 

J.D.  
W.F. 
E. K. 
B.Q. 



Stroke Volume (ml) 

I n i t i a l  10 wk A 20 wk A 24 wk A 



T A B L E  7 

WARM-UP BASE EXCESS AND RESTING LACTATE VALUES OF 1 4  
SUBJECTS DURING A 24 WEEK T R A I N I N G  PROGRAM. THE 

I N I T I A L  VALUES ARE MEANS OF THREE T E S T S  

B a s e  E x c e s s  ( m e q / l )  

G r o u p  S u b j e c t  I n i t i a l  1 0  wk A 20 wk A 24 wk A 

1 

M e a n  
k SD 

2 

M e a n  
t SD 

3 

M e a n  
t S D  

M.B. 
L.M. 
N.S. 
W.S. 
M.W. 

I .B. 
D.B. 
F.C. 
H. C. 
H.G. 

J . D .  
W.F. 
E.K. 
B.Q. 



Lacta te  (mg%) 

I n i t i a l  10 w k  A 20 w k  A 24 w k  A 



TABLE 8 

LUNG FUNCTION CHANGES OF 14 SUBJECTS DURING 
A 24 WEEK TRAINING PROGRAM. THE INITIAL 

VALUES ARE MEANS OF THREE TESTS 

V i t a l  Capacity (1  BTPS) 

Group Subject I n i t i a l  10 wk A 20 wk A 24 wk A 

1 

Mean 
+SD 

2 

Mean 
+SD 

3 

Mean 
+S D 

M.B. 
L.M. 
N.S. 
W.S. 
M.W. 

l .B. 
D.B. 
F.C. 
H.C. 
H.G. 

J.D. 
W.F. 
E. K. 
B.Q. 



I n i t i a l  10 wk A 20 wk A 24 wk A 

3.82 +0.20 
SO. 72 



TABLE  9 

EXERCISE VALUES FOR V E N T I L A T I O N ,  OXYGEN UPTAKE AND CARBON D I O X I D E  
E L I M I N A T I O N  DURING LAST  M INUTE OF EXERCISE OF EVALUATION TESTS 
THROUGHOUT A 2 4  WEEK T R A I N I N G  PROGRAM. THE I N I T I A L  VALUES ARE 

MEANS OF THREE TESTS. THE WORK RATE I S  G IVEN I N  PARENTHESES 

O x y g e n  U p t a k e  ( l / m i n  STPD) 

G r o u p  S u b j e c t  I n i t i a l  1 0  w k  . A  

M.B. 

L.M. 

N.S. 

W.S. 

M.W. 

I .B. 

D.B. 

F.C. 

H.C. 

H.G. 

J .D .  

W.F. 

E.K. 

B.Q. 



Oxygen Uptake (con t i nued) 



TABLE 9 (cont i nued) 

Carbon Dioxide El i m i  nat  ion ( l /min STPD) 

I n i t i a l  10 wk A 1 0 w k  -+ 2 0 w k  



Carbon D iox ide  E l i m i n a t i o n  (continued) 



TABLE 9 (continued) 

Ventilation (l/min STPD) 

Initial 10 wk A 10wk -t 2 0 w k  



Ventilation (continued) 



TABLE 1 0  

EXERCISE VALUES FOR HEART RATE, OXYGEN PULSE AND VENTILAT ION 
EQUIVALENT DURING A 2 4  WEEK T R A I N I N G  PROGRAM. THE EXERCISE 

VALUES ARE FOR LAST MINUTE OF T H I R 3  EVALUATION WORK RATE. 
THE WORK RATES ARE GIVEN I N  PARENTHESES 

E x e r c i s e  H e a r t  R a t e  ( b / m i n )  

G r o u p  S u b j e c t  I n i t i a l  1 0  wk ,A 

L.M. 

N.S. 

W.S. 

M.W. 

2 l .B. 

D.B. 

F.C. 

H.C. 

H.G. 

3 J. D. 

W.F. 

E. K. 

B.Q. 



Exercise Heart Rate (continued) 



TABLE 10 (cont i nued) 

Exercise Oxygen Pulse ( l / b e a t )  

- - - 

l n i  t i a l  10 wk 



Exerci se Oxygen Pulse (continued) 



TABLE 10 (continued) 

V e n t i l a t i o n  Equivalent 

l n i  t i a l  10 wk A 10 wk -t 20 wk 



Ventilation Equivalent (continued) 



TABLE 1 1  

EXERCISE VALUES FOR CARDIAC OUTPUT AND STROKE VOLUME DURING 
A 2 4  WEEK T R A I N I N G  PROGRAM. THE EXERCISE VALUES ARE FOR 

LAST MINUTE OF T H I R D  EVALUATION WORK RATE. THE WORK 
RATE I S  G IVEN I N  PARENTHESES 

E x e r c i s e  C a r d i a c  O u t p u t  ( l / m i n )  

G r o u p  S u b j e c t  l n i  t i a l  1 0  wk . A  

1 M.B. 

L.M. 

N.S. 

W.S. 

M.W. 

2 l .B. 

D.B. 

F .  C. 

H.C. 

H.G. 

3 J .D .  

W.F. 

E. K. 

B.Q. 



- - - - 

Exerc ise Cardiac Output (cont inued) 



TABLE 1  1 (con t i nued) 

Exercise Stroke Volume ( m l )  

l n i  tial 10 wk 



Exerci se Stroke Vol ume (continued) 



T A B L E  12 

EXERCISE VALUES FOR BASE EXCESS AND LACTATE DURING A 
24 WEEK T R A I N I N G  PROGRAM. THE EXERCl SE VALUES ARE 

FOR L A S T  M I N U T E  OF T H I R D  EVALUATION WORK RATE. 
THE WORK RATES ARE G I V E N  I N  PARENTHESES 

E x e r c i  s e  B a s e  E x c e s s  ( m e q / l )  

- - 

G r o u p  S u b j e c t  l n i  t i a l  1 0  wk 

1 M.B. - 1 2 . 0  
(750) 

L.M. - 1 2 . 7  
(900 

N.S. - 1 0 . 0  - 3.1 
(600) (600) 

W.S. - 1 0 . 7  - 1 0 . 7  
(600) (750) 

M.W. - 9 . 2  - 7.8 
(600) (600) 

2 l .B. 

D.B. 

F.C. 

H.C. 

H.G. 

3 J . D .  

W.F. 

E.K. 

B. Q. 



- --- -- - - - - - 

Exerc i se Base Excess (cont i nued) 



TABLE 12 (con t i nued) 

Lac ta te  (mg%) 

l n i  t i a l  10 w k  A 10 w k  + 20 w k  



Lactate (cont inued) 



TABLE 1 3  

RESTING AND EXERCISE BLOOD PRESSURE VALUES OF 1 4  SUBJECTS DURING A 
2 4  WEEK TRAINING PROGRAM. THE EXERCISE VALUES ARE FOR LAST MINUTE 
OF EXERCISE OF THIRD EVALUATION WORK RATE. THE I N I T I A L  VALUES ARE 

MEANS OF THREE TESTS. THE WORK RATES ARE GIVEN I N  PARENTHESES 

R e s t i n g  B l o o d  P r e s s u r e  - S y s t o l i c / D i a s t o l i c  ( rn rn~g)  

G r o u p  S u b j e c t  I n i t i a l  1 0 w k  A 2 0  w k  A 2 4  w k  A 

1 

Mean 
+SD 

2 

Mean 
+SD 

3 

Mean 
+SD 

M.B. 

L.M. 

N.S. 

W.S. 

M.W. 

I .B. 

D.B. 

F.C. 

H.C. 

H.G. 

J .D .  

W. F. 

E. K. 

B. Q. 



TABLE 13 (cont i nued) 

Exercise Blood Pressure - Systol i c / ~ i a s t o l  i c  ( r n r n ~ ~ )  

l n i  t i a l  10 wk A 1 0 w k  -t 

* Incomplete t e s t  



Exerci se Blood Pressure (cont i nued) 



TABLE 14 

WARM-UP AND E X E R C I S E  MYOCARDIAL OXYGEN DEMAND VALUES DURING A 
24 WEEK TRAINING PROGRAM. THE EXERCISE VALUES ARE FOR LAST 
MINUTE OF THIRD EVALUATION WOFtK RATE. THE WORK RATES ARE 

G I V E N  I N  PARENTHESES 

- --- -- 

Warm-up Myocard i a l  Oxygen Demand (mm~g X HR) 

Group Subject I n i t i a l  1 0 w k  A 20 wk A 24 wk A 

1 

Mean 
2SD 

2 

Mean 
t S D  

3 

Mean 
t S D  

M.B. 

L.M. 

N.S.  

W. S .  

M.W. 

l .B. 

D.B.  

F.C. 

H. C .  

H.G. 

J.D. 

W. F. 

E. K. 

B. Q. 

Th is  va lue i s  not inc luded i n  group means due t o  4 week absence from 
t r a i n i n g .  



TABLE 14 (con t i nued) 

Exercise Myocardi a1 Oxygen Demand (mmHg X HR) 

I n i t i a l  10 wk A 10wk -+ 20wk  



Exerc i se Myoca rd i a 1 Oxygen Demand (cont i nued) 



CHAPTER V 

DISCUSSION 

The R e h a b i l i t a t i o n  Program 

Genera 1  

T h i s  s tudy has i n v e s t i g a t e d  f o u r t e e n  pos t  myocard ia l  i n f a r c t  p a t i e n t s  

who p a r t i c i p a t e d  i n  a  s i x  month e x e r c i s e  r e h a b i l i t a t i o n  program. S p e c i f i c a l l y ,  

i t  has measured t h e  ca rd iovascu la r ,  r e s p i r a t o r y  and serum l i p i d  changes 

ove r  a  s i x  month p e r i o d  and a l s o  eva lua ted  two types and v a r i a t i o n s  o f  

t r a i n i n g .  I t  was shown t h a t  cont inuous ergometry,  a t  50 pe r  cen t  o f  t h e  

c u r r e n t  phys ica  

pe r  m inu te  (PWC 

changes i n  work 

1  work ing  c a p a c i t y  f o r  a  h e a r t  r a t e  (est imated)  o f  190 beats  

190 
e s t . ) ,  l e d  t o  t h e  most c o n s i s t e n t  improvement and l a r g e s t  

capac i t y .  I n  one sub jec t  (MW), however, a t  t h e  o u t s e t  o f  

t r a i n i n g ,  t h i r t y  minutes o f  cont inuous ergometry  was t o o  l ong  and i t  was 

two weeks be fo re  he was a b l e  t o  complete t h e  h a l f  hour .  I n  t h i s  s i t u a t i o n ,  

t h e  c y c l i c  t ype  o f  t r a i n i n g  a t  40 p e r  cen t  and 60 pe r  cen t  o f  h i s  PWC 
190 

was advantageous. The mean change above i n i t i a l  i n  PWC was 54.9 per  cen t .  
170 

Group 1  

T h i s  group s t a r t e d  on c y c l i c  t r a i n i n g  and e a r l y  improvement was observed. 

A f t e r  t e n  weeks o f  t h i s  t r a i n i n g  a  mean s i g n i f i c a n t  inc rease  o f  26.4 pe r  cent 

f o r  t h e  PWC170, above t he  i n i t i a l  va lue ,  was observed. Continuous t r a i n i n g  

then l e d  t o  a f u r t h e r  mean inc rease  o f  28.2 pe r  cen t  (26.4 -+ 54.6 per  cen t  

above t h e  i n i t i a l  va lues ) .  I n  most sub jec t s  i t  was a  more e f f e c t i v e  t r a i n i n g  

s t imu lus  - a  f a c t  which can be no ted  p a r t i c u l a r l y  by t he  s lopes o f  the  PWC 

curves d u r i n g  the  a p p r o p r i a t e  phase o f  t r a i n i n g  (see F igu re  20) .  



187 
Group 2  

Th is  group s t a r t e d  on cont inuous t r a i n i n g  and s u b s t i t u t i o n  o f  c y c l i c  

t r a i n i n g  produced o n l y  a  maintenance o f  the gains made p rev ious l y  o r  a  

smal l  decrement. The mean increase above the  i n i t i a l  PWC a f t e r  cont inuous 
170 

t r a i n i n g  was 42.1 per  cent .  Th is  mean increment had dec l ined 0.7 per  cent a t  

the  conclus ion o f  the c y c l i c  t r a i n i n g  p e r i o d  (42.1 + 41.4 per  c e n t ) .  The 

f i n a l  month of  cont inuous t r a i n i n g  y i e l d e d  a  f u r t h e r  mean increase o f  33.4 

per  cent i n  t h e i r  PWC (41.4 -t 74.8 per  cen t ) .  The b e t t e r  q u a n t i t a t i v e  
170 

improvement i n  t he  PWC 
170' 

du r ing  the  cont inuous phase o f  t r a i n i n g ,  was 

supported by the s u b j e c t i v e  f e e l i n g s  o f  the  p a t i e n t s .  A  poss ib le  reason 

f o r  the  r e l a t i v e  i ne f fec t i veness  o f  the  c y c l i c  t r a i n i n g  was t h a t  t r a i n i n g  a t  

60 per  cent o f  the  p a t i e n t ' s  c u r r e n t  work capac i ty  was no t  severe enough t o  

t a x  h i s  c a r d i o - r e s p i r a t o r y  system. Astrand -- e t  a l .  (1960) found t h a t  w i t h  

a t h l e t e s  i n t e r m i t t e n t  exerc ise  of t h ree  minutes fo l l owed  by th ree  minutes 

r e s t  was a  successful  type o f  t r a i n i n g  i f  the  s u b j e c t ' s  oxygen t ranspor t  

system i s  s t ressed maximal ly.  When dea l i ng  w i t h  card iac  p a t i e n t s ,  maximal 

t r a i n i n g  i s  con t ra ind i ca ted  and c y c l i c  t r a i n i n g  t h e r e f o r e  cannot assume i t s  

f u l l  p o t e n t i a l  o f  s t r e s s i n g  the  oxygen t ranspor t  system. 

Group 3 - Cal isthenics-Walk-Jog Program 

The ca l i s then ics -wa lk - j og  program l e d  t o  smal l  bu t  s i g n i f i c a n t  gains i n  

PWC,70 and the  l a t e r  change t o  one month o f  cont inuous t r a i n i n g  showed 

f u r t h e r  gains.  The mean r e l a t i v e  increases f o r  t h i s  group were 15.5 per cent  

and 22.7 per  cent ,  above the  i n i t i a l  values, a f t e r  t en  and twenty weeks, 

respec t i ve l y ,  o f  the ca l i s then ics -wa lk - j og  program. With ergometry, 

the  average increase was a f u r t h e r  10.5 per  cent (22.7 -+ 33.2 per  cen t ) .  

Group 3 t r a i n e d  i n t e n s i v e l y  o n l y  th ree  times per  week and walked on two 

o the r  days. The wa lk - jog  program was probably no t  as successful  because 



i n i t i a l  pe r i od  o f  

begun t h i s  type o f  program the  r e s u l t s  probab 

because f requent  stops f o r  pu lse  count ing wou 

p a t i e n t  by v i r t u e  o f  h i s  e a r l i e r  t r a i n i n g  wou 

experienced i n  guaging h i s  hear t  r a t e  w i thou t  

the  hear t  r a t e  was not  cons 

f o r  extended per iods s ince  

pu lse  counts. I f ,  a f t e r  an 
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i s t e n t l y  susta ined a t  130-150 beats per minute 

i t  was manditory t h a t  the sub jec ts  s top  t o  take 

t r a i n i n g ,  they were t o  have 

l y  would have been b e t t e r  

I d  have been obviated.  The 

I d  have become f i t t e r  and more 

count ing.  One inherent  

disadvantage w i t h  jogg ing  i s  t h a t  when a sub jec t  becomes t i r e d  he n a t u r a l l y  

slows down which r e s u l t s  i n  a lower ing o f  t he  hea r t  r a t e  and thereby removes 

the  t r a i n i n g  e f f e c t .  

The jogg ing  type program, however, a l though not  as successfu l  as the b i k e  

has many advantages. One was the  t o t a l  body involvement i n  p re- jogg ing  .. 
warm-up c a l i s t h e n i c s .  Another advantageous fea tu re  o f  jogg ing  i s  the l ack  

o f  boredom w i t h  t r a i n i n g  which might poss ib l y  lead t o  a h igh  dropout r a t e  

i n  o the r  types o f  t r a i n i n g  (b i cyc le ,  t r e a d m i l l ) .  Th is  boredom and h igh  

dropout has indeed been the experience o f  many programs  el l e r s t e i n ,  1968 

and H e l l e r ,  1969). 

Contro l  o f  T r a i n i n g  

I n  the  jogg ing  program, adequate c o n t r o l  o f  the t r a i n i n g  s i t u a t i o n  was 

I n  some cases ECG te lemet ry  was maintained through hear t  r a t e  mon i to r ing .  

warranted, based on the  r e s u l t s  o f  the i n  

f o r  c lose  mon i to r ing  i n  t r a i n i n g  were ang 

i t i a l  eva lua t i on  t e s t s .  The c r i t e r i a  

i na  pains,  ST segment depression or  

ec top i c  beats present i n  t e s t i n g  sessions. A p o s i t i v e  fea ture  o f  t h e  b i c y c l e  

ergometry t r a i n i n g  was t h a t  more sub jec ts  cou ld  be c l o s e l y  monitored, w i t h  

o n l y  one t r a i n i n g  superv isor ,  than i n  the  jogg ing  program. Pa t i en ts  w i t h  

marked coronary i nsu f f i c i ency  o r  those who developed repeated e c t o p i c  
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v e n t r i c u l a r  con t rac t i ons  cou ld  be more c l o s e l y  monitored i n  an ergometry 

p  rog ram. 

w r o p r  i ateness of   rain i ng 

I n  re t rospec t ,  t he  c a l i s t h e n i c - w a 1 ~ - j o g  program was probably 

inappropr ia te  f o r  sub jec ts  JD and EK because of  t h e i r  overweight c o n d i t i o n .  

Th is  was e s p e c i a l l y  t r u e  i n  t he  case o f  sub jec t  JD who devel 

angina upon exe r t i on .  When jogg ing  h i s  excess weight  added 

t o  the  energy cos t  and as a  r e s u l t  he developed angina a t  a  

115 t o  125 beats per  minute and he had t o  s top  jogging.  Thi  

oped severe 

cons iderab ly  

hea r t  r a t e  o f  

s  was very 

d iscouraging t o  him and l i m i t e d  the  b e n e f i t  o f  t he  program because a  t r u e  

exe rc i se  card iovascu lar  s t r e s s  cou ld  no t  be developed. When both  o f  these 

sub jec ts  were placed on the  ergometry.program much b e t t e r  r e s u l t s  were seen. 

As discussed e a r l i e r ,  sub jec t  JD cou ld  exe rc i se  a t  a  hea r t  r a t e  o f  150 beats 

per  minute f o r  a  p e r i o d  o f  twenty minutes w i t h  no angina. 

These two sub jec ts  i l l u s t r a t e  an important  cons ide ra t i on  i n  f u r t h e r  

r e h a b i l i t a t i o n  s tud ies  w i t h  card iac  p a t i e n t s .  Th is  f e a t u r e  i s  t h a t  an 

app rop r ia te  type o f  r e h a b i l i t a t i o n  program should be se lec ted  i n d i v i d u a l l y  

f o r  each p a t i e n t .  I f  a  p a t i e n t  i s  overweight then the  ergometry program 
"\ 

,-- - 
'- _ / -- -------' 

would be the  best se lec t i on .  I n  a  jogg ing  program an overweight c o n d i t i o n  

no t  o n l y  places s t ress  on the  card iovascu lar  system but  a l s o  adds excess 

s t ress  t o  body j o i n t s  e s p e c i a l l y  the  knees and ankles.  Also, i n  the case 

o f  a  very  weak sub jec t  (MW) , the  f i  r s t  month o f  t r a i n i n g  cou ld  be most 

advantageously spent w i t h  c y c l i c  t r a i n i n g ,  changing t o  the  cont inuous method 

o f  ergometry l a t e r .  Subjects BQ and WF apprec ia ted  the  t o t a l  body invo lve-  

ment w i t h  the warm-up c a l i s t h e n i c s  and t h i s  fea ture  cou ld  e a s i l y  and 

p r o f i t a b l y  be added t o  the  cont inuous ergometry program. 



190 
Group T r a i n i n g  and Retent ion o f  P a r t i c i p a n t s  

The probable reason f o r  the r e t e n t i o n  o f  a l l  sub jec ts  i n  t h i s  program 

was the  companiable atmosphere o f  the group t r a i n i n g  sessions. Other 

probable reasons f o r  the 100 per  cent r e t e n t i o n  inc lude the regu la r  (every 

two weeks) measurement o f  the p a t i e n t s '  f i t n e s s  and up-grading o f  t h e i  r 

t r a i n i n g  exerc ise,  the c lose  superv is ion  o f  t r a i n i n g  and knowledge o f  t h e i r  

t e s t  resu l  t s .  

Group. t r a i n  

I t  was especia l  

became apparent 

i n g  proved t o  be a very important  f ea tu re  o f  the program. 

l y  important  f o r  new sub jec ts  e n t e r i n g  the program. I t  

t h a t  new sub jec ts  were very apprehensive and somewhat 

h e s i t a n t  t o  s t ress  themselves, however, when they cou ld  see o thers  t r a i n i n g  

a t  considerable work loads tl-,ey gained conf idence. Group t r a i n i n g  was 

h e l p f u l  f o r  those who had angina, when they cou ld  see sub jec ts  (especia l  l y  

JD) r i d i n g  through ( l i k e  the walk-through phenomena discussed e a r l i e r )  the  

bouts o f  angina. Although psycho log ica l  t e s t s  were no t  inc luded i n  t h i s  

study i t  was obvious t h a t  a l l  sub jec ts  showed a remarkable improvement i n  

mood. Using psychological  t e s t s ,  Rechni tzer  -- e t  a l .  (1967) found t h a t  a 

twenty- four  week r e h a b i l i t a t i o n  program a l s o  l e d  t o  a s i g n i f i c a n t  s u b j e c t i v e  

improvement i n  the mood o f  t h e i r  p a t i e n t s .  The card iac-exerc isers  f e l t  

more con f i den t  and less anxious. I n  the present  s tudy the f a c t  t h a t  a l l  

sub jec ts  were capable o f  r e t u r n i n g  t o  t h e i  r work was a very important  f a c t o r  

i n  t h e i r  improvement i n  mood and f e e l i n g  o f  we l l -be ing .  A l l  sub jec ts  

re tu rned e a r l y  t o  work except MW who as mentioned p rev ious l y  was capable 

o f  work b u t  h i s  age was a f a c t o r  i n  h i s  unemployment. The f a c t  t h a t  he 

cou ld  n o t  f i n d  employment was very d i s t u r b i n g  t o  h im and i n  f a c t  he took 

an unsuccessful  month's absence from t r a i n i n g  t o  f i n d  employment. A t  the  

t ime o f  complet ion o f  t h i s  w r i t i n g  sub jec t  MW had indeed become employed 
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once more. Besides o f f i c e  jobs ,  many o f  the  sub jec ts  re tu rned t o  very 

strenuous work such as t r u c k  d r i v i n g ,  i n c l u d i n g  load ing  and unloading, bus 

d r i v i n g ,  warehouse work and working on a t u g  boqt w i t h  a  l o c a l  lumbe 

Changes i n  Work Capacity  a able 4) 

I n  order  t o  evaluate the  changes i n  phys i ca l  work capac i ty  and a  

reassess the s u b j e c t ' s  t r a i n i n g  work r a t e  the  PWC was est imated. 
190 

which requ i red  

minutes, t o  be 

both phys io log  

app l i ed  t o  pat  

m i l l .  

so t o  

I n  

order  t o  make a  comparison w i t h  o the r  s tud ies  the  more convent ional  PWC 
170 

was a l s o  determined. These two values were determined by a  t e s t  session 

th ree  increas ing  submaximal loads, each o f  which l as ted  s i x  

performed by the  p a t i e n t .  This  method o f  eva lua t i on  meets 

i c a l  and c l i n i c a l  c r i t e r i a  because the  t e s t  can be e a s i l y  

i en ts  and can be i n t e r r u p t e d  q u i c k l y  when an abnormal 

e lec t rocard iogram appears o r  when a  hea r t  r a t e  o f  170 beats per  minute was 

reached. These features were recognized e a r l i e r  by Denol i n  -- e t  a l .  (1967). 

A l l  sub jec ts  showed a  s i g n i f i c a n t  increase i n  t h e i r  phys i ca l  work 

capac i ty  over the  pe r iod  o f  2 4  weeks. The d i f f e r e n c e s  i n  the  magnitude o f  

t he  change appears t o  be r e l a t e d  t o  the  type o f  exe rc i se  t r a i n i n g  and a l s o  

t o  t h e i r  i n i t i a l  l e v e l  o f  f i t n e s s .  The th ree  graphs i n  F igure  20 support 

t he  view t h a t  w h i l e  a l l  forms o f  t r a i n i n g  produced improvement i n  PWC,70, 

cont inuous ergometry was the  best  method and the  improvement w i t h  the 

cont inuous ergometry cou ld  on l y  be maintained w i t h  the  c y c l i c  e f f o r t ,  no t  

enhanced. The ca l i s then ic -wa lk - j og  program produced the  smal lest  changes. 

The f a c t  t h a t  t h i s  group t r a i n e d  under superv is ion  th ree  times per  week and 

walked on the days between compared t o  f i v e  t imes per week f o r  the ergometry 

t r a i n e d  sub jec ts  could have been a  f a c t o r  i n f l uenc ing  the  small change 

a l though t o t a l  t r a i n i n g  t ime ( i n  minutes) per  week was the same f o r  a1 1 
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groups. Fu r the r  i n v e s t i g a t i o n s  should be c a r r i e d  o u t  t o  compare o t h e r  

forms and methods o f  t r a i n i n g .  

I n  a recen t  d i scuss ion  on c u r r e n t  l e v e l s  o f  f i t n e s s ,  Cumming (1967) 

reviewed t h r e e  s t u d i e s  which quoted va lues f o r  PWC o f  Canadian men 
170 

twenty t o  f o r t y  years o f  age. These s t u d i e s  i nc l uded  medical  s tuden ts ,  

managers and f a c t o r y  workers;  t h e  average PWC was 1032 kpm/min. The 
170 

p resen t  group o f  f o u r t e e n  sub jec t s  had an i n i t i a l  v a l u e  o f  769 kpm/min which 

increased w i t h  t r a i n i n g  t o  an average va lue  o f  1151 kpm/min. The mean va lue  

f o r  t h e  t e n  sub jec t s  who t r a i n e d  by b i c y c l e  ergometry,  inc reased  t o  1200 

kpm/min which i s  cons ide rab l y  g r e a t e r  than  t he  "heal thy"  men t h a t  Cumming 

has discussed. 

C i r c u l a t o r y  Response t o  T r a i n i n g  

2 

General 

A c o n t r o l l e d  warm-up as a r o u t i n e  p a r t  o f  t h e  t e s t  sess ion was used 

because a more s t a b l e  and r e p r o d u c i b l e  b a s e l i n e  r e s u l t e d .  T h i s  was found 

t o  be t h e  case i n  t h e  c i r c u l a t o r y ,  r e s p i r a t o r y  and ac id-base ba lance 

parameters.  

The observed decreases i n  r e s t i n g  and e x e r c i s e  h e a r t  r a t e  f o r  a s tandard 

work r a t e ,  decreases i n  r e s t i n g  and e x e r c i s e  a r t e r i a l  b lood  p ressu re  and 

decreases i n  warm-up and e x e r c i s e  myocard ia l  oxygen consumption a r e  s i m i l a r  

t o  t he  changes seen i n  h e a l t h y  sedentary  o r  a t h l e t i c  sub jec t s  as d iscussed 

by F r i c k  (1968).  S i m i l a r  changes r e s u l t i n g  from e x e r c i s e  r e h a b i l i t a t i o n  o f  

p a t i e n t s  w i t h  healed myocard ia l  i n f a r c t i o n  have been repo r ted  by Naughton 

e t  a l .  (1966), Varnauskas e t  a l .  (1966), H e l l e r s t e i n  e t  a l .  (1967a, 1967b, -- -- -- 
1968) and F r i c k  and K a t i  l a  (1968).  These f i n d i n g s  i n d i c a t e  t h a t  t h e  

convalescent  ca rd iac  p a t i e n t  responds t o  t r a i n i n g  s i m i l a r l y  t o  h e a l t h y  
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unt ra ined i n d i v i d u a l s .  The magnitude and r a t e  o f  change o u t l i n e d  i n  t he  

r e s u l t s  o f  t h i s  study appeared t o  be r e l a t e d  t o  the type o f  t r a i n i n g  

fo l lowed.  The l a rges t  changes occurred w i t h  the  cont inuous b i c y c l e  ergometry. 

A lower degree o f  anx ie t y ,  observed s u b j e c t i v e l y ,  i n  t he  p a t i e n t s  as a r e s u l t  

o f  t r a i n i n g  might a l s o  be a c o n t r i b u t o r y  f a c t o r  t o  t h e  decrements i n  hea r t  

ra te ,  b lood pressure and myocardial  oxygen demand. I n  a d d i t i o n ,  the  response 

o f  var ious  hemodynamic va r iab les  t o  t r a i n i n g  a re  probably r e l a t e d  t o  t h e  

p a t i e n t ' s  i n i t i a l  f i t n e s s  l e v e l .  Fo r tuna te l y ,  i n  the  present  i n v e s t i g a t i o n ,  

t h i s  was un i fo rm ly  low. 

Bradycardia a t  Rest and Exerc ise  a able 10) 

Rest ing bradycardia ( i n  t h i s  study, warm-up bradycardia)  i s  a f u n c t i o n a l  

change and the  evidence suggests t h a t  t h i s  i s  due t o  increased a c e t y l c h o l i n e  

content  i n  the  s inus node area ( ~ i ~ t o n ,  1965). F r i c k ,  E lova in io  and Somer 

(1967) have shown, by us ing  experiments w i t h  beta-adrenergic an tagon is ts ,  

t h a t  reduced hea r t  ra tes  upon e x e r t i o n  a f t e r  t r a i n i n g  imp l i es  d imin ished 

sympathetic d r i v e .  

Tension Time Index (TTI)  able 14) 

Bradycardia du r ing  r e s t  and exerc ise ,  together  w i t h  the decreased 

s y s t o l i c  pressures, s i g n i f i c a n t l y  reduces the  tens ion  t ime index o r  

myocardial oxygen demand. The decrease i n d i c a t e d  t h a t  a f t e r  t r a i n i n g  the  

subject  can per form more ex te rna l  work be fore  oxygen consumption o f  the  

hear t  a t t a i n s  a g iven l e v e l .  Th i s  i s  encouraging s ince  the  t r a i n i n g  o f  

card iac  p a t i e n t s  i s  aimed a t  improving the  r a t i o  o f  oxygen supply t o  

myocardial oxygen demand. Th is  cou ld  s i g n i f y  t h a t  the myocardium has 

become "more e f f i c i e n t " .  A s i m i l a r  reduc t ion  had been observed by 

He1 l e r s t e i n  (1968), F r i c k  and Kat i l a  (1968) and Kasch and Boyer (1969). 



Oxygen Pul se (Table 10) 

Oxygen p u l s e  (GO~IHR) i ncreased f o r  

except  i n  one ins tance  (FC) .  I n  t h e  ca 

a l l  s u b j e c t s  o f  Groups 1  and 2 

l i s t h e n i c s - w a l k - j o g  program a  smal 

increase was seen i n  o n l y  one s u b j e c t  (JD) and t h i s  occur red  i n  t he  l a t e r  

stages o f  t h i s  program. Increases occur red ,  however, a f t e r  a change o f  

t r a i n i n g  f rom j o g g i n g  t o  b i c y c l i n g .  The l a r g e s t  increases i n  oxygen p u l s e  

occur red  w i t h  t h e  h i g h e r  e v a l u a t i o n  work r a t e s .  Benestad (1968) has shown 

t h a t  u n t r a i n e d  c a r d i a c  p a t i e n t s  have c h a r a c t e r i s t i c  low maximal e x e r c i s e  

oxygen p u l s e  va lues .  The p resen t  s tudy  has shown t h a t  f o l l o w i n g  a p p r o p r i a t e  

t r a i n i n g  t h i s  s i t u a t i o n  can be improved. An inc rease  i n  oxygen p u l s e  i s  

even more s i g n i f i c a n t  i n  t h i s  s tudy  because accompanying t h e  decrease i n  

e x e r c i s e  h e a r t  r a t e  was a  decrease i n  e x e r c i s e  oxygen uptake, neve r the less  
* 

oxygen p u l s e  r a t i o  was increased w i t h  t r a i n i n g .  T h i s  da ta  i n d i c a t e s  a  more 

economic o r  e f f i c i e n t  system, where a  l a r g e r  oxygen e x t r a c t i o n  occurs  pe r  

h e a r t  beat  d u r i n g  a  s p e c i f i c  t ask .  I t  i s  e s p e c i a l l y  p e r t i n e n t  t o  t h e  c a r d i a c  

p a t i e n t  when a  submaximal t a s k  can be per formed adequate ly  a t  a  lower  h e a r t  

r a t e  and s t i  11 supp ly  t h e  adequate energy (Go2). 

Blood Pressure  a able 13) 

For most s u b j e c t s  e x e r c i s e  s y s t o l i c  b lood  p ressure  decreased. Res t ing  

va lues a l s o  decreased f o r  many sub jec t s ,  however, an inc rease  

a f t e r  an absence f rom t r a i n i n g  g r e a t e r  than  two weeks ( IB and 

d i a s t o l i c  b l ood  p ressure  was s i g n i f i c a n t l y  reduced w i t h  t r a i n  

and 2. I n  t h r e e  sub jec t s  (MB, LM and NS) who s t a r t e d  t h e  p r o  

was observed 

MW). Res t i ng  

ng i n  Groups 1  

ram w i t h  

"normal" b lood  p ressure  t h e r e  was a  decrease f o r  a  cons iderab le  p o r t i o n  o f  

t r a i n i n g ,  however, b l ood  p ressure  then  increased t o  t h e  i n i t i a l  va lues .  I n  

o t h e r  parameters,  t h e  e f f e c t s  o f  h o l i d a y s  were a l s o  e v i d e n t .  Varnauskas 
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e t  a l .  (1966) f e l t  t h a t  lower ing the  card iac  output  i n  bo th  r e s t  and exerc ise  -- 

may have con t r i bu ted  t o  t h i s  change i n  blood pressure. The pressure drop, 

together  w i t h  the decreased b lood- f low t h a t  they found i n  t h e i r  s tud ies ,  

resu l ted  i n  a  s i g n i f i c a n t  lower ing  o f  the l e f t  v e n t r i c u l a r  work. They 

concluded t h a t  the  hemodynamic e f f e c t  o f  t r a i n i n g  which was respons ib le  f o r  

t he  demonstrated increased work ing capac i ty  was the  s i g n i f i c a n t l y  lowered 

l e f t  v e n t r i c u l a r  work. F r i c k  and K a t i l a  (1968) a l s o  found an improvement 

i n  l e f t  v e n t r i c u l a r  f unc t i on  a long w i t h  a  s i g n i f i c a n t  increase i n  t he  r a t e  

o f  r i s e  o f  r i g h t  v e n t r i c u l a r  pressure. They a t t r i b u t e d  these r e s u l t s  t o  

myocardial  hypertrophy, which through reduced compliance a l s o  accounted f o r  

the  increased v e n t r i c u l a r  f i l l i n g  pressures. 

Developed C o l l a t e r a l  C i r c u l a t i o n  
* 

The improvement i n  phys ica l  work capac i t y  may be due t o  the  t r a i n i n g - i n -  

duced acce le ra t i on  o f  c o l l a t e r a l  i n te rco rona ry  c i r c u l a t i o n  development and 

t h e r e f o r e  improved blood supply t o  the  ischemic area o f  the  myocardium. Th is  

was f i r s t  found exper imenta l l y  by Eckste in (1957) and l a t e r  conf irmed by 

o the rs ,   e eon and Bloor, 1968 and Tomanek, 1970). Kat tus (1968) has shown 

t h a t  myocardial  revascu la r i za t i on  occurs i n  ca rd iac  p a t i e n t s  through an exer- 

c i s e  r e h a b i l i t a t i o n  program. The disappearance o f  angina i n  the  sub jec ts  i n  

the present  study, e s p e c i a l l y  sub jec ts  FC, JD and MW, and the  disappearance 

of  premature ec top i c  con t rac t i ons  cou ld  be a t t r i b u t e d  t o  myocardial  revas- 

c u l a r i z a t i o n .  The d i f f i c u l t y  o f  o b t a i n i n g  medical approval f o r  p re  and pos t -  

t r a i n i n g  coronary angiograms denied the  i n v e s t i g a t i o n  o f  t h i s  poss ib le  

eva lua t i on .  The e l i m i n a t i o n  of  premature v e n t r i c u l a r  beats by exerc ise  

condi t i o n i  ng was a l s o  repor ted  by He1 l e r  (1967) and He1 l e r s t e i n  (1968). Many 

p a t i e n t s  i n  the present program a l s o  cou ld  be withdrawn from o r  mainta ined 



on reduced dosages o f  med ica t ion  f o r  c a r d i a c  a r rhy thm ias  and f rom 

c a r d i o t o n i c  agents.  

Card iac Output (Tables 6  and 11) 

The c o n s i s t e n t  decrease shown i n  c a r d i a c  o u t p u t  i n  submaximal e x e r c i s e  

i n  t h i s  s tudy was a l s o  observed by Varnauskas e t  a l .  (1966) i n  t h e i r  cardpac -- 
r e h a b i l i t a t i o n  program. Clausen e t  a l .  (1969) a l s o  found a  s i g n i f i c a n t  -- 
decrease i n  t he  c a r d i a c  ou tpu t  f o r  a  g i v e n  oxygen uptake i n  two o f  n i n e  

p a t i e n t s .  The c o n d i t i o n i n g  response observed by F r i c k  and K a t i l a  (1968) 

was a  reduced h e a r t  r a t e / i  ncreased s t r o k e  v o l  urne p a t t e r n  w i t h  c a r d i a c  o u t p u t  

lower a t  t he  f i r s t  t e s t i n g  bu t  n o t  a t  t h e  second. The au thors  suggested 

t h a t  t h e  lower c a r d i a c  o u t p u t  a t  t h e  f i r s t  l oad  was caused by an inc rease  

i n  t h e  mechanical e f f i c i e n c y  a t  a  l oad  a t  which t h e  s u b j e c t s  had mos t l y  been 

t r a i n e d .  Some o f  t h e  e x e r c i s e  responses e v i d e n t  i n  t h e  s tudy  by F r i c k  and 

K a t i l a  a r e  d i f f e r e n t  f rom t h e  p resen t  s tudy  and o t h e r s  p robab ly  due t o  t he  

f a c t  t h a t  supine exe rc i se  e v a l u a t i o n  was used by t h e  former  group and 

u p r i g h t  e x e r c i s e  e v a l u a t i o n  has been used by t h e  p resen t  and o t h e r  s tud ies .  

I n  t h e  s tudy  by F r i c k  and K a t i l a  (1968), r e s t i n g  h e a r t  r a t e ,  s t r o k e  volume 

and c a r d i a c  o u t p u t  remained a t  t he  p r e t r a i n i n g  l e v e l  whereas i n  t h e  s tudy by 

Varnauskas e t  a1 . (1966) r e s t i n g  c a r d i a c  o u t p u t  was decreased. I n  t h e  -- 
present  s tudy,  warm-up h e a r t  r a t e  g e n e r a l l y  decreased w h i l e  s t r o k e  volume 

showed a  smal l  c o n s i s t e n t  increase and warm-up c a r d i a c  o u t p u t  showed a  smal l  

average decrease f o r  a l l  groups. These changes were no t  however s t a t i s t i c a l l y  

s i g n i f i c a n t .  

At r e s t ,  t he  i n v e s t i g a t i o n  o f  F r i c k  and K a t i l a  (1968) showed a  t h i r t y -  

t h r e e  pe r  cen t  inc rease  i n  pulmonary c a p i l l a r y  wedge p ressure .  T h i s  r i s e  was 

compensated by a  t h i r t y - s i x  percen t  decrease i n  pulmonary vascu la r  r e s i s t a n c e  



197 
the re fo re  a l l ow ing  the pulmonary a r t e r i a l  pressure t o  remain a t  the 

p r e t r a i n i n g  l eve l .  The e leva ted  pulmonary capi 1 l a r y  wedge pressures were 

i n t e r p r e t e d  as being r e l a t e d  t o  noncompliant l e f t  v e n t r i c l e s  due t o  f i b r o s i s  

and s c a r r i n g  inherent  i n  coronary a r t e r i a l  disease. T r a i n i n g  increased 

these pressures a t  r e s t  w i t h o u t  any increment i n  the r a d i o l o g i c a l l y  determ 

hear t  volumes. Myocardial  hypertrophy superimposed on the a l ready  noncomp 

l e f t  v e n t r i c l e s  was a l s o  suggested as a poss ib le  explanat ion.  

Varnauskas e t  a l .  (1966) and Ekblom (1969) suggested the decrease i n  -- 

i ned 

1 i a n t  

card iac  ou tput  w i t h  phys ica l  c o n d i t i o n i n g  i s  accompanied by an a l t e r a t i o n  o f  

i t s  d i s t r i b u t i o n .  With increas ing  work loads a p rog ress i ve l y  g rea te r  

p r o p o r t i o n  o f  the l i n e a r l y  inc reas ing  card iac  ou tpu t  i s  d i r e c t e d  t o  the 

working muscles and the myocardium, whereas the f l o w  t o  the  non-exerc is ing 

t i ssues  shows a concomitant decrement. The decrease i n  ca rd iac  ou tput  a t  

submaximal work loads a f t e r  t r a i n i n g  i s  a t t r i b u t e d  t o  a r e d i s t r i b u t i o n  o f  

b lood f l o w  from o the r  body t i ssues  t o  the e x e r c i s i n g  muscles. I t  i s  

suggested t h a t  a f t e r  t r a i n i n g ,  the  pe r fus ion  o f  the  e x e r c i s i n g  muscles was 

favored by a more pronounced r e s t r i c t i o n  o f  sp lanchnic and renal  f low.  

Clausen (1970) and Clausen -- e t  a1. (1969,1970) showed t h a t  a c t u a l l y  a f t e r  

phys i ca l  c o n d i t i o n i n g  the  pe r fus ion  o f  these non-exerc is ing t i ssues  i s  

r e l a t i v e l y  increased a t  a submaximal work load, however, card iac  output  i s  

decreased due t o  a reduc t ion  i n  the ske 

myocardi um and exe rc i  s i ng muscle) . The 

a change might  be fundamental f o r  the a 

reducing general sympathet ic vasoconstr 

e ta1  muscle b lood f lw  (both 

i n v e s t i g a t o r s  suggested t h a t  such 

te red  c i r c u l a t o r y  r e g u l a t i o n  by 

c t i o n  dur ing  exerc ise .  These 

f i n d i n g s  a re  cont rary  t o  c l a s s i c a l  t heo r ies  o f  exerc ise  b lood f l ow  b u t  are 

f u r t h e r  supported by i n v e s t i g a t i o n  which has shown an increased oxygen 

e x t r a c t i o n  i n  the t r a i n e d  muscle ( ~ o l l o s z y ,  1967). Biochemical s tud ies  i n  
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a c t  i v 

1s a l s o  have shown t h a t  phys ica l  c o n d i t i o n  

i t y  o f  o x i d a t i v e  mi tochondr ia1 enzymes and 
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i ng  r e s u l t s  i n  increased 

an increase i n  the  number 

and s i z e  o f  the mi tochondr ia ( ~ o l l o s z y ,  1967; G o l l n i c k  and King, 1969; 

Ban is te r ,  Tomanek and Cvorkov, 1971 ) . 
Clausen (1 970) concluded t h a t  the b e n e f i c i a l  e f f e c t  o f  coronary 

r e h a b i l i t a t i o n  programs on angina p e c t o r i s  i s  main ly  due t o  a " reduct ton a t  

a g iven submaximal work l e v e l  o f  two o f  the  main determinants o f  t he  

myocardial  oxygen requirement - i .e .  the hea r t  r a t e  and the  s y s t o l i c  b lood 

pressure". Decrement i n  these parameters i s  a f e a t u r e  o f  t he  present  study. 

He cont inued by suggest ing t h a t  the reduced hea r t  r a t e  r e s u l t i n g  from phys ica l  

t r a i n i n g  i s ,  i n  normal people, due t o  an increased s t roke  volume. However, 

the  present  study shows t h a t  some p a t i e n t s  w i t h  coronary hea r t  disease do not  

increase t h e i r  s t roke  volume i n  response t o  t r a i n i n g .  They o b t a i n  lower hea r t  

ra tes  a t  a g iven work load because the  card iac  ou tput  decreases, poss ib l y  

due t o  lowered muscle blood f l ow .  

I n  exp lanat ion  o f  r e s u l t s  con t ra ry  t o  the  above theory Clausen -- e t  a l .  

(1969) suggested t h a t  an augmentation o f  the  f l o w  t o  the  non-working t i ssues  

occurred i n  such cases. They cont inued by s t a t i n g  t h a t :  

"an acceptable exp lana t i on  f o r  t h i s  phenomenon i s  a v a i l a b l e  
when i t  i s  concerned t h a t  p a t i e n t s  w i t h  coronary a r t e r y  
disease (CAD) general 1 y have subnormal values f o r  s t roke  

ume and card iac  ou tput  f o r  a g iven oxygen consumption. 
a consequence a more pronounced r e s t r i c t i o n  o f  t he  f l o w  
nonworking t i ssues ,  e f f e c t e d  by an abnormally steep r i s e  
the general sympathet ic v a s o c o n s t r i c t i v e  tone, i s  needed 
a g iven work load, t o  p rov ide  a s u f f i c i e n t  b lood supply 
the  working muscles ... I f  the  same work can be performed 

t e r  phys i ca i  c o n d i t i o n i n g  w i t h  lower muscle blood f low,  a 
reduc t ion  o f  the  sympathet ic tone and thus of  the  pe r iphe ra l  
res is tance,  i s  poss ib le .  Hereby a more adequate pe r fus ion  
o f  the nonexerc is ing t i ssues  could be obtained." 

I n  t he  present  study the  e f f e c t s  of  phys i ca l  c o n d i t i o n i n g  on submaximal 

exerc ise  s t roke  volume was v a r i a b l e ,  however, i n  most sub jec ts ,  i t  e i t h e r  
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remained unchanged o r  showed an increase i n  the e a r l y  p e r i o d  fo l l owed  by a  

decrease throughout the r e s t  o f  the program. Th is  decrease o f t e n  occurred 

du r ing  the  p e r i o d  o f  the  most successful  type o f  t r a i n i n g  - cont inuous 

b i c y c l e  ergometry. Varnauskas -- e t  q1. (1966) a l s o  observed s i g n i f i c a n t l y  

lower values f o r  exerc ise  s t roke  volume a f t e r  t r a i n i n g .  I n  a  few sub jec ts  

the decrease i n  ca rd iac  ou tput  occurred p r i m a r i l y  through a  reduct ion  i n  

hea r t  r a t e  w i t h  o n l y  a  smal l  change i n  s t roke  volume. 

F r i c k  and K a t i l a  (1968) s t a t e  t h a t  i n  the  case o f  those sub jec ts  who 

show a  reduced hea r t  ra te / increased s t roke  volume t r a i n i n g  p a t t e r n ,  the  

increased s t roke  volume i n  coronary p a t i e n t s  i s  due t o  card iac  hyper t rophy 

w i thou t  a  change i n  hea r t  volume. Inves t i ga t i ons  have shown t h a t  w i t h  

"normal" sub jec ts  the increased s t roke  volume t r a i n i n g  response i s  r e l a t e d  
t 

t o  a  hea r t  volume increment which does no t  apparent ly  occur  w i t h  coronary .- 
p a t i e n t s .  

Benestad (1968) suggests t h a t  f o r  many pos t  i n f a r c t i o n  p a t i e n t s  low 

aerob ic  work power can be r e l a t e d  t o  t h e  myocardial  l es ion ,  which may have 

reduced the  mass o f  c o n t r a c t i l e  s t r u c t u r e s  thereby imposing a  card iac  

l i m i t a t i o n  on maximal work ou tput .  Among o the r  consequences t h i s  would 

reduce c o n t r a c t i l e  power. Th is  cou ld  be a  poss ib le  reason f o r  t he  f a i l u r e  

o f  sub jec ts  JD, EK and MW t o  increase exerc ise  s t roke  volume above r e s t i n g  

l e v e l s  and the re fo re  y i e l d s  low exerc ise  ca rd iac  ou tputs  and l i m i t s  work 

capac i ty .  Other poss ib le  explanat ions inc lude noncompliant v e n t r i c l e s ,  due 

t o  f i b r o s i s  and sca r r i ng ,  and incomplete v e n t r i c u l a r  f i l l i n g  due t o ,  among 

o the r  f a c t o r s ,  poor venous re tu rn .  

Studies by Clausen -- e t  a l .  (1969, 1970) and F r i c k  -- e t  a l .  (1968) have 

ca l cu la ted  the  exerc ise  e f f e c t  on t o t a l  pe r iphe ra l  vascular  res is tance.  From 
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the  values o f  mean a r t e r i a l  blood pressure (P ) and card iac  output  

A mean 

(c.o.)  the  t o t a l  p e r i  hera l  vascular  res is tance (TPVR) can be c a l c u l a t e d  

'A mean (mmHg 

(TPVR = C.O.  I /min 

! 
) From t h e  changes induced by t r a i n i n g  i n  t h i s  

NS: 10.3 -+ 9.30 mmHg/l/min, (900 kpm/min) ; Grp 2, 

mmHg/l/min, (875 kpm/min); Grp 3, Subj BQ: 6.27 -+ 

kpm/mi n))  . However, r e s t  i ng values f o r  TPVR rema 

I n i t i a l  + 24 weeks, Grp 1 :  17.58 -t 17.52 mmHg/l/m 

study i t  seems feas ib le  t h a t  a decrease i n  TPVR, du r ing  t e s t i n g  work ra tes ,  

would have occurred i n  many p a t i e n t s  and indeed they were (e.g. Grp 1 ,  Subj 

Subj DB: 8.52 -+ 8.06 

5.36 mmHg/l/min, (750 

i ned unchanged ( ~ r o u ~  Means : 

i n ;  Grp 2: 19.52 -+ 19.49 

mmHg/l/min; Grp 3: 15.28 +15.96 mm~g/l /min). .  In the  four  t o  t en  week 

rehabi 1 i t a t  i on study o f  C 1 ausen and Trap-Jensen (1  970) TPVR was unchanged 

a t  r e s t  and du r ing  moderate submaximal work (60 per  cent o f  p r e t r a i n i n g  
t 

maximum) but  was s i g n i f i c a n t l y  lower a t  t h e  heavy work load which was an 
8 .  . . .  . 

average o f  633 kpm/min (a load the  sub jec t  cou ld  t o l e r a t e  be fore  t r a i n i n g  

f o r  twelve t o  f i f t e e n  minutes).  Due t o  the  sho r t  t r a i n i n g  p e r i o d  used, the  

magnitude o f  t h i s  change was much less  than i n  t he  present  study. F r i c k  

e t  a l .  (1968) d i d  no t  f i n d  a s i g n i f i c a n t  change w i t h  t r a i n i n g .  These -- 
dif fe rences i n  observed t r a i n i n g  e f f e c t s  a re  probably due t o  the  f a c t  t h a t  

t he  p a t i e n t s  i n  former s tud ies  exerc ised i n  the  u p r i g h t  p o s i t i o n  whereas 

those i n  the  study o f  F r i c k  -- e t  a l .  (1968) were examined i n  the supine 

p o s i t i o n .  

Red blood c e l l  count,  hematocr i t ,  mean c e l l  vo 

which were were r o u t i n e l y  measured, d i d  not  change 

the  four teen sub jec ts .  

lume and hemoglob 

s i g n i f i c a n t l y  i n  

i n ,  

any of  



Respi r a t o r y  and Metabol i c Responses t o  T r a i n i n g  

Pulmonary Funct ion 

The pulmonary f u n c t i o n  t e s t s  o f  r e s t i n g  t i d a l  volume and r e s p i r a t o r y  

r a t e  d i d  no t  change w i t h  t r a i n i n g .  V i t a l  capac i ty  and values f o r  FEV 
1 

showed o v e r - a l l  smal l  s i g n i f i c a n t  increases  a able 8 ) .  I n  a l l  groups a 

s i g n i f i c a n t  increase i n  v i t a l  capac i ty  occurred a f t e r  ten weeks o f  t r a i n i n g  

however no f u r t h e r  increase occurred af terwards.  

Some sub jec ts  ( IB,  DB, MB, WF and WS) showed considerable increases i n  

t h e i r  FEVl. The increases u s u a l l y  occurred i n  the e a r l y  p a r t  o f  the t r a i n i n g  

except i n  the case o f  WF who showed an increase i n  the l a t e r  stage when 

t r a i n i n g  was changed t o  the ergometer. These e a r l y  increases i n  the "dynamic 

sp i  rometer parameters'' i n d i c a t e  increased mechanical p r o p e r t i e s  o f  the lungs 

f' 

and chest w a l l .  

Respi ratory Gas Exchange and Metabol i c  Responses ( ~ a b l e s  7, 9, 10 and 12) 

The maximal oxygen uptake o f  these p a t i e n t s  were n o t  measured because i t  

was n o t  considered safe.  The l a rge  increases i n  phys i ca l  work capac i ty  

i n d i c a t e  increased maximal oxygen uptake. D i r e c t  measurements o f  oxygen 

uptake and carbon d iox ide  e l i m i n a t i o n  were measured r o u t i n e l y  f o r  the  th ree  

eva lua t i on  work ra tes .  Benestad (1968) found t h a t  the mean values f o r  

oxygen uptake f o r  twenty- four  card iac  p a t i e n t s  were h igher  t h a ~  f o r  a 

comparable group e s p e c i a l l y  a t  lower ra tes  o f  work. The i n v e s t i g a t i o n  a l s o  

found t h a t  the pulmonary v e n t i l a t i o n  e f f i c i e n c y  f o r  the ca rd iac  p a t i e n t s  was 

lower than f o r  the normals. The d e t e r i o r a t i o n  was no t  so d i s t i n c t  as i n  a 

group o f  o l d  people (70-83   ears). 

The t r a i n i n g  response shown i n  the present  r e h a b i l i t a t i o n  study was 

i d e n t i f i e d  by reduced v e n t i l a t i o n ,  oxygen uptake and carbon d iox ide  
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e l i m i n a t i o n  f o r  submaximal work ra tes  i n  a l l  sub jec ts .  F r i c k  and K a t i l a  

(1968) observed t h a t  dur ing  t h e i r  f i r s t  exe rc i se  load bo th  v e n t i l a t i o n  and 

oxygen uptake were lower i n  every sub jec t  a f t e r  the  t r a i n i n g  bu t  a t  the 

second load the changes were n o t  s i g n i f i c a n t .  Clausen e t  a l .  (1969) found -- 
a s i g n i f i c a n t  decrease i n  v e n t i l a t i o n  however oxygen uptake d i d  n o t  change. 

No changes were seen i n  e i t h e r  v e n t i l a t i o n  o r  oxygen uptake f o r  submaximal 

work loads e i t h e r  i n  the program o f  Varnauskas e t  a1 . (1966). I t  must be -- 
remembered however, when comparing any o f  the r e s u l t s  o f  t he  present  study 

t o  o thers  i n  the 1 i te ra tu re ,  t h a t  t h i s  s tudy occur red  over  s i x  months as 

compared t o  f o u r  t o  s i x  weeks f o r  Varnauskas -- e t  a1 . (1966), F r i c k  and Ka t i  l a  

(1968) and Clausen -- e t  a l .  (1969). The t r a i n i n g  response o f  normal sub jec ts  

i n  terms o f  submaximal v e n t i  l a t i o n  and oxygen uptake v a r i e s  from study t o  . 
study. Astrand and Rodahl (1970) presented evidence t h a t  i n  one group the 

two decreased and i n  another v e n t i  l a t i o n  decreased whereas oxygen uptake 

was unchanged. 

During submaximal work pulmonary v e n t i  l a t i o n  i s  p r i m a r i  l y  determined by 

the CO p roduct ion  which i s  d i r e c t l y  r e l a t e d  t o  the  oxygen u t i l i z a t i o n  
2 

(Astrand and Rodahl , 1970). Since the b lood l a c t a t e  l e v e l  has been shown 

t o  be lower a f t e r  submaximal work f o l l o w i n g  t r a i n i n g  i n  t h i s  and o the r  

s tud ies ,  (AS t r and  and Rodahl , 1970), the resp i  r a t o r y  d r i v e  i s  reduced. 

This  r e s u l t s  i n  a reduc t ion  o f  pulmonary v e n t i  l a t i o n .  The decreases i n  

v e n t i l a t i o n  and oxygen uptake may be accounted f o r  by cons idera t ion  o f  the 

e f f e c t s  o f  coronary hea r t  disease and phys i ca l  c o n d i t i o n i n g  on the e f f i c i e n c y  

o f  muscular work. Whipp and Wasserman (1969) s t a t e  t h a t  p a t i e n t s  w i t h  a o r t i c  

s tenosi  s and o the r  forms o f  coronary h e a r t  disease requi  re  supplemental 

energy ( subs t ra te  and oxygen) t o  perform a g iven workload, s ince  ca rd iac  work 

i s  increased. The increased card iac  work i s  no t  p a r t  o f  the measured ex te rna l  
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work bu t  does r e s u l t  i n  an increase i n  oxygen uptake. They suggest t h a t  t he  

''work e f f i c i e n c y 1 '  of  these sub jec ts  i s  thereby reduced. Abramovich (1948) 

has shown t h a t  oxygen consumption i n  man w i t h  compensated ca rd iac  hyperfunc- 

t i o n  i s  increased by an average of twelve per  cent under basal metabol ic  

cond i t ions . Levi ne and Wagman ( 1  962) s tud i ed myoca r d  i a 1 oxygen consump t ion  

i n  twelve hea l thy  i n d i v i d u a l s  and i n  seven i n d i v i d u a l s  w i t h  o v e r t  h e a r t  

f a i l u r e  secondary t o  v a l v u l a r  l e s i o n  o r  hyper funct ion.  The hyper t roph ied  

hea r t  o f . t h e  card iac  p a t i e n t  u t i l i z e d  s i x teen  per  cent  o f  t h e  e n t i r e  oxygen 

consumption o f  the body whereas the normal hea r t  accounted f o r ' o n l y  f i v e  t o  

s i x  per  cent  o f  t h i s  t o t a l .  The authors concluded t h a t  t he  hyper t roph ied  

hear t  ac t s  as an "oxygen t rap" .  As t r a i n i n g  progresses i t  i s  poss ib le  t h a t  

t h i s  e x t r a  card iac  work w i  1 1  be reduced and t h e  t o 2  f o r  a standard work r a t e  
., 

w i  11  decrease (i .e. "work e f f i c i e n c y "  increases) .  The biochemical and- .  \ 
mitochondria1 changes induced by exe rc i se  t r a i n i n g  w i l l  a l l o w  g rea te r  oxygen 

e x t r a c t  i o n  and decrease myocard i a1 oxygen uptake ( ~ o l  loszy , 1967 ; Go1 l n  i ck 

and King, 1969; Ban is te r ,  Tomanek and Cvorkov, 1971). Whipp and Wasserman 

cont inue i n  t h e i r  d iscuss ion  o f  t he  e f f i c i e n c y  o f  muscular work by s t a t i n g  
-- 

I 

t h a t  phys ica l  t r a i n i n g  w i l l  a l l o w  the  performance o f  a  task  w i t h  less  s t ress  1 

on an organ system. For example, pulmonary v e n t i l a t i o n  necessary f o r  a  given 

task  w i l l  be less i n  a  t r a i n e d  than i n  an un t ra ined  sub jec t .  They descr ibe  

t h i s  as an increased "phys io log ica l  e f f i c i e n c y "  which i s  s p e c i f i c  t o  t he  organ 

system under cons idera t ion .  They have described another form o f  e f f i c i e n c y  

which has t o  an ex ten t  taken p lace w i t h  a l l  sub jec ts  i n  the e a r l y  p a r t  o f  

t r a i n i n g .  This  form, they c l a s s i f y  as "motor e f f i c i e n c y "  which r e l a t e s  t o  

the  ac tua l  work ou tput  i n  performing a  work task .  Th i s  i s  increased when 

a  more s k i l l f u l  performance decreased the work requ i red  t o  per form the  task .  

Therefore, as a  r e s u l t  o f  the  twenty- four  week r e h a b i l i t a t i o n  program i n  t h i s  
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s tudy a l l  sub jec t s  have shown increased work, p h y s i o l o g i c a l  and motor 

e f f i c i e n c y .  
. . 

The vent  i l a t  i o n  equ i va len t  (VE/V02) f o r  e i g h t  o f  t h e  f o u r t e e n  sub jec t s  

decreased f o r  a  s tandard work r a t e  a f t e r  t r a i n i n g .  T h i s  decrease i n d i c a t e s  

an inc rease  i n  pulmonary v e n t i l a t i o n  e f f i c i e n c y  ( "phys io l og i ca l  e f f i c i e n c y 1 ' )  

The l a r g e s t  decreases were assoc ia ted  w i t h  t h e  low and i n te rmed ia te  work 

r a t e s .  Three sub jec t s  i n  Group 1 ,  f o u r  i n  Group 2 and o n l y  one i n  Group 3 

showed t h i s  decrease which suggests t h a t  ergometry  t r a i n i n g  induced the  

l a r g e s t  change i n  pulmonary e f f i c i e n c y .  I n  t h e  remain ing sub jec t s  t h e  

v e n t i l a t i o n  equ i va len t  remained unchanged i n d i c a t i n g  t h a t  pulmonary 

v e n t i l a t i o n  and 

t he  twen ty - f ou r  

o f  /Vo2 which 
E 

oxygen uptake decreased p r o p o r t i o n a l l y  w i t h  t r a i n i n g .  W i t h i n  

week p e r i o d  two s u b j e c t s  showed smal l  increases i n  t he  r a t i o  

r e s u l t e d  a f t e r  an a b s e k e  f rom t r a i n i n g .  However, f u r t h e r  
, 

t r a i n i n g  decreased t he  values once more. 

Carbon d i o x i d e  e l  i m i n a t i o n  was a l s o  observed t o  be s i g n i f i c a n t l y  reduced 

as a  r e s u l t  o f  t r a i n i n g .  The e f f e c t  and magnitude o f  t h e  reduced V C O ~  

may be seen i n  t he  reduced r e s p i r a t o r y  exchange r a t i o s .  Blood l a c t a t e s  and 

a l s o  base excess va lues were l ess  a t  a  submaximal t a s k  a f t e r  t r a i n i n g .  T h i s  

accounts p a r t l y  f o r  the  lower observed va lues  f o r  ~ C O  Carbon d i o x i d e  
2  ' 

e l i m i n a t i o n  w i l l  a l s o  be decreased due t o  t h e  decrease i n  pulmonary v e n t i l a -  

t i o n  as a  r e s u l t  o f  t he  increased " p h y s i o l o g i c a l  e f f i c i e n c y " .  Other c a r d i a c  

r e h a b i l i t a t i o n  programs have observed t he  lowered l a c t a t e  va lues w i t h  t r a i n i n g  

(~a rnauskas  -- e t  a l . ,  1966; F r i c k  and K a t i l a ,  1968 and Clausen -- e t  a l . ,  1969). 

Decreased l a c t a t e ,  base excess and R va lues can i n d i c a t e  increased a b i l i t y  

f o r  o x i d a t i v e  metabol ism a f t e r  t r a i n i n g  which would suppor t  t h e  t heo ry  o f  

increased oxygen e x t r a c t i o n  a l l o w i n g  f o r  t h e  reduced muscle b lood  f low t h a t  

Clausen (1970) c la ims  i s  r espons ib l e  f o r  t he  decreased c a r d i a c  o u t p u t  a f t e r  

t r a i n i n g .  F r i c k  and K a t i  l a  (1968) found reduced l a c t a t e  and excess l a c t a t e  
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concent ra t ions  a f t e r  t r a i n i n g  and suggested t h a t  t h i s  i s  a  r e s u l t  o f  a  

lower degree of  anaerobic metabolism and more e f f e c t i v e  splanchnic removal 

o f  l a c t a t e  a f t e r  the  t r a i n i n g .  Rowel1 e t  a l .  (1966) have shown t h a t  -- 
throughout the  course of  muscular exerc ise  a  l a r g e  f r a c t i o n  o f  l a c t a t e  

(est imated as 50 per  cent )  i s  removed by the  l i v e r ,  k idneys, hea r t  and 

s k e l e t a l  muscles. i t  i s  poss ib le  t h a t  a f t e r  t r a i n i n g  the  h e a r t  o f  these 

ca rd iac  p a t i e n t s  cou ld  remove p r o p o r t i o n a l l y  more l a c t a t e  f o r  i t s  metabolism 

e s p e c i a l l y  i n  the  l i g h t  o f  b e t t e r  coronary v q s c u l a r i z a t i o n .  

Serum L i p i d  Response t o  T r a i n i n g  ti able 5) 

Body weight remained unchanged i n  n ine  o f  t he  sub jec ts ,  increased 

s l i g h t l y  i n  th ree  (MB, HG, JD) and decreased i n  two (DB, F C ) .  I n  a1 1 sub jec ts  i 

serum cho les te ro l  l e v e l s  were s i g n i f i c a n t l y  reduced w i t h  t r a i n i n g  and w i t h  no 

man ipu la t ion  o f  d i e t .  The sub jLc t  who showed the  l a r g e s t  weight l oss  (DB) 

a l s o  had the  l a r g e s t  reduc t i on  i n  h i s  serum c h o l e s t e r o l  value (302 -+ 145 mg%), 

however, those sub jec ts  who increased weight a l s o  showed decreased cho les te ro l  

w i t h  t r a i n i n g .  Mal inov,  Per ley  and McLaughlin (1968a, 1968b, 1969) have 

shown i n  animals t h a t  the  o x i d a t i o n  o f  c h o l e s t e r o l  increases w i t h  muscular 

con t rac t i on .  The l i v e r  and adrenals have been shown t o  be main ly  responsib le 

f o r  s p l i t t i n g  the  s ide  cha in  o f  cho les te ro l  du r ing  muscular exerc ise .  However, 

c o n f l i c t i n g  evidence appears i n  the l i t e r a t u r e  on the  e f f e c t  o f  exerc ise  on 

the  reduc t i on  o f  serum l i p i d s .  Often, where phys i ca l  c o n d i t i o n i n g  was no t  

accompanied by a  decrease i n  body weight,  t he re  was no reduct ion  i n  

c h o l e s t e r o l  l e v e l s  (sk inner  -- e t  a l . ,  1967 and Po l l ock  -- e t  a l . ,  1969). Siege1 

e t  a l .  (1970) r e c e n t l y  have shown a  s i g n i f i c a n t  reduc t i on  i n  cho les te ro l  -- 

withou t  any l oss  i n  t o t a l  body weight .  

The mean serum t r i g l y c e r i d e  l e v e l s  o f  the  four teen sub jec ts  i n  t h i s  
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study showed a smal l  bu t  n o t  s i g n i f i c a n t  decrease w i t h  t r a i n i n g .  

I n d i v i d u a l l y ,  some sub jec t s  showed l a r g e  reduc t i ons .  As i n  t h e  s tudy  by 

Siege1 -- e t  a l .  (1970) t he  decrease was v a r i a b l e  i n  many sub jec t s .  I n  o n l y  one 

s u b j e c t  (HG) , however, d i d  a  c o n s i s t e n t  inc rease  occur .  Any absence from 

t r a i n i n g  increased t he  c u r r e n t  t r i g l y c e r i d e  l e v e l .  Sk inner  -- e t  a l .  (1967) 

observed a s i m i l a r  s i t u a t i o n  and concluded t h a t  t he  decrease i n  t h e  f a s t i n g  

serum t r i g l y c e r i d e s  which occur red  as a r e s u l t  o f  an e x e r c i s e  program was an 

acu te  s h o r t - t e r m  e f f e c t  t h a t  p e r s i s t e d  f o r  a t  l e a s t  f o r t y - f o u r  hours.  T h i s  

e f f e c t  a l s o  appeared t o  be cumula t i ve  when a r e g u l a r  endurance c o n d i t i o n i n g  

program was performed. I n  some sub jec t s  an e a r l y  response t o  e x e r c i s e  was an 

inc rease  i n  serum t r i g l y c e r i d e s  sugges t ing  a m o b i l i z i n g  e f f e c t  by e x e r c i s e  

b e f o r e  a reduc t i on  c o u l d  take  p lace .  I t  shou ld  be ment ioned t h a t  i n  t h e  
- 

p resen t  s tudy  a l l  serum l i p i d  va lues  were n o t  f a s t i n g  va lues.  These d e t e r -  

m ina t i ons  were taken  two hours a f t e r  a  l i g h t  b r e a k f a s t  and i t  was f e l t  t h a t  

these va lues  a r e  more meaningful  than an a r t i f i c i a l  twe l ve  hour f a s t i n g  va lue  

i n  t h a t  they  r e f l e c t  t h e  t r u e  l e v e l  t h a t  t h e  p a t i e n t  would possess th roughout  

h i s  d a i l y  l i v i n g .  

It i s  concluded t h a t  t he  hemdynamic and emot ional  changes which have 

occur red  i n  these f ou r t een  p a t i e n t s  form a r a t i o n a l  p h y s i o l o g i c a l  bas i s  f o r  

t h e  use o f  p h y s i c a l  t r a i n i n g  i n  t h e  r e h a b i l i t a t i o n  o f  t h e  pos t  myocard ia l  

i n f a r c t  p a t i e n t .  

Fu tu re  Cons idera t ions  - A Log i ca l  --- Progress ion 

As a r e s u l t  o f  t h i s  s tudy and t h e  l a r g e  number o f  p o s t - i n f a r c t i o n  p a t i e n t s  

i n  t h i s  area i t  has become apparent t h a t  a  more e l a b o r a t e  community involvement 

i s  necessary.  Var ious stages i n  t h e  r e h a b i l i t a t i o n  seem t o  be i n d i c a t e d .  The 

f i r s t  s tage occurs w i t h i n  t he  h o s p i t a l ' s  I n t e n s i v e  Care U n i t s .  The bed exe rc i se  

and types  o f  p h y s i c a l  a c t i v i t i e s  a p p r o p r i a t e  d u r i n g  t h i s  t ime  a r e  o u t l i n e d  by 



207 
Kot tke (1967). Once the p a t i e n t  leaves the h o s p i t a l ,  exerc ise  eva lua t ion  

tes ts  should be performed t o  i n d i c a t e  whether exerc ise  t r a i n i n g  is  considered 

appropr iate.  These t e s t s  could be performed i n  l o c a l  t e s t  centres.  On the 

bas is  o f  these r e s u l t s  an i n d i v i d u a l i z e d  exerc ise  program can be prescr ibed 

f o r  the p a t i e n t  t o  be done under c lose superv is ion  i n  the t e s t  cent re  w i t h  

continuous card iac  moni to r ing  i n  the  i n i t i a l  months. The present  study 

i nd i ca ted  t h a t  c lose superv is ion  i s  eas ies t  done w i t h  the  use o f  b i c y c l e  

ergometers. Warm-up c a l i s t h e n i c s  should be postponed f o r  a  p e r i o d  o f  t ime 

u n t i l  confidence i n  the sub jec t  i s  achieved. A f t e r  t h a t  t ime c lose a t t e n t i o n  

should be p laced on those overweight. The cyc l  i c  form of ergometry appears 

appropr ia te  f o r  those weak o r  w i t h  marked coronary i n s u f f i c i e n c y .  A f t e r  a  

pe r iod  o f  t ime, dependent on the  i n d i v i d u a l ,  continuous ergometry cou ld  be 
. . - .  

success fu l ly  used. Routine eva lua t ion  every two weeks, besides continuous 
r 

t r a i n i n g  moni tor ing,  i s  e s s e n t i a l  dur ing  t h i s  p e r i o d  t o  update the  exerc ise  

program and determine the  l e v e l  o f  medicat ion necessary. 

When the p a t i e n t s  a t t a i n  a  h igh  exerc ise  to le rance w i t h  freedom from 

arrhythmias and decreased dependence on drug therapy, the  need f o r  c lose 

superv is ion  and moni to r ing  decreases.. The p a t i e n t  can then be p laced i n  

the hands o f  an associated i n s t i t u t i o n  such as the YMCA which can handle ' 

l a r g e r  numbers but  a re  s p e c i a l l y  t r a i n e d  t o  supervise the  management o f  

these pa t ien ts .  Evaluat ion t e s t s  could be performed monthly and then on 

a  three t o  f o u r  month basis as h i s  cond i t i on  improves. With such a  scheme 

i t  i s  hopefu l  t h a t  the present f i v e  year f i g u r e s  o f  m o r t a l i t y ,  a f t e r  an 

i n f a r c t i o n ,  can be reduced. 

I n  summary, the management o f  post  myocardial  i n f a r c t  p a t i e n t s  i s  a  

la rge and invo lved undertaking, however, as t h i s  and o the r  s i m i l a r  programs 

have shown, c a r e f u l l y  c o n t r o l l e d  exerc ise  therapy can progress ive ly  res to re  



and mainta in the mental and physical s t a t e  o f  the  p a t i e n t .  
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f .  
FCRTRAN I V  G L E V E L  18 M A I N  DATE = 70336 18/08/07 

0001 
ccoz 
COO3 
0004 
CC05 
CCC6 
OC07 
CCCR 
CCC4 
CClJ 
CC 11 
LC12 
CC13 
CC14 
CC15 
CC 16 
co17 
CCl? 
CCL', 
CCZO 
OCZl 
CC22 
CC23 
0024 
0025 
CC26 
CC27 
C028 
0029 
CC30 
OC31 
CC32 
CC33 
C034 
0035 

C PROGRbU TO CALCULATE VARIOUS RESPIRATORY AYD CAROIDVASCULAR PARAMETERS 
C NAPELY: VEATPSVESTPD VCOZ V 0 2  R  T R U E 0 2  CLPULSE VENT E Q U l V  HR 
C ALSC CAYOIAC OUTPUT PYOCAK01AL 0 2  DFYAhtLi ARTEt l lAL D I S T E N S I H I L I T Y .  

INTEGE*  S Y S ~ D l A ~ P U L S ~ H A R O ~ H R ~ I N R T ~ N A ~ E t O A T E ~ L O A O A ~ L C A O ~ ~ L O A D C  
FtTEGCR S L R C P A v S E H C H l ~  VSERCHC 
I M E N S I U N  V C L ( ~ O ) , T E M P ( ~ C ) , C X Y I ~ - Q ) I  
I P E ' I S I C N  CAL(3)rSYS(2)ri)!A(Z)rPACC( 



F C R T R A N  I V G L E V E L  i n  MAIN C A T E  = 70336 1 8 / 0 8 / 0 7  

2 0 8  r 0 4 M A T l / 7 X ~ @ V E A T P S l L / H I N ) @ ~ T 2 3 ~ ' V E S T P D l L / K I N ' ~ T 3 7 ~ @ V C O 2 l L / M I ~ ~ @ ~  
1 1 5 1  s @V021L/MIN)'~165t'Rm~T71t'T911~ 0 2 @ t T R I e ' O Z  P U L S E I L / 8 € A T ) ' l  
2 T 1 n 0 v 1 V E V T  ~ C U I V @ ~ T 1 1 4 ~ ' H R ' ~ / T 4 0 ~ * H h H K - U p ' )  

c P L C T  P A R A Y T T C H S  TO OF: WCRKEDvACRCSS T H F  PA{;€. 
13  DO 2 0 9  K = l . 2 0  
1 4  R C h C  1 5 ~ 2 1 O ) V O L ~ K ~ ~ T E ~ P l K ) ~ h R I K l ~ I N R T ~ K J  

2 1 0  f C D C A T l F 5 - l t F 1 0 . 1 ~ 2 1 5 )  
C  W R 1 T I l K  OUT U N C O 3 R E C T E D  VOLUME CF GAS B R E A T H E D  I N  L / H I N .  

16 I = T E H P I K )  
1 7  J = " A R U  
1 8  V F ~ T P C l K ) = V C L l K ) * T A n L E ( ~ J - 6 9 ~ ~ / 2 ~ I - l 4 1  

C W R l T l h C  OUT CORRECTED VOLUME I N  L / M l N .  
I h Q T F - l h R T  I K )  

L O  I I O  2 1 3  L = l r  I ' l R T E  
2 1  R E Z C  ( 5 . 2 1 4 ) C 0 1 0 1 L I  

2 1 4  F O o Y A T (  l O F R . 3 )  . 
2 1 3  C C Y T I h U E  

22 SU'"0 
I N Q T E = I h R T I K )  

23 CO 2 1 5  Y = l , I N R T E  
24 S U M = S U ~ + C D I O I ~ ~  

2 1 5  C D Y T I N U E  
25 H E n h = S t J H /  I N R T  I K )  
26 F C T C = l  ( Y E A N * C A L  I 1  )+.7)*.03 I - 

C C A L C U L A T I R G  Y F A N  i OF E X P I R E D  C O 2  I N  1 K I N  
I N D T E = I \ : T I K I  

27 CC 2 1 6  I = l ~ I \ R T F  . 
28 R E A C  ( 5 , 2 1 7 ) C X Y ( I )  

2 1 7  FCQW.%Tl  l C F 8 . 3 )  
2 1 6  C 0 4 ' T I F ; l l E  

2 9  SUV=O 
I t - Q l C = I h R T ( h )  

3 0  CC 2 1 8  l = l s I N R T E  
31 S l l ~ = S U H i C X Y  I I I 

218 C C Y T l h U E  
32 Y E A N = S U C / I N R T I K )  
3 3  F F ~ 0 = 1 2 C . 9 3 - 1 M E A ~ 4 * C A L 1 2 ) * . 7 1  ) 

c C A L C I J L A T I ~ C  M F A N  a OF EXPIRED 02 OVER irlq 
3 4  F t " h = l O C - l F E C ~ I + F C C 3 l  
35 V C P O = l V E S T P l : l K l ~ . C I ) * ~ F C O D - l 1 : E N Y * . C C 0 3 7 9 5 ~ ~  
36 I F I K . L U . 2 )  VCOCO=VCOO 
3 7  I F I K . E C . ? 0 1 V C O = V C C O  

C C A L C C L I T I X G  VCLU' tE C F  E X P I R E 0  C C Z .  
40 V C P l K ) = l V E S T P ~ ~ K ) * . O l ) * l l F F h V * ~ 2 6 4 R l - F r O O J  

C  C A L C U L b T l h C  V C L U V E  C 2  USEO I N  1 X I N .  
4 Z  K = V C C C / V C C I K )  

C  C ~ L C U L ~ T I : I I G  I: R A T I O  GVFR l Y I N  
4 3  T R I ~ E = ( V C ~ I K J * l @ O ) / V E S T P D l K J  

C C A L C U L f i l i  TRUE O 2  
4 5  C C D L = V O C I K ) / H K ( K )  

C  C A L C U L b T F  C 2  P U L S E  I N  L / H E A T .  
47 V I W T  = l / T 3 l I E  



F C R T R A N  1 V  G L E V E L  1 8  HA 1  N  

IF (LCADR.EQ.SERCL iC)  G O  T O  1 1 0 5  
GO TO 1 0 0  

1 1 0 2  I F ( L O A C C . t C . S E H C H A )  GO T G  1 1 0 3  
l F ( L P A O C . k Q . S ~ R C H 6 )  G O  T C  1104 
I F ( L O A D C . E Q . S F R C H C )  GO T O  1105 
GO T O  1 0 0  

1 1 0 3  N C O N T = N C C N T + l  
V E N T  ( N k E E K ) = V E S T P D ( K )  
HRR ( N h E E K I = t i R  ( K )  
V V P  ( N h F E K ) = V O O ( K )  
GO T O  1 C O  t 

1 1 0 4  h C f l U T = N C O U T + l  
V E N T r  (? .h tEK  l = V E S T P O ( K )  
H R R R ( h W E C K ) = H R ( K )  
V V V O ( N k E t K I = V O O ( K I  
GO T C  1 0 0  

1 1 0 5  N C P U \ T = h C C U N T + l  
V F V T T T (  N ~ F ~ K ) = V C S T P O ( K )  
t l R D K K  I \ d E F Y ) = H R l K  
V V V V 9  ( h k E t K ) = V C f l ( K )  
GC TO 1 C C  

100 I F I K . L T . 2 0 1  GO T O  5 1  
1106 I F I Y C O U T . E O . V H E E < I G O  TO 1 1 0 7  

V F Q T  ( S h E E K ) = J  
HR9 ( U k t t K ) = 3  
V V P  ( Y h ; t r O = O  
h C r h T = \ h C ~ K  

1 1 6 7  I f  ( h C r t I T . t C . U n E F K l G 0  T O  1 1 0 8  
VC* 'TT (UWECK)=O 
w t a u  I ~ ~ F ~ K ) = o  
V V V O  I : :hEEK)=O 
N C R U T = Y k t E K  

1 1 0 8  I F ( ~ V C U U Y T . E C . Y W F E K ) G O  TO 1 1 0 9  
V € ~ T T l ( h h E k K ) = O  
H R 9 R Q ( N H L C K ) = 3  
V V V V I I  ( k h E F K ) = O  
h C r U N I = h k E C K  
I f  I I I . E C . 1 )  CC TO 5 C  

1109 O F Y T  l I : h E € K ) = V F N T  ( N W E E K I - V E N T  ( N U E E K - 1 1  



APPEND l X  2 

Computer p l o t  pr'ogram t o  g i ve  graphs o f  hear t  
ra te ,  v e n t i l a t i o n ,  oxygen uptake and 

carbon d iox ide  e l i m i n a t i o n  f o r  
s p e c i f i c  work ra tes  throughout 

the t r a i n i n g  per iod .  



f ' .  1'; C I 1 1 P  H i l l 4  L A T E  = 1 0 3 3 6  1 8 / 0 8 / 0 7  

C i 4 l  
CC','' 
C C Y 3  
r r 9 4  
C C L  > 
C C V b  
CC'27 
C C 9 l 1  
c c 9 9  
C  I C c )  
C l O l  
C l L l  
C 1 0 3  
0 1 0 4  
C l C 5  
C  1  r 6  
C 1 C 7  
C l C B  
C I C C 9  
C l l O  
C I l L  
C l l "  
C 1 1 3  
C l l ' .  
C l I 3  
L l l ' ,  
C l l l  
C l l B  
C l l 9  
c 1.'; 
C  1 2  l 
C l 2 C  
L I " 5  
C 1 / 4  
C 1 1 ,  
C I < h  
c 1 / 1  
c 1 2 ' 1  
G I .  4 
C I  I 0  
( 1  $ 1  
Cl i L  
C 1 3 3  
C l ' 4  
5 1 7 5  



F C R T R A h  I V  G L E V E L  1 8  M A I N  C A T E  = 7 0 3 3 6  

V E N T ( K W F F K - 1  ) . E O . O l  O E N T ( X W E F K I = 2 0  
V i N T ( N H E E K ) . E O . O ) O € N T ( " I W E F K ) = 2 0  
( H R R f N H t E K - l ) . E O . O I  D R R ( K H E E K I = 2 C  
H R R f W E F K ) . E O . O )  D R R ( N W E E K ) = 2 0  
f V V O ( N W E E K - 1 I . E Q . O )  D V O ( t i W E E K ) = l  . 
( V V O ( K W E E K l . C O . 0 )  D V O ( N U E E K ) = l  
V F N T T ( N h E E K - l ) . E Q . O )  D E N T T ( t ! H E E K ) = 2 0  
f V E N T 7 ~ l i h t E h l . E O . O )  D E N T T f N W E E K ) = 2 0  
( H R K R f N M E E K - l ) . E Q . O )  O R R R ( N W E E K ) = 2 0  
( h R R K ( N k E F K l . L Q . O l  D R K R ( K W E E K ) = 2 0  
(VVVCtNWEEK-l).EQ.OIUVVC(NWEEKI=l 
f V V V C ( Y U E F K ) . F Q . O )  O V V O ( N u E E K ) = l  
f V F Y I T T ( N h E E K - 1 ) . E Q . 0 1  C E N T T T  ( V k E E K ) = 2 0  
( V E N T T T ( N H E E K ) . E Q . O )  D E N T T T ( N W E E K I = i O  
( H R R R K ( N W E E K - 1 l . E Q . O )  O R R R R ( N U E E K ) = Z O  
( H R R R R l N h E E K ) . E Q . O )  D R R R R f N W E E K ) = 2 0  
( V V V V C l I i W C F K - l l . E Q . 0 )  D V V V O f t W E C K ) = l  
l V V V V O ( N w C E K l . E Q . 0 1  D V V V O ( N U E F K I = l  



F C R T R A N  I V  G  L E V E L  1p P A I N  

1 F I h . C T . Q ) C C  TO 58  
2 2 8  W R l T F  I C . 2 2 9 )  
2 2 9  F O Q P A T I T 4 0 , * L O A D  2 ' )  

5 7  GO TO 2C') 
5 8  lF(K.CT.R.AND.K.LT. 14)GO TO 2 0 9  
5 9  I F  (K .EC.14 )  GO TO 2 3 0  

I F  (K .GT .8 )GO T O  6 0  
2 3 0  W R I T E  1 6 . 2 3 1 )  
2 3 1  F O Q M A T ~ T 4 0 , ' L O A D  3 '  ) 

GO TO 209 
C  FKCM 6 0 1 0  5 1  D R A U C H E S  I N T R O D U C E D  F O R  O I F F t R E N T  LOADS.  

60 IF IK.GT.14 .AIJD.K.LT.20)GO T C  2 0 9  
I F  (K.EC.2O)GO T O  2 0 9  

209 C O N T l h U E  
6 1  W H I T E  ( 6 1 2 3 2 )  

2 3 2  F U Q M A T 1 / / 7 X ~ ' C A R O l A C  0UTPUT(L/M1N)'~T30~*SYST0L1C'tT44~*D1AST0L1C8 
1 1 T 6 0 ~ 8 t ' Y C C A K D I A L  O E P A ~ G ' ~ T ~ Z I ' A R T E U I A L  G I S T E N S 1 0 1 L I T Y 8 ,  
Z T ~ ~ ~ ~ ' H ~ ' S / / T ~ O ~ ' W A R P - U P ' )  

C W d I T l h r  C I i G l C  P l d A M E T E S  A C 4 0 S S  P A G E  
6 2  CC 2 3 3  h = 1 , 2  

I F ( N . E C . l ) G C  T O  1111 
GO T O  6 3  

1111 P V C O O = I R E ~ R ( N l * U A R O * C A L ~ 1 ~ 1 / 1 0 0  
GO T O  1 1 1 2  

63 P V C O O = l R F B H ~ N ) * R A R O * C A L l 3 ~ ~ / 1 O O  
1112 C V C O = C O H U I P V C ~ O - 9 )  

I C V C C = t V C O t . 5  
6 4  I F ( N . t O . 1 )  GO T O  2 3 4  

I F ( N . G T . 2 )  GO T O  2 3 3  
65 GO T O  2 3 5  

2 3 4  C A C O = C C R A ( P A C O ( t l ) - 9 )  
CO=(VCOCC*lCO)/lICVCO-CACC) 
GO T U  6 7  

2 3 5  C A C C = C C K R ( P A C O ( N ) - 9 )  
CO=(VCO*lOO)/(ICVCO-CACO) 

67 I t Y O O = S Y S l N ) * P U L S l i . 1  
69 A R T C = ( C U / h c l ( N )  ) / l S Y S l Y l - D I A ( Y ) 1  

~ R ~ T ~ ~ ~ ~ ~ ~ ~ C ~ ~ ~ S Y S ( N ) I C ~ A ~ U ) S W Y O ~ , A K T C , P U L S I N )  
6 8  l C Q t J A T  ( / T 1 2 ~ t 5 . 2 1 T 3 3 r 1 5 ~ T 4 8 t I 5 ~ T 6 5 ~ I 5 ~ T ~ 0 t F 7 . 6 ~ T 1 1 2 ~ 1 5 1  

I F ( N . E O . 1 ) G G  TO 2 4 1  
GO 7 0  2 3 3  

2 4 1  k K I T I  ( 6 . 2 4 2 1  
2 4 2  F C Q M A T ( T 4 0 ~ ' L A S T  P l N U T F ' I  
2 3 3  c u r ' T  INE 

2OCO C C Y T  1  h U E  
c P L P T ~ E ~  P X O G R A M  
C P L n T  FOR VFh'T. 

SCPHA=SERCHA 
SEHHH=SESCHO 
S E ? h C = S E R C H C  
C B l L  P L O T S  
C A L L  S Y Y P C L  ( I . 0 ~ 4 . 1 ~ 0 . 1 4 ~ ' L O A D = ' ~ O O O t 5 )  



F C R T R A N  I V  G L F V E L  18 M A I N  

*. 

D A T E  = 7 0 3 3 6  

C A L L  blt.lKl'ER l 2 . 2 ~ 4 . 1 1 0 . 1 4 ~ S E R H A t O O O 1 0 )  
C A L L  SCALtlVfNT,4.0,NktEK,+l) 
C A L L  S C A L E  I A R H A Y X , 4 . 0 , N H E E K , + l )  
C A L L  A X l S  l 0 . 0 1 0 . 0 ~ ' V t N T  L/HIN'~+10~4.0i90.0,VENT(NWEEK+l), 

1 V E N T  I h H E E K t Z )  
C A L L  A X l S  1 0 . O 1 O . O ~ ' T I K F  2 W E E K S ' ~ - 1 1 ~ 4 ~ 0 ~ 0 ~ 0 ~ A R R A Y X l N W E E K + 1 ~ t  

1 A R R A Y X l K W E E K + 2 ) )  
C A L L  L I N E I A R K A Y X ~ V E W T I N W E E K ~ ~ ~ - ~ ~ I )  
C A L L  P L C T  1 0 . 0 1 5 . 0 1 - 3 )  
~ 4 1 . 1  s Y r n n L  I I . O , ~ . ~ ~ O . ~ ~ , ~ L O A D = ' , O . O , ~ )  
C A L L  P iUKPFK ( 2 . 2 1 4 .  l r 0 .  1 4 ~ S E ~ H H t O O O ~ O I  

C a L L  S C A L E l V t ! 4 T T ~ 4 . Q , h W E E K , + l )  
C A L L  S C A L E l A i l ~ < A Y X t 4 . r ? , Y H E F K , + l )  

C A L L  A X I S  l G . 3 p O . O t ' V E N T  L/PIN'1+10~4.0190.0tVENTTlNhEEK+l)~ 
1 V F h I T l h h E E K t Z ) )  

C 4 L L  A X l S  lO.O.O.O. 'T IME ~ ~ E E K S ' I - ~ ~ . ~ . O ~ O . O . A R R A Y X I N W E E K + ~ ) ~  
l A R p A Y X l X h E C K + L ) )  

C A L L  L I N F ( A R H A Y X I V E N T T , N W E E K ~ ~ , - ~ ~ ~ )  
C A L L  P L O l  1 5 . 0 ~ 0 . 0 , - 3 )  
CALL SYNSCL I ~ . O . ~ . ~ , O . ~ ~ , ~ L O A D = ~ , O . O , ~ ~  
C A L L  N U M B E R  ( 2 ~ 2 r 4 . l r 0 . 1 4 s S E R H C 1 0 . 0 1 0 )  
C A L L  S C A L E  ( V E Q T T T , 4 . 0 g N W F E K , + l )  
C A L L  S C A L E  l A R R A Y X , 4 . 0 , ! 4 h E F K * + l )  
C A L L  & X I S  IO.O,O.O,'VENT L/MIN'~+10~4.0~90.0~YENTTT 

1 V E h T T T I Y H t C K + Z ) )  
C A L L  A X I S  (O.OIO.O, 'T IYE Z H E E K S ' * - 1 1 , 4 . 0 * O . O t A R R A Y X  

1 A R R A Y X I h H E E K + Z ) )  
C A L L  L I N E ( A R ~ A Y X , V F N T T T I N H E E K ~ ~ ~ - ~ ~ ~ )  

C P L O T  H i b R T  H A T E  
C A L L  P L C T  (C .0 , -5 .0 , - 3 )  
C A L L  S Y Y l r C L  11 .0 .4 .  1 1 0 . 1 4 , ' L O A 0 = ' 1 C . C , 5 )  
C A L L  h U t ' P t R  l 2 . 2 ~ 4 . 1 ~ 0 . 1 4 r S E H H A 1 0 . 0 1 0 )  
C A L L  S C A L E  ( I idY , h .O ,NhEFKq  + 1 )  
C A L L  S C A L E  l A R d A Y A . 4 . 0 . N k E E K . + l )  



F C R T R A R  1 V  G L E V E L  1 8  M A I N  C A T €  = 7 0 3 3 6  1 8 / 0 8 / 0 7  

C b L L  A X I S  ( C . 0 1 0 . 0 , * ~ 0 2  L / M I N ' ~ + ~ S ~ . O S ~ O . O ~ V V V O ( N U E € K + ~ ) ~  
1 V V V O ( U k E E K + Z l )  

C A L L  A X I S  ( C . 0 1 0 . 0 1 ' T I M E  ZWEEKS'~-llr4.OrO.O~ARRAYX(hHEEK+l)~ 
1 A Q R A Y X ( U X ~ E K + 2 1 1  

C A L L  L I h t  ( A R H A Y X S V V V O ~ Y ~ E E K ~ + ~ ~ - ~ ~ ~ ~  
C A L L  P L C T  ( 5 . 0 ~ 0 - 0 1 - 3 )  
C A L L  s Y C r n L  ( 1 . ~ ~ 4 .  ~ , C . ~ ~ ~ ~ L ~ A D = ~ . O . O , ~ I  
C A I  L  illli'Urt3 ( 2 . 2 1 4 . 1 r G . 1 4 v S F 1 H C ~ G O O ~ 0 )  
C A L L  S C A L E  ( V V V V O s 4 . @ , h k E E K r * l )  
C A L L  S C A L E  ( A < ~ A Y X S ~ . O , U ~ E E K I + ~ I  
C A L L  A X I S  ( O . O ~ O . O t ' V O 2  L / Y I Y ' r + 9 , 4 . 0 , 4 0 . O ~ V V V V O ( N W F E K + l l ~  

r 1 V V V V C ! ( h H E E K + Z ) )  
C A I L  A X 1 5  ( 0 . 3 r O . 0 , ' T I M E  ~ W E E K S ' ~ - ~ ~ ~ ~ ~ ~ S ~ ~ ~ ~ A R R A Y X ( ~ W E E K + ~ I ~  

1 A R R h Y X ( V W ~ E < + Z I )  
C A L L  L ~ ~ C ( A R Q A Y X , V V V V G I Y I I E C K ,  1 , -1 .11  

C  PLf'T CHA:.GE V t ' s T  L / V l N / Z h F t K S  
C A I  L  P L C T  ( 0 . 3 , 5 . 0 ~ - 3 1  
C A L L  S Y P r O L  (1.0.4.1r0.14.~LOAD=~10.0~5) 
C A L L  hUk'PCR (L.2~4.1~0.14rSERHAtOOOr9) 
C A L L  S C A l  F ( P t ' d T r 4 . C , V W E E K , + l )  
C A L L  S Z A L F  ( A 4 R A Y X , 4 . 0 , U h E C K r + l l  
C A L L  A X I S  (O.OIO.OI'CHAYI,E V C H T / ~ Y C € K S ' I + ~ ~ ~ ~ . O ~ ~ O ~ O ,  

1 O F N T ( U h C E h + l )  r D F h T ( * . I h F F K + ? I  I 
C b L L  A X I S  (O.OIO.O, 'T IME ~ U E ~ K S ' ~ - ~ ~ ~ ~ . O ~ O . ~ ~ A R R A Y X ( ~ W E E K + ~ I S  

1 P R R A Y X l h k T E K + 2 ) 1  
C A L L  L l h F  (AdQAYXIDENT,YhEEKrl,-Ill) 
C b L L  P L C T  ( 5 . 0 ~ 0 . 0 , - 3 )  
C A L L  S Y V R O L  ( 1 . 0 * 4 . 1 ~  0 . 1 4 1  ' L O A D = ' t O O O t  
C A L L  t\Ut't3E2 ( 2 . Z 1 4 ~ 1 1 0 - 1 4 ~ S E R H H r 0 ~ 0 ~ 3 )  



F C R T R A N  1 V  G L E V E L  1 8  M A I N  

.-. 

D A T E  = 70336 

C A L L  S C A L E  ( O E N T T r 4 . 0 1 N W E E K v + l )  
C A L L  S C A L E  (AURAYX,4 .O1NWEFK,+1)  
C A L L  A X l S  1 0 . 0 ~ 0 . 0 ~ ' C H A N G E  V € N T / 2 W E F K S ' r + 1 8 ~ 4 . 0 r 9 O o O ~  

1 C r N T T ( I U \ I E E K + i )  r D F U l T ( N W E E K t 2 ) )  
C A L L  A X I S  (C.O,O.O, ' T I H E  2HEEkS'~-11r4.0~0.01ARHAYX(NWEEK+1)t 

1 A q R A Y X ( K W E E K + Z I l  
C A L L  L I N E  ( A R A A Y X t n E N T T r N U E E K v I q - 1 . 1 )  
C A L L  P L C T  ( 0 . 0 1 - 5 . 0 1 - 3 )  
CALL  s Y n e o L  ~ ~ . o ~ ~ . ~ ~ o . ~ ~ , ~ L c A o = ~ ~ o . o ~ s )  
C A L L  N U P n E K  (2 .2 .4 .  l r 0 . 1 4 ~ S E R H C ~ O o O r O I  
C A L L  S C A L E  1 C E ? 4 T T T r 4 . 0 + N W E E K l + l  t  
C A L L  S C A L E  I A K R A Y X , 4 . 0 ~ N U E E K r + l t  
C A L L  A X I S  ( O . O v O . O ~ ' C t l 4 N G E  VENT/2HEEKS'r+l8r4.0,90.0, 

1 OFNTTT(NYEEK+l)*DENTTT(NHEEK+2)) 

C A L L  L  I N E ( A R S A Y X s  D E N T T T 1 N H E E K .  l * - l r  l l  
C P L n T  CHANGE I N  HR BEATS/ ! ! IM /ZUECKS 

C A L L  P L C T  ( 5 . 0 ~ 0 . 0 ~ - 3  I 
C A L L  S Y Y q O L  I l.O,4.l1O.l41'LUAO='rO.O1~~ 
C A L L  h U Y E E R  ( 2 . 2 r 4 . 1 r 0 . 1 4 r S E R H A 1 O O O ~ 0 )  
C A L L  S C A L E  ( D d X r 4 . 0 1 N v i E F K r + 1 )  
C A L L  S C A L E  ( A K R A Y X I ~ . O ~ ~ ~ ~ E F K ~ + ~ )  
C A L L  A X I S  ( O ~ O r O ~ O r ' t ~ A / H I N / 2 W E E K S 1 ~ + 1 3 r 4 ~ 0 r 9 0 ~ 0 ~ D R R ~ H I I E E K + l ) ~  

1 C R R l h k E E K + 2 ) )  
C A L L  A X I S  ( O . O ~ O . O r l T I H E  2WEEKS'r-11~4.0r0.OrARRAYX(NWEEK+l)~ 

1 A Q R A Y A l \ N E E K + Z )  
C A L L  L I h E  I A H ~ A Y X ~ D R R T N W E E K ~ ~ . - ~ ~ ~ )  
C A L L  P L O T  ( C . O r 5 . 0 r - 1 )  
C A L L  SYI'nOL ( 1 . 0 ~ 4 . 1 ~ 0 . 1 4 r ' L 0 A D = 1 r 0 ~ 0 ~ 5 )  
C A L L  h U Y G C R  ~ 2 ~ 2 r 4 ~ l r 0 ~ l 4 1 S E K H R ~ O ~ O r O )  
C A L L  S C A L E  I I ~ K R R t 4 . @ t N h E C K r + l )  
C A L L  S C P L E  ( k R 9 A Y X r 4 . 0 r W k E E K r + l )  
C A L L  A X I S  ~ O ~ O ~ O ~ O ~ ' H R / H I Y / I W E E K S ~ r + 1 2 r 4 ~ 0 r 9 O o O ~ O R R R ~ N U E € K + l ~ ~  

1 C P H R l h h E E K + I ) )  
C A L L  A X I S  ( 0 . 0 1 0 . 0 1 ' T I W E  2WEEKS'r-llr4.0~0.0rARRAYXINWEEK+l~r 

1 A R R A Y X ( h W E E K + Z ) )  
C A L L  L ~ ~ L ( A U R A Y X ~ C H R K S N H E ~ K ~ ~ ~ - ~ ~ ~ )  
C A L L  P L C T  ( 5 . 0 1 0 . C r - 3 )  
C A L L  SYF't'CL I 1 . 0 ~ 4 . L r 0 .  1 4 r r L C h D = @  r O 0 3 v i )  
C A L L  h l J P P F R  (2 .2 .4 .  l r  0 . 1 4 9 S E R H C r O o O r C )  
C A L L  S C A L E  ( C 6 R R R 1 4 . 0 , h k E E K . + l )  
C A I  L  S C G L E  ( A ? R A Y X r 4 . @ r r . I h E F K I + 1  I 
C A l L  A X I S  I O ~ O r O ~ O ~ ' H R / M I Y / 2 h C F K S ' r + 1 3 ~ 4 ~ O t 9 O o O r D R R R R ~ N W E F K + l ~ ~  

1 U n A n d ( h k E t K + 2 )  
C A L L  A X I S  ( O . u l O . O r r T I M E  ZWEEKS'r-llr4.0~0.01AKRAYX(hWEEh+l)r 

1 A n R 3 Y X ( h U E F < + 2 ) )  
C A L L  L I \ E ( A R l ~ A Y X ~ D 9 R P R r N W E E K r 1 r t 1 r  1) 

C  P L C l  C H A N S F  I V  V C 2  L / P l k / 2 k E E K S  
C A L L  P L O T  1 0 . 0 1 - 5 . 0 9 - 3 )  
C A L L  SYMBOL ( 1 . 0 ~ 4 . 1 ~ 0 . 1 4 ~ ' L O A ~ = 1 ~ O - O r 5 )  
C A L L  h U P P t H  ( 2 . 2 ~ 4 . 1 ~ 0 . 1 4 ~ S E R H 4 t O o 0 1 C )  



F C R T K A h  I V  G L E V F L  1R MA 1 N  C I T E  = 7 0 3 3 6  1 8 / 0 8 / 0 7  

C b L L  S C A L E  l D V 0 , 4 . O 1 U d E E K , + l 1  
C A L L  S C A L E  I A H X A Y X ~ 4 ~ 0 ~ N H E F K ~ t l )  
C A l L  A X I S  ( 0 . 0 1 0 . 0 1 ' V O L  L / H I N / 2 W T E K S ' r + l 6 ~ 4 . 0 i 9 O o O ~ D V O ~ N W E E K + l ) i  

1 E V O l h U E F K t 2 ) )  
C A L L  A X I S  lO .O ,O .O , 'T IMF  2WEEKS'~-11,4.O,O.O,ARRAYXlkHEEK+ll~ 

1 A ? K A Y X ( X d E E K + Z )  1 
C A L L  L I N G  l A K f i A Y X 9 O V O t  N H E E K , 1 , - 1 ~ 1 )  
C A L L  P L C T  l 5 . 0 t O . O ~ - 3 )  
C A L L  s y r e c x  ( 1 . 0 , 4 . 1 , 0 . 1 4 , ' ~ 0 ~ n = ' , 0 . 0 , 5 )  
C A L L  t W l . ' P E R  I 2 . 2 ~ 4 . 1 , 0 . 1 4 ~ S F R H R ~ O . O ~ C )  
C A L L  S C A L E  I C V V C , 4 . 0 , N H E E K i + l )  
C A L L  SCAL E  I A 2 U A Y X . 4 - 0 , N h E E K , + l )  
C A L L  A X I S  I L . ~ , C . C I ' V O ~  L / M I N / 2 H E E K S ' ~ + 1 6 ~ 4 ~ 0 ~ 9 O o O ~ D V V O l N W E E K + l ) i  

1 C V V O  ( k h t t K + Z I )  
C A L L  A X I S  l 0 . 0 ~ 0 . 0 ~ ' T I H E  ~ W E E K S ' ~ - ~ ~ ~ ~ . O , O . O I A R R A Y X ~ N W E E K + ~ ) ~  

1 A O R A Y X ( ' . H F E K + Z )  
C b L L  L I N E  IAHAAYXqDVVO,NHEEK,11-lrl) 
C A L L  P L C T  ( 0 . 0 , 5 . 0 , - 3 )  
CALL s Y r B o L  I ~ . o , ~ . ~ . o . ~ ~ , ~ L o A D = ~ , o . o ~  
C A L L  N U H R E X  ( 2 . 2 1 4 . 1 , O .  1 4 , S E R H C , 0 0 0 t O )  
C A L L  S C A L E  I D V V V U , ~ . O , Y W E E K I + ~ )  
C A L L  S C A L E ( A R R A Y X ~ 4 . 0 ~ N H € E K ~ + l l  
C A L L  A X I S  10 .0 ,0 .0 , 'V02  L / M I N / 2 W F E K S ' ~ + 1 6 ~ 4 ~ 0 ~ 9 O o O ~ D V V V O l N W E E K + 1 ~ ~  

1 O V V V O l k H E F K t 2 ) )  
C A L L  A X I S  (0 .O .O .Oq 'T IMC 2 W E E K S ' ~ - l l r 4 . O , O . O ~ A R R A Y X ( N k ' E E K + l ) ~  

1 A R R A Y X I N W E E K + Z ) )  
C A L L  L I N t ( A R Y A Y X s O V V V O t N H E E K i 1 t - 1 . 1 )  
Ehr 



APPENDIX 3 

Computer prog;am f o r  spl i t - p l o t  two-factor 
design ana lys is  o f  var iance .  



F C R T R A K  I V  G L E V E L  1R  M A I N  D A T E  = 71036 1 5 / 1 5 / 3 4  

S P L  I T - P L O T  THO-FACTOR D E S I G N  A!.IALYS I S  C F  V A R I A N C E  
W I T H  U Y W E I Z H I E C - M E 4 N S  S O L U T I C N  F O R  U h E U U A L  S I Z E  GROUPS 
L E A 0  CARD H A S  NO. O F  A N A L Y S E S  I N  1 4  FOI<MAT. 
F I V S T  H E A D E R  C A R D  F O R  E A C H  S E T  OF  D A T A  H A S  NO. O F  L E V E L S  
OF  F A C T C 2  A *  F A C T O R  B AND T C T A L  NO. OF  S U B J E C T S  I N  
1 4  FORMAT AND T I T L E  I N  1 6 A 4  FORHAT.  
S E C O Y D  H E A C E X  C A R D  H A S  N A M E S  O F  F A C T O R S  A  A N D  B E A C H  
I N  1 0 A 4  FORHAT.  
D A T A  F O L L O W S  W I T H  S C O R E S  FOR F I R S T  S U D J  ON A L L  
L E V E L S  CF  B OpJ S A N E  C A R D ( S )  1'4 F I E L D S  O F  10 
W I T H  F 1 0 . 4  FOYMAT.  
D A T A  I S  O R S A ' I I Z E D  A S  F E L L O W S  A(l)S(l)CIl)..A(l)S(l)R(J) ... .. A ( l ) S ( K ) B ( J )  A ( I I S ( K ) E ( J ) .  
PRCGRAM h K l T T E . 4  BY J . M O V T G @ V t R Y  
REFERE'JCE-KI9K-EXP.DESIGN-PP.245-283  
D I M E N S I O i J  T I T L E ( 1 6 ) ~ F A C T A ~ l C ~ ~ F A C T U ( 1 0 ~ ~ Y ( l 0 r l 0 r 2 0 ) ~  

l S U ~ S ( 1 O ~ 2 0 ~ ~ S U M S S Q ( 1 0 ~ 2 O ~ ~ A ~ ~ 1 O ~ 1 O ~ ~ A B S Q ~ l O ~ l O ~ ~ A B M ~ l O ~ l O ~ ~  
2 A B ~ D ( 1 G ~ 1 G ) ~ A ( 1 0 ) r B ( 1 0 ) r A M ( 1 G ~ ~ B L Z ~ 1 O ~ ~ h S ~ l ~ ~ ~ H N ~ l 0 ~  

N D F K = O  
R E A D I S * l ) V A N A L  
N D F K = N D E K + l  
R E b D ~ S ~ Z ) N A ~ U R ~ N T O T , ( T I T L E ( I ) t I = l ~ 1 6 )  
R E A D ( 5 * 3 ) ( F A C T A ( I ) r  I = l * l O ) * ( F A C T B ( I  ) r I = l * l O )  
R E A D 1 5 * 4 ) ( V S ( I ) r I = l , N A )  
DO 1010 I = l * Y A  
N T F M P = N S (  I I 
DO 1010 K = l r Y T E M P  
READ(5,5)(Y(I*JvK)rJ=l*NB) 
SUN'=0.0 
SUCSQ=C - 0  
DO 1030 I=1 P Y A  
N T E M P = N S ( I )  
DO 1035 K = l r N T E M P  
SUHS( I IK )=O.O  
S U ~ S S Q ( I I K ) = O . O  
D O  1 0 2 0  J = l t Y S  
SUMSII*K)=SUMS(I*K)+Y(lrJ,K) 
SUPSSQ(I*K)=SUMSSQ(I*K)+YII*J*K)**2 
C O Y T I N U E  
S U Y = S U M + S U M S ( I * K )  
S U R S Q = S U Y S Q + S U M S S Q ( I I K )  
C G N T I N U E  
D O  1 0 5 0  I = l r Y A  
N T E M P = N S ( I )  
DO 1050 J = l r N H  
A B (  I * J ) = O . O  
A B S Q ( I * J ) = C . J  
DO 1 0 4 0  K = l r N T E M P  
AB(I*J)=AB(I*J)+YtIrJ*K) 
A B 5 Q ( I I J ) = A B S O ( I ~ J ) . + Y ( I v J * K ) P * 2  
COhlT I N U E  
A B ~ ( I * J ) = A H I I v J ) / N S (  I) 



FORTRAN 

0 0 3 6  
0 0 3 7  
0 0 3 8  
0 0 3 9  
0 0 4 0  
0 0 4  1 
0 0 4 2  
00.43 
0 0 4 4  
0 0 4 5  
0 0 4 6  
0 0 4 7  
0 0 4 8  
0 6 4 9  
GO50 
0 0 5 1  
0 0 5 2  
0 0 5 3  
0 0 5 4  
0 0 5 5  
0 0 5 6  
0 0 5 7  
0 0 5 8  
0 0 5 9  
0 0 6 0  
0 0 6 1  
0 0 6 2  
0 0 6 3  
0 0 6 4  
0 0 6 5  
0 0 6 6  
0 0 6 7  
0 0 6 8  
0 0 6 9  
OC70 
0 0 7 1  
0 0 7 2  
0 0 7 3  
0 0 7 4  
0 0 7 5  
0 0 7 6  
OC77 
0 0 7 8  
OG79 
0 0 8 0  
0 0 8 1  
OCA2 
0 0 8 3  
GO84 

-. CO85 
0 0 8 6  
0 0 8 7  

I V  G LEVEL  

1 0 5 0  

1 0 6 0  

1 0 7 0  

1 0 8 0  

1 0 9 0  

1 1 0 0  

1 1 1 0  

1 1 2 0  

11 3 0  
1 1 4 0  

1 1 5 0  

\ 

1 1 6 0  

1 8  H A I N  CATE = 7 1 0 3 6  1 5 / 1 5 / 3 4  

ABSD(I,J)=SOST((ABSQ(I~J)*NS(I)-AB(I~J)**2)/(NS(I)*(fdS(I)-l))) 
CONTIhUE 
SSS=O.O 
DO 1 3 6 0  I = l , N A  
NTEMP=NS( I 1 
DO 1 0 6 0  K=l,NTEMP 
SSS=SSS+SUPS(I ,K)**Z/NB 
CONTINUE 
SSAA=O. 0  
DO 1 0 8 0  I = l , N A  
A l l  )=O.O 
DO 1 0 7 0  J = l , N a  
A ( I ) = A ( I ) + A b ( l , J )  
CONTINUE 
SSAA=SSAA+A(I)**Z/(NS(I)*VO) 
COYTINUE 
SSR=O.O 
DO 1 1 0 0  J= l ,NB 
B(J )=O.O 
DO 1 0 9 0  I = l , N A  
B ( J ) = B ( J ) + A B ( I , J )  
CONTINUE 
SSB=SSB+B(J)**Z/NTOT 
CO\'T I hUE 
S S 4 0 8 = 0 - 0  
DO 1 1 1 0  I = l , N A  
00 1 1 1 0  J= l ,NB 
S S A B R = S S A B B + A B ( I r J ) * * Z / " J S ( I )  
COWT INUE 
HARN=O.O 
DO 1 1 2 0  I = l , N A  
HARN=HARN+l.O/NS(I)  
COQTINUE 
HARN=NA/HARN 
SS4BM=O-Cl 
DO 1 1 4 0  I z l r N A  
AM( I )=O-0  
DO 1 1 3 0  J = l v l d B  
SSAOY=SSABM+ABM(I,J)**Z 
AM( I ) = A M (  I ) + A B M ( I , J )  
COYTINUE 
COW1 I NUE 
SUMM=O.O 
DO 1 1 5 0  I = l r N A  
SUCP=SUPY+AE(I)  
COY1 1  NUE 
XP=SUFt?**Z/( 'lA*NR 
X=SUM**Z/(YB*NTOT) 
SSbM=O.O 
0 0  1 1 6 3  I = l r ' J A  
SSAM=SSAM+AM(I)**2/NB 
CONTIhUE 



F O R T R A N  

0 0 8 8  
G O 8 9  
0 0 9 0  
0091 
0 0 9 2  
G O 9 3  
0 0 9 4  
0 0 9 5  
0096 
O C 9 7  
0 0 9 3  
0099 
0100 
0101 
0102 
0 1 0 3  
0 1 0 4  
0 1 0 5  
0106 
0 107 
0 1 0 8  
0109 
0110 
0111 
0112 
0113 
0 1 1 4  
0115 
0 116 
0117 
0 1 1 8  
0119 
0 120 
0121 
0 1 2 2  
0 1 2 3  
0 1 2 4  

0125 
0126 
0 1 2 7  
0 1 2 8  
0129 
0130 
0131 
0132 
0 1 3 3  
0 1 3 4  
0 1 3 5  

- 0 1 3 6  
0 1 3 7  

I V  G L E V E L  1 R  MAIN DATE = 7 1 0 3 6  

B M ( J I = B M ( J ) ~ A ~ M ( I , J I  
1170 CCYTI~UE 

S S ~ M = S S B H + B M ( J ) * * ~ / N A  
11 .20  CO~ITINUE 

SSA=HARN+(SSAM-XM)  
S S q A = S S S - S S A A  
SSP=HARN*(SSSN-XM) 
~ S ~ B = H A R N * ~ S ~ A H M - S S A M - S S B M + X M )  
S S ~ S A - S U K S O - S S A O B - S S S + S S A A  
N D F  A=NA- 1 
N D F B = N H - 1  
N D F A B = N C F A * N D F B  
N D F S A = N T O T - N A  
N D F B S k = N D F S I * N D F B  
A M S = S S A / N C F A  
S A M S = S S S A / Y D F S A  ' 
B H S = S S B / N D F B  
A B " = S s A B / N D F A S  
B S A N S = S S B S A / V D F B S A  
F A = A M S / S A M S  
F B = B M S / B S A H S  
F A R = A B M S / P S A Y S  .D 

W R I T E ( 6 ~ 6 ) ( T I T L E l I l ~ I = 1 ~ 1 6 ~  
WRITE(6r7)1FACTA~I)*l=l*lO) 
W R I T E ( 6 ~ 8 ) ( F A C T B ( l ) ~ I = l ~ l O l  
W R I T E ( 6 . 9 )  
D O  1190 I = l r N A  - - 

1190 w R I T E ( ~ ~ ~ O ) ( A B M ( I ~ J ) ~ J = I ~ N B )  
H R I T E ( 6 r l l )  
00 1 2 0 0  l = l r N A  

1200 WRITE16rlO)1ABSD(ItJ)~J=l~NB) 
W R I T E ( 6 r l Z )  
W R T T E ( ~ ~ ~ ~ ) S S A I N D F A * A M S ~ F A ~ S S S A ~ N D F S A ~ S A M S *  

~ S S R ~ N D F B ~ B ~ ! S I F B ~ S S A ~ ~ N C F A B ~ A B M S ~ F A B ~ S S C S A ~  
~ N D F B S A I  B S A E S  

I F ( N D E K . L T . N A N A L ) G O  T O  1000 
1 F O R M A T ( I 4 )  
2 F O Q M A T 1 3 1 4 ~ 1 6 A 4 )  
3 F O R M A T ( Z ( l O A 4 1 )  
4 F O R M A T ( l O I 4 )  
5 F O R M A T ( l O F 1 5 . 9 )  
6 F 0 9 M I T ( ' 1 1 ~ T 1 0 r 1 6 A 4 )  
7 F O R M ~ T I ' O ' ~ T ~ O I ' F ~ C T O R  A I S ' r l O A 4 )  
8 F O R M A T I ' O ' r T I O r l F A C T C R  B I S 1 r l 9 A 4 )  

,9 F O R M A T ( ' l ' r T l 9 r ' C E L L  M E A N S ' )  
10 F O R M A T ( ' 3 ' ~ T 1 3 ~ 1 O ( F l f , . 4 ~ 5 X ) )  



F C R T R A N  1 V  G LEVEL 1 9  M A I N  DATE = 71036 1 5 / 1 5 / 3 4  

l M E A N S  ANALYSIS'r///~TlO~'SOU<Cr'~T4Ct'SUM S O U A R E S ' r  
2 T 6 0 , ' D E G 2 E E S  F R E C D O P ' , T R O r ' t ' t A L I  S Q I J A R E S 1 r T 1 0 3 r ' F - R A T I O S ' )  

0 1 3 8  13 F @ R M 9 T l ' O ' ~ T 1 3 ~ ' A ' ~ T 4 O ~ F l Z Z 2 ~ T h ~ ~ I 4 t T 8 : r F l 2 ~ 2 r T l O 9 ~  
1 F 1 C ~ 4 ~ / / r T l O ~ ' S U B J ~ W W A ' ~ T 4 0 ~ F l 2 ~ 2 ~ T b O t I 4 t T ~ O ~ F l 2 ~ 2 r  
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