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'ABSTR'AC'T' " " o
This study eva]&ated the effects of four to six months b1cyc1e

¥

ergometer tra1n1ng on corona s1nus b]ood f]ow (CSBF) and myocardial ox-

. ygen consumpt1on (MV in 11 pat1ents w1th exert1ona1 angwna pector1s

2
T—__wgwwtww-m'and ang1ograph1ca11y documented coronary artery disease. CSBF was deter-
| E dhm1ned by thermodw]ut1on beere and after tra1n1ng, w1th the pat1ent in™
‘ J “_the upr1ght pos1t1on under the fo]]ow1ng cond1t1ons at rest, dur1ng
: : A’ .« exercise at an equ1vaTent workaad dur1ng’e;erc1se at an. equ1va1ent heart |
. ‘Vrate and at symptom—11m1ted exercg\e A1though rest1ng heart rate was .'
. s1gn1f1cant1y lower (78+9 VA 79+5 beats/m1n) after tra1nﬂng, CSBF MVO2 ’
fj and»the.product (PRP) of mean brach1a1 artery pressure t1mes ‘heart rate :
n;f*were unohanded; At an equ1va1ent work]oad averag1ng 400 kgm/m1n heart -
: rafe'(120£14'v2 ]03111.beats/m1n) CSBF (]63+36 ) 138+21 m]/m1n) and _
5§F\X ]0‘3,(15,2+2} 04,12 3+é"6f.Qe§e s1gn1f1cant1y ]ower after tramn1ng
’v';MVO2 tended to be 1ower (20 l+5 2 2% 17 3+3 6.m1/m1n) but the d1f¥érence
‘ai j”'5 was not s1gn1f1cant (p<0 10) Arter1a1 lactate and catecho]am1ne concen-

o’

1.trat1ons were. s1gn1f1cant1y 10wered after tra1n1ng at this g1ven work]oad;

, After tra1n1ng pat1ents cou]d perform ‘an. 18( greater wbrk]oad for a sim-

f11ar heart rate (mean 114 beats/m1n) CSBF MVO2 and PRP were not sig-

' fs. :.fkn1f1cant1y d1fferent desprte th1s 1ncrease in e work]oad However‘ve

‘ ;arter1a1 1actate concentrat1on was s1gn1f1cant1y 1ower after tra1n1ng |

}'(31 4+16 8 UA 24 0+13 9 mg% ) Symptom 11m1ted exerc1se capac1ty 1ncreased.:
‘ 38A w1th tra1n1ng Max1ma1 va]ues for CSBF (]95+52 A 20549 ml/m1n)

B i O S .

. 1.\ a’" - ) |




o

‘exercise tolerance by increasing CSBF and MVOZ. . .

MU0, (25.7+5.9 vs 26.5:4.9) and PRP ¥ 1073 (16.7:3.3 us 18.2£3.1) were
not swgn1f1cant1y different after tra1n1ng. From rest to maximum éxpr»
cise 1eve1, as a group, patients were only able to double their max1mum
CSBF. Arterio—coronary,s1nus oxygen difference 1ncrgased similarly before
and after’ train1ng (19% and 17% ré?bect?ve]yj Thes; increments were at-
trwbuted to a d1sp1acement of the oxygen dissociation curve~{o the right,

'RP was found to corre1ate better w1th CSBF before and after training

(0 71 and 0. 72 respect1ve1y) than 1nd1ces which 1ncorporate systo11c

_egect1on.per1od'per beat such as TTI and tr1p]e product Heart rate Was

corre]ated“different1y~with CSBF before training (r =.O,64) than af%er

“training (r = 0.83). The post-training increase of exercise tolerance
! . N | " ¥

in patients With‘angﬁna’pectoris is primarily due to a reduction of cor-

onary b]odd flow requirement for a given workload: There i%‘someAindicaf

tion that certain patients—fay also be able to Tncrease symptom-1imited
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YD N e
”'5*sex and hab1tua1 ph)s1ca1 act1v1ty pattern_(14) ’ Bruce

'jcond1ttons,'an fmb

e o cHeTER

INTRODUCTION -~ ' o

B i ..

-

4

Sl w1th an 1mpa1rment 1n the c11n1ca] functwona1 status of p t1ents w1th

‘*:_coronary artery d1sease (CAD) compared to norma] subJectS'of s1m11ar age;

‘ i

1found that the FEC was 24 .1owen than norma] 1n men w1th healed myocar-'

°‘*d1a] 1nfarct1on wwthout ang1na ﬁectorts On the other hand they VePOWﬁ”st
ﬁ;;a much 1arger reduct1on'(41%) n men w1thzx&ertwoha1 ang1na w1th or .‘;;/f‘»'w

x-?gvfw1thout eV1dence of pr1or 1nfar€§1on,: However, the same bas1c phys1010-~‘

- f}g1c prob]em was posigjated 1n order to exp1a1n the Tower FEC 1n both

4 PR
oe). oL

//
Foll

i v , S e o L
»[Qj:, A]though the ba51c prob1em 1s the same the factors 1ead1ng to :

'-'"ifa reduct1on of FEC B both cases are. d1fferent._ In CAD pat1ents W7thOUt

f'~y7jexert1ona1 ang1na, the 14m1ted stroke vo1ume (SV) at the h1gher work1oads

E ff;has been found to be the manr 11m1t1ng factor of FEC (16) A reduced

NP

; f;;:farcted myocard%um cou]d exp1a1n th1s decrease of SV ;uxihérmore, 4n
'Qiﬁxother 1mportant factor mtght be a reduced max1ma1 heart rate (HR) . Brucehc f_fL{:d
t'@l;et al. (16) reported that reduced max1ma1 HR was a]so a card1ovascu1ar
' component assoc1ated W1th the 1ower FEC 1n th1$ category of pat1ents

'fHowever w1th 51m11ar pat1ents, Rousseau et a] (109) were unable to

e . c

Thereois a 1ower funct1ona1 exerc1se capac1ty (FEC) associated'ﬁ;‘

dt al. (15) haVe .

nce between the myocard1a1 oxygen supp1y and demand'li“

”myocard1a1 contract111ty 1n the hypox1c4myocard1um and the extent oF 1n—t;_“

A




;\ struct1ons W1th poor run off and non contract1ng ventr1cu1ar segm nts are

o : ) @ .
L
\ _ |
| \ ..
o S .
Y

observe a. s1gn1f1cant d1fference in max1ma1 HR when their pat1ents were
[}

comparedfto a contro] group For CAD pat1ents with angtna“pector1s, the.

ma1n°11m1t1ng factor 1s the 1ow HR at wh1ch chest pa1n occurs‘(32).

Saphenous ve1n aortocoronary bypass surgery‘has succeeded in
s1gn1f1cant1y Jncreas1ng myocard1a1,perfus1on (57) Fo1]ow1ng surgery,
ﬂi ang1na pector1s is 1mproved or: re11eved in 70 to 90” of pat1ents (71 |
129), exerc1se“tolerance 1ncreased (2) and 1eft ventr1cu1ar funct1on may
be 1mproved (11 103) . However experwence accumu]ated dur1ng the past‘i
f1ve years 1nd1cates that the d1rect surg1ca1 approach has def1n1te 11m-
‘a:: 1tat1ons (581 85 86 87 122) It 1s est1mated that/on?y 3 or 4 out‘of
.every 9 to 12 pat1ents eva1uated at coronary arter1?graphy arefcandldates

v‘~j for\adrtocoronary bypass operat1ons (122) D1sta1 ooronary arte:b ob—-

o’

the maJor factors 11m1t1ng the scope of surg1ca1 treatment (86 87, 122)

r-'urthermore some pat1ents refuse surgery Of/pr1me 1mportanc 1s the 3d‘f
e .

1ong term fdnctwon of the grafts (3); At one to two years after_surgery, - :'f'

graft occ1us1on rates are reported to- be approx1mate1y 20 to 25% ( 8\>\ /"
S Lo ¥ ' - N
”85) 11though surg1ca1 mdrta11tj 1s 1ow, 1t 1s not neg11g1b1e and 1ntra-¢\gi_ed
: operat1ve myocard1a1 1nfarct10n s’ a prob]ém of concern (58) ‘;///'jat,\‘

Phys1ca1 tra1n1ng programs (TRN) have been repeatedly;sh

to 1mprove the exerc1se capac1ty of seTected CAD pat1ents (18 19f!,
133, 34 42 46 133, 135) W1th respect to the tra1n1ng of ang1na pa—fir,
-t1ents, Trap—densén-ahd C]ausen'(]33) found a two-fo1d 1ncrease 1n work

t1me to ang1na thresho]d Qetry et a1 " (33) - and C]ausen and Trap JenSen L

v(]9) demonstrated increases” “in symptom 11m1ted'max1ma1 oxygen consumpt1on({' ‘

"(902515 of 21 vand032% respect1ve1y The maJor1ty of these 1nvest1gat1ons.a:

/ .
s




./?i fsuggest that the benef1ts from TRN are the resu]ts of extracard1ac ad- I R

",75 aptat1ons (18 19, 33 135) : A]though the ev1dence is not donclusive,

2‘,' the ava11ab1e data strong1y 1nd1cate that these funct1ona1 1mprovements‘31'
| 1n ang1na pat1ents w1th TRN are ma1n1y due to reduct1ons in myocard1a1

/d“‘_ = oxygen consumpt1ons (MV02) " These reduct1ons are secondary to peri-
';{,‘3:1 S phera1 changes 1n @ke]eta] muscles which tend to d1m1n1sh the sympathet1cb“
{¢4 :_ o ,‘p C1rcu1atory st1mu1us W1th resultant decreases in HR and arter1a1 b1ood
R pressure (BP) (18 19 33 34) In add1¢1on,‘concom1tant decreases in
,: arter1a1 BP and/or skeleta] musc1e vascu1ar res1stance wou]d a1so tend

.:f\\ e to decrease MVO2 by 1ower1ng the after1oad (101 133) Severa1 stud1es

\:*l:v{k at symptom 11m1ted max1mum workload 1nd1cate that 1ncrease exerc1se dh .
: thresho1d for ang1na pat1ents after TRN cou]d a]so be part]y due to an
“ enhanced coronary b]ood f]ow (CBF) or. Mvo‘2 (33,,34 40 99 101 mg

There is ev1dence that exercwse cond1t1on1ng 1ng'J

the1r coronary vascu]ar1ty (131) maX1mum CBF and MVO2 (403 117

more, Scheuer et a] (117) compar1nq the effects of 1ncreasnnq 1eft atr1'1

pressure on hearts of sedentary and cond1t10ned an1mals 1n the WOrk1ng ‘
:‘;‘ rat hear%vapparatus, demonstrated 3 greater 1ncrement of MVO2 1n the

(. SRR
tra1ned group, and the d1fference observed was on]y ach1eved by the 1n—;f7y

crease 1n CBF w1th no change 1n the extract1on of oxygen/across the myo Mggégfffjf
card1um In human stud1es, evadence for an enhanced %BF fo11ow1ng phys— RS RS &

B S
LR

) f%dr 1ca1 cond1t1on1ng may be 1mp11ed from reported 1ncreases oF‘]O 1(133) ‘v:'idief'

N

' and 28% (101) 1n the max1mum exerc1se pressure -rate product (PRP), 1n-»71

<

'?f creases of 7% for maxwmum exerc1se HR (33) ahd s1gn1f1cant 1ncreases of

| "ig_méX1ma1uexerC1Se'trnp]e-product (TP)Jat the onset of ang1na (40) | Q”f PR
B R R S R U , o T
S |
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*.MTWNAL&BEHIND THE STuvv_ e

. ﬂv Phy51oa1 exerc1se is one of maJor stwmuTi to wh1ch the car—

d1ovascu1ar system 1s exposed Pert1nent hemodynam1c data haue been

coTTected perm1tt1ng a better understand1ng of the adaptat1ons wh1ch
o take pTac dur1ng effort Trans1t1on from rest to;exerc1se-1s accom— '

Pan1ed by 1ncrements in HR, card1ac output (Qc), SV,‘syStemic é?terio_.ffv

Ay

\, venous oxygen d1fference (a ‘02), oxygen consumpt1on and by an 1mportant

e and 1ts own bTood fTow . dl ;‘_' 5ﬂx - SR | ‘f/ﬁf

"»-.T

i '.M\_‘/o".'

i The dependence on oxygen suppTy for th1s energy gequ1rement 1_

red1str1but1on of bTood toward act1ve muscTes (6) Faced w1th th1s L f'

h1gher and press1ng demand of nutr1t1ve eTements by skeTetaT muscTes,‘

b

e
the heart 1tseTf must be abTe ‘to adapt 1n order to furn1sh 1ts output

e s

R - . i g, - R L -

| It has been foundmthat the 1ncrease 1n MVO2 is not ma1nTy de~{"f?fy?t

term1ned by the externaT work of the heart but rather by the 1nterp1/y

of three maJor factors the 1ntra myocard1a1 tens1on4 def1ned as the

R work performed by the contract1]e eTements 1n stretch1ng the eTast1c

components, the contract1Te state of»the mypcard1um yh1ch determ1nes thef

veTocwty of the contract1on, and the HR by wh1ch the effect 1s obV1ous jf.
s1nce 1t determ1nes the frequency at wh1ch the myocard1a1 waTT contracts_'_f‘ '
(13 127/ 128) There 1s a cTose reTat1onsh1p between the parameters of”'xhh(;vt

Teft ventr1cu1ar funct1on dur1ng exerc1se and the maJor determ1nant 'of t"\

VO,
tr1cu1ar act1v1ty‘ﬁﬁr1ng exerc1se by ra1s1ng 1ts own oxygen*tonkumpt1on

one of

a',‘.

metabo]1sm means/that card1ac energy ut1T1zat1on s dwrectTy reTated to R |

~sthe maJor character1st1cs of that muscTe s1nce 1t can onTy/deveTop a .fff*

Pt

Therefore the heart must necessar1Ty adapt for an 1ncreas_d ven- ijiffif'

- smaTT oxygen debt (13) ; The obT1gatory aerob1c nature of/myocard1a1 ‘f': R ""‘




Mio, (4, 5, 32). R S
}‘ 'h R However, ddrectﬁassessmentlof“MVb‘-in man has been difficult. * |
., Basically lt requ1res a PPECTSE 1nva§1ve techn1que in order to measure . -« .

,- l\'“;’

- artery coronary s1nus oxvgen d1fference (art—csOZ) and coronary-s1nus

”( b]ood f]ow (CSBF) . In an effort to c1rcumvent th1s prbb1em, 1nves-

[

) t1gators have emp]oyed 1nd1rect 1nd1ces of MVO2 der1ved from an1ma1 stud— -

o

ie These 1nd1ces are based on the factors wh1ch 1nf1uence the 1ntra—

,‘/H.': . . N K"

]":i‘ i myocard1a1 tens1on and are, easw]y measured the deve]oped pressure, the
*dHR and the eJect1on t1me (32) Among the most frequent]y used 1nd1ces

~aréi 'the tens1on t1me 1ndex (TTI), wh1ch 1s the product. of the HR and

thg area. under the systo11c port1on of the ventr1cu1ar\\aort1c or

"-vbrach1a1 pressure curve (]16) the PRP wh1ch is. ca]cu]ated from ventr1c- !:id

”etfular aort1c or brach1a] artery systo11c peak pressure twmes HR (105)

zand the TP Wh]Ch adds the sy .011c eJectlon per1od per beat (SEP/beat)

sjlto the PRP (101) However, 1t shou1d be noted that none of these 1nd1-'r-‘

.v_>lf‘ -

°”«Ces of MVO2 1ncorporates a11 the factorsl nomn/to{exert a swgn1f1cant

'o?”?jnf1uence on VlVO2 (54) These 1nd1ces 1gnore a"egat1ons in ventr1cu1ar =

rdS1nce these 1nd1ces of M\/O2 of CSBF are reproduc1b1e 1n pred1c {ng ang1na ﬂ;~

E thresho]d for a g1ven 1nd1v1dua1, 1t is reasonab]e to postu]ate that: the
A*\xiniv fom1tted factors are e1ther constant and/or vary in the same\d1rect1on as
: v_]tHR and arter1a1 BP ( 102) It 1s usua11y accepted'that the contract11e
B ‘"'ﬂﬂhstate c]ose]y‘fol1ows varwat1ons an HR and that ventr1cu1ar vo1ume wou]d ‘b\',{.
::;{inot change apprec1ab1y throughout exerC1§e except 1n severe dysfunct1on 7n;f>§tp;ff'

,%5{of the 1eft ventr1c1e Furthermore the re]at1onsh1p for the T has been ,{f3t-*f\

found to be cons1stant a

1ndependant of var1at1ons 1n the type, 1nten— ‘fﬁ,h
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The best 1ndex to predict MVO2 dur1ng exerc1se séems to be .

e

'the PRP g,Recent stud1es show that the TTI and TP are 1ess c]ose]y cor-

re]ated w1th MVO2 than. the PRP (68 72, 8°)"' The prevwous1y reported.

poor corré]at1on of TTI with MVO2 dur1ng m11d, sup1ne exerc1s% in humans

ffhas also been found by K1tamura et a1/ - (82) durinq upr1ght b1cyc1e exer-f‘

‘c1se In we]] cond1t1oned young norma1 subJects, data were obta1ned at

l

A two: or three 1eve1s of exerc1se There was ‘a 1OWer corre]at1on 71}3:0 77)

'ported

.'_; between TTI and MVO2 than for PRP (r =0. 90) and MVO The malntenance

'of tenswon may be a re1at1ve1y minor, determ1nant of MVO (13) - In addi—

| - t1on, Holmberg et a] (68) have found a fourfo]d 1ncrease 1n MVO2 from :

i

rest to heavy sup1ne exerc1se w1th a para11el fourfo]d 1ncrease 1n the

“al; 7PRR¢ Th1s same 11near re]at1onsh1p has aﬂso been observed by- K1tamura

2

,;ff'et a] (BZé durwng upr1qht bwcyc1e exerc1se In add1t1on, in the1r ten'3'

.

"apat1ents w1thout ang1ograph1ca11y demonstrab]e CAD the coeff1c1ent of'

’.;corre]atwon between MVO2 and PRP was 0. 88 Va1ues for TTI were not re—‘:'h)“

. : RN coL Lo . . . - « .
B . i R L . N ° N . T N
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ca

. Th1s close reTat1onsh1p between MVO2 and PRP is” a]so observed fh'

<£When the PRP 1s a]tered by. n1trog1ycer1n or beta b]ockade . Redwood et

(102) have found that 1n such cond1t1ons ang1na occurs at a h1gher

".f}1nten51ty of exerc1se but P}P at’ ang1na is una1tered Fo]]ow1ng aorto—

fchonary bypass surgery, no conS1stent change 1n TP has been found du-~f'
‘ r-.‘. N

j‘r1ng exerc1se at a g1ven work]oad 6101) However the max1ma1 TP 1s *”vv

! marked]y 1ncreased after surgery 1f the grafts are patent (4) The'

l .

]

")'heart 1s an aerob1c organ The 1ncrease 1n the MVO2 w1th exerc1se is-
met by a h1gher myocard1a1 blood f]ow and oxygen extract1on from the j,f;'
7qfcoronary arter1a1 b]ood (90) A compar1son of the re1at1ve contr1but1on7'

lf;of the two tactors 1nd1cates that an 1ncrease in, CBF is the maJor mech-f{f

e < - .»».,. ; C,




LA T . I
|
\ ‘

"an1sm. The myocardium can only s11ght1y 1Acrease oxygen ut4112at1on

even at rest (37) Myocardial oxygen extractwon dur1nq rest is ap-
prox1mate1y 70 to 75%, exceed1nq that of all \other organs (90) In

h, | summary, CBF f011OWS MVO2 pari passu .as demon trated in animal (37)

|
1 f

and human (68 82 88 104 -124) stud1es

"7¥'q,1{

t

S o The§e resu]ts are 1n atcordance wwth h hypothesds that in-
: d1rect 1nd1ces must be’ 1ncréased or decreased a ter an intervention that.
L1s known to 1ncrea5e or decrease CBF respect1ve1y Mo data are present1y
""ava11ab]e on CSBF determ1ned atdé1tt1ng rest and at d1fferent nntenswt1es
V‘of upr1ght exerc1se up to the thresho]d of anq1na in CAD patlents
Ne1ther has the rest and exerc1se CSBF been determ1ned before and after
"-TRN.-. | : ’.
: PURPOSE OF “THE. sruov e

Th1s study was des1gned to determxne if CSBF and/or MVO2

ﬂﬁ’ ' ’ o . |

mod1f1ed by four to six months TRN 1n pat1ents with angina pector1s"

nd ang1oqraph1ca11y documented CAD The experwmental cond1t1ons for

”z the determ1nat1on of CSBF before and after TRN- were

Y ?' - L e

'a) S1tt1ng rest
‘ﬁfl,lff~f;ff~v b) an equ1va1ent 1nd1vwdua1 submax1ma1 work1oad

c) an equ1va1ent 1nd1v1dua1 submax1ma1 HR -

| d) symptom 11m1ted exerc1se

et
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LIST OF SYuMoLs :

a-VbQ : . arfterio-venous oxypeh difference (m1/100 ml)
. i /

ert—csozz, anterial and coronary‘sinus oxygen. difference (m1/100 ml)

BPd } brlachial artery diastolic pressure "(mmHg)
BPm ¢ bnachial artery mean pressure (mmHg)

BPs - . brach1a1 artfry systolic pressure (mmHg)

CAD |, coronary artery disease

Ca02~‘,§hﬁgpncentrat1on of O2 estimated directly fn brachial ?rtery -
(m1/1oo ml) ‘ |
CaEOZ', :/ conceptration of Cbz estimated directly iq{brachfal.artery :
’ | (ml/ldo m) - "
. CcsO2 : concentrat1on of O2 est1mated directly in the coronary- sinus  £
(m1/100 m1) | ' ;
' CcsCOz": concentrat1on of CO2 est1mated dxrectly in the coronary sinus ‘g
(m]/]OO ml) | | :?
CBF *: coronary blood flow - _ ?
CSBF :;'cdrppar sinus b]ood f]ow (m]/mvn) f
[ mean\chonary s inus pressure (mmHg) ;
"CVR T : xcoronary vascu]ar res1stance (mmHg/ml/m1n) ’ g
b;}FEC‘ : functional exerc1se capacity g_ .
v%%vi ; f .forced exp1ratory vo1Ume for one second (1ieer5f - o | f - }‘*
HR;; . heart rate (beats/min) f / @
u.ub' . :"hemog]ob1nv(g/1oo ml) I S '_L | L
; Ht ;.i':--hematocr1t (”)v' | ‘ ) |
| LA ' Tactates (mg/100 ml)
.'»MVQZ_ 1. myocardial oxygen'consumption (ﬁi;min)' 1




PaOé

PcsO2

PcsCO2

PRP
Qc
Sa0
Scst
SEP

9

paﬁ§1a] pressure  for 02 meashfed‘ﬂirect1y in brachial artery

(mmHg)
partial pressure for CO? measured directly in brachial artery
(mmHg ) ' . S

partial pressure Fo?‘"()2 meqsured,direct1y in the coronary

sinus ‘(mmtg) . T4 A

. N N A
partial pressure for CO, measured directly in the coronary

2

sinus (mmHg)

pressure-vate product (units)

cardiac output (1iter/min)

. saturation of 0p estimated direct]yﬂjn brachial artery (%)

1

. . saturation of 0, estimated directly in the coronary sinus (%)

systolic ejection period (sec)
stroke volume (ml)
physical training progfam

trip1¢kproduct (units)

tension time index (mmHg—sgc/hin) ' -
vital capaéity (Titer) | : C 5
maximal oxygen gonsumption~(1iter/min or ml/kg X min) ;

! . X ,

symptom—14mite§'maxima] oxygen consumption (1iter/min or

ml/kg X miny. | . A ‘
N Ty
: —e
-
N 1

e TR S
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CHAPTER 11

REVIEW OF LITERATURE

k]
‘\!
| ] .
This review will focus on one aspect of the rehabilit%tion

jal

of CAD patients, namely the TRN oflpatients withia previous nwocai
infarction and/or éxertibna] angina pectoris. 'TRN has been us quf_r

approx1mat1v‘ﬁy 10 years in the rehab111tat1on of CAD pat1ents Sfﬂhﬁhe

-

‘effects of such therapy will be compared to results of TRN in codﬁf ,|,

+‘animal studies. and in hea]thy sedentary subjects" Comﬁgxk 15,.;1 A

i

are not entirely due to TRN but also to the genet1c endowment. of the‘ath-

lTete which is particular to the requ{sites of each-sport. Furfhermore,

n W

the distinction between constitutional dﬁssimi1arities and the effects'
of TRN are not amenab]e to-definitive analysis (1). For these reasons,

only 1ong1tud1na1 studies are reviewed in this chapter ' However one
R .

must keep in m1nd that the long1tud1na1 approach does not reso]ve a]]

prob]ems, vo1unteers are often ath]et1c and differ from randomly selected

oo

| norma] people and pat1ents The exerc1se program can affect:other vari-
] ab]es such as body we1ght and smok1ng hab1ts, ‘and the resu]ts can be : ;

.b1ased by dropouts (44).
PHYSTCAL TRAINING OF HEALTHY SEDENTARY SUBJECTS AND ANTWALS =

L ~

~ . . : : - ) S SR

. A) Candiorespiratony effects

“%) " Maximal oxygen uptake T prose \ L
o ” )

10
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The primary measure of the quality of the cardiorespiratory \\
systoem 1s maximal oxygen‘EOnsumption (902 nax) which depends on maximal |
dc and the a»@bz differenco;of the body, 002 max reflects both the por—g
formance of the heart as a pump, the capacity of blood flow distribution
and skeletal muscle oxygen'utflization (61). The maintenance of arterial
oxygen tension during heavy exercise demonstrates that pulmonary factors,
ventilatory or diffusion, do not limit oxygen transport in normal sub-
Jects (92). For young untrained men, the mean value is approximatively
. 50 ml/kg k min, which diminishes with age to about 30 ml/kg X min at age
l 70 (106). In addition to age, interindividual variations.in VOZ max are
caused by sex (7), body size (92), habitual level of physiea] activity

and a so-called ceiﬂing effect or genetic-potential (1,°75).

o

As a genera] finding, 1ongwtud1na1 studies on sedentary young

4

males and females (79, 111, 112) and sedentary m1dd1e -aged males and fe-
males (60, 76 79, 93, 94 115 123) have revealed that endurahce or1enued

TRN for several months 1ncreases VO2 max. In young males,. stud1ed in

4

Da]las, (93) VO max 1ncreased from a value of 3 30-liter/min or 43 ml/
kg X m1n before TRN to- 3 91 11ter/m1n or 51 m]/kg X min -after TRN repre-

sent1ng an* 1ncrease of" 19” Sa1t1n (11]), in subJects of a similar age

group (X = 21 6 years) found a 15 6% change in: V// max after TRN.  An

1mprovement of only 10.9% for VO2 max was obta1ned in a group of twelve

o

_young hea1thy fema1es (X = 23.7 yeans). In m1dd1e aged men,’ most studies’

(60, 63, 76, 94, 113, 123), have found an'.increase of V0, max between 15%

to 20% independant of-;he durationAof their TRN. In the two’ 1ong1tud1na1
studies of'10nger duration,’Hangon et al. (60) found an 18% 1mprovement

Jand.Kasch et al. (76) a 17% /ncrement ovér a tra1n1nq per1od of 7- months

.
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and 2-years respectively., An increase higher than 30% for QUR max has
heen rvporxod by Pollock et al, (100) after a 20-weeks training period,
However, this result can ba partly explained by the lower pre-training

902 as compared to other studinﬁ. In two groups of middle~age women,
an increase of 13.?%’0( 902 max has been obs 0rvvd In the youngest

(X = 44,0 years) compared to 9.3% for the other (X = 66.4 years) after
TRN (79). - ' '

»

Siegel et al, (123) postulated, in TRN of middie-aqed men,
& that the number of sessions per week. theitotal duration of TRN, the
‘effective duration d} each session and the intensity of -exercise influence
the ‘degree of improvement. Although the relative contribution of these
components is still unclear, it can explain the lower relative improve-
ment in increase for V0, max in females of different age after TRN.
Ros kamm (167) mentions that sex does not appear fo influence the result
of TRN and, as stated above, the smaller improvement noted in women by .
Kiblom (79) is probably due to the less intensive TRN. It is of interest
to note, that most TRN designed “for men included -periods at the maximal
exercise 1eVe]vcompaFed toltnevovera11 subma;imaltiq;ensity used by

. " Kiblom in women.

v
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T However desp1te “their reTati VETY“+owen~¢n1t1al va]ues,

o e o4

middle-aged men appear to be less trainable than younger subjects. Al-

- though the same relative increase in VO max was found 1n d1fferent age

e

e .o P

"1ess when the1r 1ow VO2 max at the onset oﬁ/tra1n1ng is taken into- account.
A

—
(Sa1t1n\\1><L‘ 1/})/gxp%aﬁﬁ'th15 -Tess marked 1mprovement 1n absolute terms

N
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by each age groups, Therefore, they emphasize.tnat even if 3 piagdle-

aged parson has been sedentary during most of his life, ne has the $gune

relative ability as younger subjects to fmprove his VO, max (113),

The increase in pylmonary ventilation is proportional to
that in VO, max, and since arterial blood gas studies (ndicale that ven-

tilation and diffusion do not 1imit maxima) performance under normal

-4 conditfons, the increase in VO? max with TRN is due to changes in its

hemodynamic determinants and.skeletal muscle cellular adaptation {32).

The results of the few studies including hnmndynamié data at the maximal
exercise level shoy that' the iqgréaaed QO? max after TRH in the young
subjects (107, 111, 112, 137) is related to both an increase in éc and in
a—voe'ﬁifferenée. In ;hc older subjects (ol) it was related only to an
increased Qc since the a-VDZ differénce was unchanged. Since in each
case, the maximal HR waé not increased but slightly reduced, the increased

3

Qc results from an increase in SV. The reason why the maximal a-VOé dif-

ference is not modified with TRN in middle-aged men is unknown(32). Data
obtained in young and older women show thdt the increase in 90 max re-

sults from a greater maximal Qc (80). However, because of tﬁé Less in- N

. e -

ference with TRN in the young women m1ght be 51mp1y due Lo the Tower

.,tenée TRN-followed by women, the lack of increase in maxlmal 3Av0, dif- - iy
1ntens1ty of Lhe TRN or/and Tess cellular adaptat1on ‘

A potential factor which could lead to an increased SV is an
increase {n heart -volume. Astrand ét al. (7) have found that a fa1r1y
good relat1onsh1p ex1sts in young adults between heart volume 5% supine - gfﬁﬂ
position and the hi@hest observed SV dUr1ng exercise. Howevgr,ﬂqne-cah o .

find studies where {ncpeased-maxima1 SV after TRN was—associated with a




, \N o ,
farqger heart volume (112, 114}, while in ather studtes the Reart valume

did not change or even significantly Jdecreased after THN {79, 188, 121},

A larger heart VG!HWv dfter TRH has anly been ab%éfvﬁd in young healthy i
syhjects,  In any case, (¢ 15 clear 1hatv{ne Y can lRcrease arter THH

without any change in the rea{¥ﬂ§nneart voluse, At this time, it iy not

pqgﬁiﬁ¥§ to completely describe the mechaﬂiiﬁ resnghsible for the in- %
Ccrease in &Y {32), Therefore, in m{ddle-aged men the 5V inerease is Tar- é

ger than can be axpected from the heirt volume enlargement, <uggesting

possible improvement in myocardial gontractility (V). Although no
3
defintte explanation can ha given f@m thie redyced o stance in trained

miseles during mavimal exercie, T ynuws fa0) ngetylated that the in-
crease in 0 macimum follawing TN reqults from a decrease {n total pe-
ripheral resistance, This implies that the increase in Y ts 3 seconds

Lifry

ary pvent, duye to the fact that e is greater at any HRE after THN,

The data collected in younqg sedentary subjects clearly indi-

cate, however, that TRN can also increase the maxcimal a- w0 ﬁzf‘pr’rce.

a...

Since a greater redictribUtion of the maximal fc can account for only 3

-

small fraction of this widened paxipal a-v0, differnnce, increased oxy- =

gen extraction capacity of the working muscles must be postulated (32).

-

Th1s higher oxygen extraction aftér TRY might by directly related to en-
zvmat1c changes in the skeletal workina musc1 5 (64). In fact, Holloszy
(65) has shown that the mitochondrial fraction taken from the gastronemizg
muscle of trained rat disblayéd 2 two fold increase in the ability to ~
oxidize pyruvate. Furthermora,ﬂincreased oxygen extraction capacity of

-

skeletal muscle after TRN might also be improved by an increase in the

-

A

number and size of mitochondria (53).
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'Hﬁ_ cate that the contract11e work of the left ventr1c]e dec11nes sl1ght1y

At a-g1ven subma\TmaT exercwse 1eve1 VO 1s e1ther unchanged A"

B

"‘wer after TRN whu1e the«vent11at1on is usua11y decreased

e pre5ence ot the same VO2 for s1m11ar submFx1ma1 work]oads

post TRN totﬁ%fbody mechan1ca1 eff1c1ency rema1qs unchanged (44) How-p~ o
1 o
ever, dramatlc'changes have been observed 1n hemodynam1c determ1nants

o

'f of VO 50 that a greater amount of externa] work can be performed at ther~-wﬁk,

same re]at1ve submax1ma] VO2 after TRN TRN constant]y reduces the HR

t at rest and at submax1ma1 exerc1se 1eve1s (39 47 61 113 114) Ont'Hd“f'

7

the other hand the effects of TRN on Qc are unc]ear Nhere submax1ma1
VO.> 1s constant the 1ower HR was - ba]anced by a. h1gher submax1ma] SV and f:

the Qc rema1ned constant (47 61 112 ]14) However others have re-’

. .\.
R

ported a s]1ght1y reduced Qc dur1ng submax1ma1 WOrk wh1ch was compensated
.k g
Us d1fference (36 9 60) Sa1t1n (112) po1nted out '
/ .

that the lower submax1ma1 Qc 1s not the most common f1nd1ng in hea1thy

by a w1dened a—VO

subJects,‘and Detry (32) has made the observat1on that thws resu]t was ,rlf

not genera11y seen in. sedentary subJect but rather 1n we]] tra1ned sub— ',s : ,?b“
| Jects stud1es before and after tra1n5hg season A1so the effects of | |
TRN on systemnc arter1a1 BP- are not c1earf OnTy Sma11 changes 1n»the 1»§$§{{’“

arter1a] BP are observed w1th TRN 1n young subJects (39 6] 114) The' |
’common f1nd1ng is that the brach1a] artery pressure is re]ated to the _'

HR at rest and dur1ng exercwse, both before and after TRN (93) Adam ‘gﬁsig‘ |

et al. (1) po1nted out that a s11ght reduct1on 1n arter157 BP- 1n m1dd1e- N

4
aged men w1th s1gn1f1cant reduct1on 1n HR and 11ttle change 1n Qc in:

. 5 . . [P - - .
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tralnees at the same submax1ma1 work]oads g Reduced pressure must 1nd1—'
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el T In add1t1on 1t must be postu]ated from submax1ma1 resu]ts

z,_—.- .

that per1phera1 adapta&1ons to acute exerc1se secondary to TRN are 1m--
. . \ “

portant Two maJor f1nd1ngs support.th1s v1ew F1rst of a]] 1act1c"

ac1d (LA) concentrat1on has been found t% ge constant]y decreased in

hea]thy young 1nd1v1dua1s, m1dd1e aged men‘and ceronary pat1ents after

\ S
TRN durlng submaxnma] exerc1se in sp1te of an unchanged or decreased Qc =

(44) Second]y, the d1str1but1on of the Qc at a g1vgn submax1ma1 exer— R

"/
c1se 1eve] is probab]y mod1f1ed Recent stud1es have shown that at

1dent1ca] submax1ma1 work 1ntens1t1es, the 1ncrea%e 1n work1ng musc1e f"

@

perfus1on 1s 1ess pronounced and t'~

dueed 1n cond1t1oned norma1 peop1e and in CAD tra1nees (21 130 136)

\’

.0

act1vat1on of red muscTe f1bers w1th a more eff1c1ent energy y S ~7#1ff,l‘

aerobnc-processes (1T3) waer muscTe b]ood f]ow at the same Sub. o

—w~workToads after TRN has a]so been exp]a1ned by the cons1derab1y enhanced

oxydat1ve metabo]1c capac1ty ina tra1ned musc]e (47) Recent ev1dence'y'

-

' show1ng 1ncreased act1v1ty of the ske1eta1 musc1e oxydat1ve enzymes andl.”"” o

,'»,\u

an- 1ncrease in. the s1ze and number of the musc]e m1tochondr1a after TRN{'

(55 64 65) suggest that such a mechan1sm 1s operat1ve

. l' 3 N -

gTh1s per1phera1 response to TRN is’ a]so 1mportant for two ,{'fcfgL

T,

'_ others reasons. - For one, exerc1se test1ng us1ng 1arge tra1ned musc]e

groups is an 1mportant prerequ1s1te in order to observe s1gn1f1cant

vtra1n1ng bradycard1a In two groups of young hea1thy subJects who per-

formed arm tra1n1ng and 1eg tra1n1ng, respect1ve1y, C]ausen et a] (22) ;

found that arm tra1n1ng caused ar pronounced reduct1on in: HR dur1ng arm ff\’

eierc1se, whereas only a sma]] reductwon ‘was . seenudur1ng exerc1se per-

o.‘

formed w1th non—tra1ned 1eg musc]es \ Therefore at the two submax1ma1

ade T
i . S
, T

f]ow to other t1ssues is 1ess re- e

The Tower 1eve1 of b1ood LA in submax1ma1 work may be due to an 1ncreased )
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| work]oads whwch were chosen to. q1ve the same HR before TRN (4 e loO and _

;170 beats/m1n)‘dur1ng both 1eo and arm exercwses, 1eg tra1n1nq reduced e

»

"~ HR a1most equa11y dur1nq leg exercise ‘and -arm exerc1ses In a prev1ous ks

’ study (23) it was: reported that TRN performed w1th\the 1eos dwd not rej“g
. ‘/.
duce the qroup mean HR dur1ng arm work However 1n two of ewght sub—»

ik,

_f; Jects TRN of the 1eq musc1es caused HR reduct1on dur1ng 1eg as we11 as. -
i arm work Th1s contrad1ct1on may be exp1a1ned by fewer SUbJECtS and a

) 1ess strenuous TRN (22) C]ausen et al. (22) conc1ude frpm the1r re"‘_‘alff o

su]ts, that “in add1t1on to centra] cwrculatory chanqes there are a1ter- f;;' p‘?jf ;frij
tt?“at1ons in the tra1ned musc1es that contrwbute to the tra1n1ng bradycar— L
E éd. The other 1mportant p01nt dea1s w1th Qc and 1ts d1str1but10n wh1ch :ft L

;_was'unchanqed 1n 1eg exercwse wath arm tra1n1ng and v1ce yersa (22)
i . - ""° T e ﬂf L "w_e ‘ﬂ L 'ﬂ“T ,Q.QHQ SR

B) Candtae ﬂunetton and meiaboﬁxAm i 5"‘“_'V‘J,;d"‘.'535.uh‘

Exerc1se.cra1n1ng causes 1mproved mechanwca] and‘metaboitc o
performance of the rat heart It has been demonstrated that hearts from hb;a
"-355 cond1t1oned rats have 1ncreased q1ycoqen 1eve1s wh1ch Can be mob111zed
but no chanqes were found in h1gh energy phosphate stores (118) Further—..d B

"’“( /more, the effect of 1ncreas1nq f]ow on:, 1eft ventr1cu1ar work mean 1nte—> '
Cel e

grated 1eft ventr1cu1ar systo11c pressure, VOZ’ LA product1on, and effw—il~3‘

_'c1ency have been studwed on hearts of sedentary and cond1t1oned an1ma1s::h\j1;-fg;5_f

\

1n the work1ng rat apparatus (99) The hearts from cond1t1oned rats g\

¢

‘ showed 2 greater response in 1eft vghtr1cu1ar work and mean 1ntegrated

1eft ventrtcular systo11c pressure as f1111ng pressure was 1ncreased I" ‘ :‘r,'g,f

as a]so fOUnd that the max1ma1 rate of 1eft ventrwcu1ar pressure r1se el

was hlqher at each 1eve1 of f1111ng pressure In the 1wght of these
’vf; f1nd1ngs these authors suqqest an 1ncrease 1n the contractwle state of, ,thf'

B the 1eft ventr1c1e of the tra1ned rats, whwch may be due to an a]terat1onjf7

S




4 }'.

T '1n the contract11e protelns in the tra1ned ventrwcTes s1nce card1ac acto-

[ —_—

myos1n ATPase act1v1t1es was 1ncreased (TO)

The hearts from the tra;hed rats aTso demonstrate a h1gher'
MVO2 and a Tower LA product1on than hearts from the. sedentary rats: w1th
1?>s1m11ar 1ncrements o$4atr1a1 pressure In add1t1on, 1t was found\that
1;lthe 1ncrease in MVO2 1n the tra1ned rats was due to an 1ncrease 1n CBF i
'eflw1th-no‘519n ant change in art csO2 d1fference whereas, 1n the sed—‘l
ff_i;entary rats it was due to an increase in art csO2 d1fference w1th no sig- :

(

"T_n1f1cant change in CBF (TT7)

ST The response to- hypox1a of hearts from sedentary and tra1ned

I | l) / ST
rats has aTso been/stud1ed (TT9) The hearts from tra1ned rats ma1nta1nedl*«

}

‘ ».g‘a h1gher Teft ventr1cuTar work and mean 1ntegrated Teft ventr1cu1ar sys—v

;:toT1c pressure dur1ng hypox1a _ However dur1ng hypox1a MVO2 and LA pro-

§ -

f{ﬂduct1on were. s1m1Tar Card1ac eff1c1ency was twwce as h1gh dur1ng hypox1al 1'¢>

‘f‘,1n hearts of tra1ned rats than 1n sedentary rats Thus hearts of travned t"’;.

'frats appear to be reTat1veTy more res1stant to hypox1a, due to a more'id

'-»ii_eff1c1ent mechanwsm of energy ut1112at1on S1m1Tar data are not present- :

""Ty ava1TabTe on' humans ,*_ aﬁ*g~'.-.," ';‘ ; *ff\&[_: By

”3CT‘ Caiechoﬂamtnea

e T oA o ' o ‘ S S
°'_: SR Tra1n1ng may aTso affect catecho]am1ne TeveTs 1n the heart R

f’and 1n the adrenaT gTands, and the output of qgtechoTam1nes in responsevf'

v’o l

.....

'fto phys1ca1 exerc1se It has been shown 1n rats that TRN causes a 51g-jy'5
1w'n1f1cant decrease 1n totaT heart catecho]am1ne content (31) Another
‘sf-study 1n rats showed that the norep1nephr1ne content 1n the heart was
. J

'v'~,,Tower 1n tra1ned versus untra1ned rats, wthe the ep1nephr1ne content”

Sel
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g focussed on two 1nterest1ng p01nts The reduct1on of norep1nephr1nef'

.jcentra1 factors (fn!

;§CAD pat1ents seems unre]ated to exer‘Jse to]erance

s\1n the adrena]s 1s h1gher 1n tra1ned rats (98) In man, the decreased
‘\HR at a submax1ma1 work1oad has been shown to be due to a decreased car—‘
"‘_d1ac sympathet1c act1v1ty W1th thws respect the p]asma 1eve1 of nor-,‘

: ep1nephr1ne, as an 1ndex of adrenerg1c’actTV1 y dur1ng exerc1se, has

been shown to 1ncrease dur1ng exerc1se in proport1on to the relat1ve

-'work1oad (59) One of the pr1nC1pa] sources of th1s norep1nephr1ne ap—,:v
,,pears to be 1n the acce]erans f1bers to the heart (134) Since" after L

""TRN, a g1ven submax1ma1 workload becomes a sma1]er relat1ve work]oad

A

.;the 1eve1 of card1ac sympathet1c act1v1ty 1s decreased In two recent .

,stud1es, the effects of short term exerc1se tra1n1ng on. p]asma catecho—f

41am1ne 1evels done in norma1 subJects (134)‘and CAD pat1ents (139)‘naveﬁ."

after TRN was. best corre]ated w1th the concomwfant reduct1on 1n HR. ,AS'VHQf

1
[

'T'the crement'1n norep1nephr1ne 1eve]s after TRN was 51gn1f1cant1y more 7cQ

"'pronounced du#1ng work performed wmth the tra1ned musc]e group,_the con—‘f

'clus1on was that\Joca1 factors w1th1n the tra1ned musc]es as we1] as |

were respons1b1e for the

T
’x1evels seen- dur1ng exerc1se
}

“f:i PHVSICAL TRAINING I THE THERAPV oF CORON _y ARTERV DISEASE

. /,' .

tA) Candtoneaptnaiaay edﬁeciz v‘<‘€i:5*".].ﬁit'§ggi;
ik Ipcreases in the FEC or VO2 max of asymptomat1c pat1entsi(24;;f,e_'ﬁ”

27, 33 34 101) or the VO2 41 of pat1ents w1th ang1na pector1s.(]9‘ 33 ‘-ffV‘

P

' 7'!”46; 10 ;,~ﬂ09 110) 1s we11 documented However 1mprovement 1n VO2 1

..‘»'

ne: centra] nervous svstem and/or 1n the myOCc um) o

1gn1f1cant decrement in- arter1al dorep1nephr1ne':~ff,'
:fter TRN (134) In add1t1on, Wo]fson etals

"i(139) made the observatlon that 'ecreased sympathet1c act1v1ty 1n tra1ned7f'f*1'



'f'[~dynam1c mechan1sms under]ytng the 1ncrease of VO2 max, in pat1ents w1th—.~a

xf“'w1th hea1ed myocard1a1 1nfarctton resu]ted atmost exc]us1ve1y from a

"'4ff‘jgreater maximal a- V02 d1fference There is present]y no sat1sfactory

T I
R A L : Co " .

L | ‘

. T : _
seen 1n ang1na pat1ent5\appears to be more’ 1mpress1ve than the 1ncrement

ﬁ

t observed 1n VO2 max for pat1ents wwthout angwna after TRN. In a study

R B R i o R M b

by Detry et al (33) VOé,j was obtawned An SiX pattents w1th angwna and s1xl

B

: w1th pr1or myocard1a1 1nfarct1on but w1thout ang1na In the pat1ents
/

o w1th angtna VO2 - 1ncreased 30% from 19, m]/kg X min before TRN to 24 m1/
: "3 .

| kg X min after TRN ' In. the pat1ents w1thout ang1na VO2 max- 1ncreased 18% oy
- from 27 m1/kg X min - to 32 m]/kg X’ m1n As 1n healthy subJects, the most

_1mportant 1ncreases were in pattents who had the 1owestpre tra1n1ng VO ‘ ayt‘}

T Accordwng to Detry (32), 1ncreased VO2 1 of angtna pat1ents" |
: : 7S . .
'~,.after TRN résu]ts from the decreased HR, arter1a1 BP- and thus mydcard1a1.‘“
o ,oxygen requ1rements dur1ng exerc1se the work]oad preC1p1tat1ng the an-

: 4

3 g1na1 pa1n before TRN 1s 1ndeed performed after TRN w1th 1ower MVO2 and R

“the ang1na1 patn does not appear at th1s 1eve1 of exerc1se The hemo--7‘

& r

-f:out ang1na of effort 1s 1ess c]ear : A cross se]ect1ona1 study done by

'fa;Rousseau et~a1 109) report that the h1qher VO2 max of tra1ned pat1ents

exp1anat1on for th1s resu]t in such patTents (109)

.f:’B‘) Rupame xto »submax,tma,t exe/mmc :

) Heaax nazc camdtac oatpat and amtentovenoua oxygen dtéﬁenence
| It has been shown 1n severa1 1nvest1gat10ns (19 24 33 46

wﬂ7t110) that the HR at a g1ven submax1ma1 work]oad, as seen in hea]thy sub— Tod

_Jects._1s cons1stant]y reduced after TRN in CAD pat1ents Frequent]y

"accompany1ng th1s ]ower HR is, a reduced system1c arter1a1 BP (19 24 33)
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)
As HR and arterial BP are 1mportant determ1nants of MVOZ, 1t is postu—

'1ated that a. CAD pat1ent will perform a g1ven submaximal exercise w1th a

presumably -lower MVOZ'» | .

o

Vo More controvers1a1 resu]ts are presentl} aVa11ab1e concern1ng

. other hemodynam1c responses accompanytng the lower HR after TRN in these
" 3 \
.- CAD patwents Accord1ng to some authors, the Tower post tra1n1ng HR%js

'.‘“7<‘c0mpensated by an 1ncreasd in the'sy w1th an unchanged QC and a- V0, dif-

~f~ference dur1ng submax1ma1 dxerc1se 1oads after TRN (24 46, 48 110);
*:others found a decreased Qc attended by an 1ncreased a- ‘02 di fference
"dur1ng same submax1ma1 work1oads after TRN (33 109 125) The relative

‘i{1mportance of centra] and per1phera1 c1rcu1atory changes for the 1mproved

B performance after exerc1se tra1n1ng is. st111 debated Frick et a1/(48)

state that the f1nd1ng of unchanged a: ‘02 d1fference dur1ng exercise

H

after TRN ref]ects enhanced SV due to ‘improve’ contract1}1ty and muscularv
fhypertrophy ‘On the other hand C1ausen and_Irap Jensen (19) state that
bkthe reduct1on 1n Qc for a given submax1ma] VO2 after TRN to be due to
“}mprodement of the perwphera] oxygen extract1on, the decreased Qc be1ng
Fhsecondary to the 1mproved per1phera1 ut1112at1on of*oxygen

| b/The reso]ut1on of these controvers1a] resu]ts 1s not yet
}csatisfactor&, but a ]arge part of the contrad1ct1ons cou]d be exp1a1ned
feby factors re1ated to the exper1menta1 procedures and/or se]ect1on of. pa-
ﬁivt1ents | At %1rst exam1nat1on of exper1mehta1 procedures, maJor d1ffer—'kb
".ences caane detetted in the sup1ne pos1t1on used by/Fr1ck at al - (46, 48)

versus the upr1ght pOs1t1on ment1oned in other stud/es, and 1n the t1me -

wh1ch was much sma]]er in the stud1es by Fr1ck et a] (46 48) Gauth1er

'1nterva1 between the acute myocard1a1 1nfarct1on and the onset of TRN / ' i 1

R |
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(52) found.no difference in hemodynamic responses between supine exer-

’

cise and uprwght b1cyc1e exercise at the same submav1ma1 work]oads be-

\

;fore and after TRN 1in CAD patients. The changes observed in Qc, SV and

A 3,

a- v02 d1fference were of the same order and direct1on However, it seems

that the t1me 1nterva1 between the myocard1a] 1nfarct1on and the onset

. 1 o L
of training is 1mportant s1noe the increase in submaximal SV with training

. in ear]y pOst-myocardial infarct period is largely nonspecitic and cor-
vresponds most]y to the natura] evo]ut10n of the card1ac funct1on dur1ng

the f1rst months after myocard1a1 1nfarct1on (110)

]

In add1t1on to the delay between the myocard1a1 1nfarct1on

and the onset of tra1n1ng, 1t seems that both age and the question of

‘

whether or not ang1na pector1s is present are of 1mportance for the ef~ i
fect of tra1n1ng : BJernu]f (12) foupd an increase in SV on]y in the

younger age group (<55 years) of tra1ned pat1ents Th1s Sy 1ncrease

h dur1ng submax1ma1 exerC1se after TRN was st111 more pronounced in the
‘younger pat1ents w1thout ang1na of effort Therefore “he . pointed out
,-Athe poss1b111ty that these observat1ons m1ght only ref]ect the ]ower

'tra1n1ng 1ntens1ty 1n the o]der pat1ents and those with angina pectoris.

However, it seems poss1b1e that TRN produces the centra1 type of effect

ip. some pat1ents with CAD and the per1phera1 type in others, and th1s

cou]d be a funct1on of the severity of “the d1sease (12).

3

i) DMAinxbuzion 05 cdndida ouipdt
- The d1str1but1on of the\submax1ma] Qc after TRN 1s prat1ca1]y

the same as was observed in hea]thy subJects Tt has been demonstrated

' that at 2 g1ven level of submax1ma] exerc1se the estimated sp]anchn1c

: b]ood f]ow was h1gher and the submax1ma1 musc]e blood f]ow 1ower after

¢

3%
4
\( .

Ve

o

;
H
1
i
3
H




£

TRM in CAD pagienbs (19). Considering thal the mechanical e?ficihncy
has not changed after TRN, higher oxygen extraction capacity of the
working mdscle must have contributed to the same submaximal VOé after
TRN. The mechanism underlying this adaptation is probably based on an
increased enzymatic activity of the’muscles ae‘observed'in healthy sub-

“Jjects (32).

c) St segment depness®on

The magn1tude of St-segment: depression is qenerallj rcgarded
as réf]ecting the degree of myocardial ischemia. In ;hls respect, it is
not surpr{Sing.that invest%gator;_have,beenvinterested in studying the
ne1ationshipbofVSt—segment ﬁepreséidn to either a given 1eve] of submaxiu
mallexercise (34,v109) or the samebsnbmaximal HR (27, 78), PRP (34) or
‘. TP (107) at the onset of ang?na; before and after TRN. It is a well rec-
ognizedffatt]that”the magnitude of the Sf—segment depression at the same
‘submaxﬁmal wprk{qads is decreased aften TRH»(34, 109) . Thislis probably
attended by a 1esser metaboT{e;demand on the heart. ‘However, at the same
HR va1ues before and after TRN conf11ct1ng results have been observed.
Costill et al. (27) found that the St-segment depression occured at The.’
same HR both before and after TRN, but Kavanagh et al. (78)‘and Kasch andl-
'Boyer (77) have observed in some CAD pat1ents after TRN of 1onger (dura-
tion, 1ess St—segment depress1on at a spec1f1ed exercise HR. ) ’

[N

At the on&et of ang1na, Detry and Bruce (34) foundbthat TRN
a]tered the relat1onsh1p between ang1na and St- segment depression as ma-
n1festat1on3‘of myocard1a1 hypox1a dur1ng exercise. Exert1ona1 ang1na
‘occurred at a h1gher PRP’ after TRN but deve]oped St-;egment depress1on

at the same PRP as before TRN On the other hand, Redwood et al. (10])




found higher TR values at the onset of anaina, and in none'of the three
patients in whom St-segment changes developed during exercise did the
degree of St-seagment depression at the onset of angina after TRMN exceed

that observed at the onget of angina before TRN '

D) Coronary collaterals’

An hypothesis‘that collateral circulation codld be enhan#¥ed
by exercise in man with partially obstructed coronary artertes was sug-
~gested by Eckstein (38)'nho‘showed.that TRN induced coronary collateral

circu]atign in dogs with prior pantial ligation of the circumflek arte-
ries. However, Kaplinsky et al. (74).coq;d not demonstrate a similar
training effect in dogs where the anterior descending was comniete1y 0b-
strueted. fhey observed collateral vessels development in both trained
and- controlled dogs. In man, the presence of coT]atera1s has:been shown
to correlate with the. severity of coronary obstructive d1sease and that
collaterals’ have not been demonstrated c1nearter1oqraph1ca11y in pat1ents '
w1thout CAD or in those with Tess than 50 keduct1on in’ 1umen (81) he l
.deve]opment or add1t1on of new collaterals after tra1n1nq in man does

not receive sgpport from recent studies (26;’43). Ferquson et al. (43)
Studiee 14 patients with significant obstructions (500 or qreater) tn one,
two or three coronary arter1es who exerc1sed three times a week for 13 |
"months The appearance of new co11atera1 vessels after TRN in only two
pat1ents was re]ated to ex1st1nq 1eswons progress1nq to complete occlu-
s1on. This is in agreement w1th Conner et al: (26) who jnd1cate¢,7from
n~repeat arter1ograph1c evaluations, that co]]atera] vessels deve]boed?
only with an 1ncrease‘in:seierfty ot'tne Tocal disease. However, one can

quest1on the va11d1ty of the anqwoqraph1c techn1que wh1ch can v1sua11ze

¥
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the coronary notwork only in tho resting condition where the threshold
st1mu1at1on for opening co]]atera]s is perhaps too low. In addition, it

cannot he ruled out that CBF through existing collaterals may be 1ncreas-

3

~ed since flow is not measured by the coronary angiographic technique.

-

E)  Coranaty blood flow and myocardial axygen Lcnsumpt<on ,

L) Measwrement o4 myocardial blood 4€ow |

A]thouqh appreciable proqress ‘has been realized during past

years, the measure .of coronarv blood f]ow in human 'ti11 renawns very”
. d1ff1cu1t “In oenera] methods can. be subdivided in two groups: those
requiring coronary_s1nus or coronary artery catheterizati%n and others
‘ fwhere cardiac catheterization is noc‘necessary{ In the first category
the major dif?erence when.coronary sinus instead of coronary artery ca-
theterization is done is the use of renous sampling techniques compared
to precordial counting technidues ‘Another distinction between these |
techniques is;the nature of tracer used Tracers most often emp]oyed are
nitrous ox1de, kr1pton, Xenon h/droqen, he11um and argon., In add1t1on
regard1ng precordial count1no techn1ques a rad10act1ve tracer must be
used In the second group of”methods, the pr1nC1p1e lays 1n the notjon
- of‘myocardia1 clearance e1aborated by Sapirstein (115). The indicator
1s an 1sotop1c tracer quant1tated fo11ow1no intravenous adm1n1strat1on i

by external count at a precord1a] 1eve1

In spite of their respective advantaqes,'a11 these methods,
present multiple d1sadvantages They do not perm1t serial determ1nat1ons
_and the detection of rap1d var1at1ons of coronary f]ow Since the indi-
cator uséd s not_entirely atoxic there may be a Timitation as to number

of determ1nat1ons poss1b1e (83) Most of these methods have not been
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validated against an independant Stahdard such as right hnart bypass \

and in addition this validation when myocardial flow is .abnormally hete-

rogeneous as for jnstance in CAD patients is almost inexistant. E£xcopt
o .

for the venous gggﬁling techniques M\JO2 cannot be derived.

Beside these techniques, the principle of thermodilution with
catheterizaeibn of the coronary sinus hqs been suecessfu11y employed to
determine CSBF. This method derives from ithat described by Fegler (41),
Bas1ca11y, it requ1res continuous injection of a thermal indicator at

~constant speed. Numerous advantages are associated to this technique.
Accdrding to‘Ganz (50), this method perm1ts measurements to be repeated

“in short intervals since the body acts as a 1arqe'sink and rapid cha

~in; coronary~ciwculatidn‘can be studied. |he b]ood f]ow of the coronary

~sinus so measured is expressed.in ml/min instead per 100 qrams of myo—,r
- cardium. Although righﬁ heart catheterization might be a disadvantage,
the possibi1ity‘of’sémp1ing cordnary veddﬂseb]dod is important if ore }5
interested in data regarding myocardial metabdﬁism, F%na11y, the equip-
ment is inexpensive add/simple. The only 1fmitation of imbdrtance is
:.re1ated to the preefee'd6§7%ion of the-eatheter within the”coronary sinus.
As carefully pointed out bty K1ocke (83) mieleadinq changes in fﬁow;gan
oecur if cathetervpositibn within the coronary sinus changes, either fﬁ\\
response to an 1nterventidn or as a result of catheter softening Ganz
(51) has presented data validating the accuracy of the tnermod11uL1od
method in model exper1ments and in vivo studies in the canine jugular
veid and coroharylsinus. A good reproducibiljty of measuremert.ﬁn men
~(4, &+2 4m) has been found w1th 20 pat1ents when CSBF were performed

. AN
w1th1n three minutes at rest,
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i) Respopse to gxemé&g ﬁlm:ni?iiﬂ??

There is enly igdirect evidence that the miximal &HF and/or
MVOzlduring upright exercise {5 increased following TRMN iR~man;’ This
piece of evidence refers to the maximum PRP (124, 133) and TP™(40, HU))
during upright exercise that has been shown to increase in patfents with

angina pectoris following TRN., Sim and Neill (124) have reported no

change with TRN for the myocardial LA production at the angina threshold™

during step-wise atrial pacing. In addition, the M\'/(")2 and CBF were un-
changed at a paced HR ten beats below the angina ﬁhresho1d (134);‘ There-
fore, a significant higher PRP evaluated duréng upright exercise position
at the onset of angina after TRM was inferpreted to indicate that TPN

exerted a specific effect and did not carry over to a different stress

such as pacing-induced tachycardia (124).

In order to explain this higher max{ﬁum PRP after TRN observed
during exercise,wthese authors squest that a change in the myocardial
contractile state, operative on1y in exerc1se but nct atr1a1 pacing,
would have changed the re]at1onsh1p between MVO “and PRP (124). This is

yet to be proved since PRP determined with an intra-arterial catheter

- during submaximal upright bicycle exercise has been found to correlate

highly with MVO2 under normal cond1t1ons (82) and rol]ow1ng changes in— -7

contract111ty secondary to Proprano]ol {72). TClausen (20) has proposed

»

tw0—exp}anat10ns why angina is provoked at a h1qner product of HR and
arterial BP after TRN. First of all a decreaséd of one or more of the
other determinants of MVO2 allows h1qher vaTues for PRP to be achieved

at the same MVOZ. Second]y, there is a higher maximum MVO2 due to im-

_prove O2 supply.to the region of the myocardlum from which ischemic

“

Al il i e

T

ke

TR RS



pain is provaked, According to Detry {(34) these findings af higher Brap,
\ ,
TV or TP 3t the onuet of nnqinﬁ\affvr TN are difficult to ifatervpret,
\

sinee the electrocardiographic dath after TRY du net syngest an improved
oxygen supply to the myocardium, Hellerstedn {62) nas pointed out that
paychalogical changes induced by TRY could also play a role by moadifying

the threshold of pain perception,

‘ L
In fespect to elucidate the significance of the higher PRP at

the onset of angina after TRN, {t is.important to study the relationship

© petween submaximal and maximal PRP and C38F and/or MY0, while the patient

< oxercising, nince the adaptation seems’ to be restricted to exercise

(124).




" CHAPTER III » -

. METHODOLOGY
el e T T e e
E f*_PATiENTS‘SELECTiON o Tl

Pl

e
“

Fourteen mate pat1ents not accepted for or refus1ng coronary
rd:artery surgery were se]ected for th1s study accord1ng to the fo110w1ng !
‘cr1ter1a ‘) h1story of dwsab11ng but stab]e ang1na pector1s, b) an- fjd
;7"_g1na pectorxs dur1ng upr1ght exerc1se, c) s1gn1f1cant obstructwon (>70%)57
- kb'Of one or ‘more: major vessel at se1ect1ve coronary arter1ography,id) ade-i
| :'QUate 1eft ventrtcu]ar funct1on at: restzwvth 1eft ventr1cu]ar end- ‘
_g;-.d1asto11c pressure <15 mmHg and eJect1on fract10n 30. 50, e) W1]11ﬁqness o
“bi'to partﬁc1pate 1n the TRN apd test procedures, and f) no- other qqsab1j_ o
"::}1ty 1ncompat1b1e w1th exerc1se tra1n1ng One pat1ent after the pre— .
41?TRN test procedures, dec1ded to w1thdraw from the study at the beg1nn1ng;?;..
'-.15\ v_it'g;of TRN for persona] reasons The c]1n1ca] and‘ang1ograph1c character~ |

171} ?_i."fmean age was 46 years (range 334 58) : Four pat1ents had s11ght ventric- -

~7uu1ar dysk1nes1s at ventr1cu1ar ang1ography and f1ve had a pr1or myo—

’fcard1a1 1nfarct1on A11 had abnorma] St- segment depress1on on a mu1t1-“5
i istage treadm1]1 test wh1ch was term1nated by chest pa1n ' Two~pat1ents

3

fﬂ:;a;;were rece1v1ng antwhypertens1ve treatment A11 pat1ents were in s1nus

.,‘,, .

ffyirhythm, andrno pat1ent had s1gns or symptoms of 1eft ventr1cu]ar fa11~ B

@

fiu' ’ Two pat1ents had tr1p1e, seven- doub]e and f1ve s1ng]e coronarxli”"”°“'

wk*7fvesse1 obstruct1on (‘70A) "fij'f,fi '_:u*ﬂ?:xgi{fi*

A
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i E}(PERIMENTAL. DESTON

“as the second 1eve] pre TRN
o P.Rocﬁevugts |

A _';\.{‘Lteto.s,xage btcy‘cze 'mgome,te/t tot

©31
A]] were be1ng treated on . an out pattent bastsuand as vo]un- ‘

teers were ashed to part1c1pate in the study \Informed consent Append1x,

i,

.A) was obta1ned after the purpose of the study, test1ng man1p51at1ons to

'be performed and assoc1ated r1sl were fu11y explalned Patients wepe‘ w};
;'f ~also free to drop out of the study at any po1nt Last]y, a11 pat1ents'

mhad sedentary hab1ts, w1th the absence of 1ntense phys1ca1 act1v1ty dur- ,

'_-1ng the 1ast ten years

e

t

Hemodynam1c data were co]]ected dur1ng four spec1f1c cond1-.

‘-u:‘?t1ons before and after TRN dur1ng s1tt1ng rest, at an equ1va1ent sub—- L

P

B fymax1ma1 work]oad, at an equ1va1ent submax1ma1 HR and at symptom 11m1ted

‘ithgexerc1se (exert1ona1 angina or exhaust1on) }‘Before TRN the ‘two sub-v
Zh.maxwma1 1evels were arb1tna¥71y chosen accord1ng to the HR obta1ned from o
Ca prev1ous mu1t1 stage b1cyc]e ergometer test The f1rst and second o

'-1eve] of submax1ma1 exercwse were 1nd1v1dua11y adJusted to produce a HR -

of approx1mate1y 15 and 5: beats respect1ve1y be]ow the predeterm1ned

-'.”Tsymptom-11m1ted exerc1se HR After TRN the submax1ma1 ]eve]s were per—v-

fl'formed such that the f1rst work1oad was 1dent1ca1 to the second ]evdl

pre TRN The second worH1oad post TRN was chosen tofproduce the same HR d

i =iy o
*, .. -

P
/

'the HR and PRPjprovok1ng ang1na (symptom 11m1ted exerc1se capac1ty) or S

R

BRI

The ma1n purpose of th1s non 1nvas1ve test was to determ1ne I




""32

e

'1vexhaustion Th1s test was repeated in’ the m1ddTe and at. the end of TRN.

ot B PN e S b S 5 e el T

_It also served to” 1ndav1dua11y prescrtbe the TRN 1ntenswty on the b1cycTe

dometer
’ - ; ; S v Yol w . ‘, , . a

The test was' conducted on a. b1cyc1e erqometer (MonarP) - The f
7 workToad was 1n1t1a11y a@gusted at 225 kqm/man for two m1nutes after

rwh1ch 1t was, w1thout 1nterrupt1on, 1ncreased by 75 kqm/m1n every two' ,
‘m1nutes unt11 term1nat1on accord1nq to predeterm1ned 11m1t1nq symptoms.'

- For- each pat1ent th1s tes was aTways done twwce w1th a-15 min rest 1n~ﬂ.‘f S

':tervaT _ OnTy the second

one betno spec1f1ca11y use

»est was used 1n the data anaTys1s, the prev1ousix‘

) for fam111ar1zat70n (Appendtx B)

~-

The HR was contwnuousTy monttoreo by means of a d1q1ta1 tacho-»‘
oo J
meter (Exerc1se card1o tachometer Ou1nton Inst modeT 609) and w1th an
7osc1TToscope (Phys1o sent1ne1 Menneh Greatbatch Inc., modeT 808 005) o

| ffThe EKG was recorded on an eTectrocard1ograph (Sanborn 500 V1so—

t 4

"*ftardtette) us1ng a bwpoTar Tead FMS) and the arteriaT BP was determ1ned

‘ dlby auscuTtat1on dur1ng the Tast T.

sec of each m1nute and’ at the onset 3 iR

".':'.’fof:»chest;pa1.n___or. 1mmed1ate]y,lprec ding the cessation Q_f:@tse,f

Tanly .
PRI °

[ S !
LI

B) Hemodynam&c evaﬂuatton

w' .

‘@@)f Fam&ﬁ&aﬂ&7atton Aéudq /

e

A A i L LT e

The day before the catheterwzatton study, pre and post TRN “t ;et
'feach pat1ent performed two bouts of b1cycTe erqometer exerc15e for ap—-d"
-tfprox1mate1y 12 min- at the work 1nten51t1es prev1ous]y ment1oned Th1s

' fam111ar1zat1on served to determ1ne 1f the pat1ent coqu sustatn the

'tt'sub ang1na work]oads for up to 12 min..




| ) Cathetéméiationvstudy

The pat1ent was hosp1ta]1zed the night preced1ng the hemo— o

e e e A o o A et i S

dynam1c eva]uat1on Pat1ents were. stud1ed w1thout premed1cat1on in the,“ .

",morn1ng at 1east two hours after a- 11ght mea] The thermod11ut1on and ?fﬁjl\ld

l \

arter1a1 catheters were 1nserted with the pat1ent in the sup1ne pos1t10n

J“The j;;lspt was then\seated on. the b1cyc]e ergometer and the pos1t1on of

) s
the t rmod11ut1on catheter in the coronany s1nus was ver1f1ed by an X—

\

”7.ray 1mage amp11f1er \Rest1ng measurements were taken fo]1owed by the

: f1rsc submax1ma] exerctse per1od ‘A rest 1nterva1 of 15 m1n preceded R

,the second submax1ma1 exerc1se After the comp]et1on of the measure-

:ments at th1s work]oad tge 1ntens1ty was gradua]]y 1ncreased to, the -

thresho1d -of". anglna at W 1ch t1me a f1na1 ser1es of determ1nat1ons were “)

Hﬁ'naken- B |
T -

Procedures dur1ng s1tt1ng rest tk"fv*: - ?v"d' 'd o jf‘_‘

| N ca11brat1on for thermod11ut1on therm1stors and arter1a1
';‘;:Bp record1ngs _vhvb.ivxif}dd"f o *,.‘ | |

1; o 2.;~thermod11ut1on curve record1ngs w1th 51mu]taneous re; 'h_ Q-: :v_d'ig

.

'cord1ng of mean arter1a] BP (BPm) -

“3 ca11brat1on for arter1a1 and coronary sinus. pressures S

.- C . 3

*~'»4g BPm,'syst011c arter1a] (BPs) d%asto]1c arter1a1 (BPd)

‘pressure and mean coronary s1nus pressure (CSR)‘re4'
fwcord1ngs (25 and 100 mm/sec)
-5, .S1mu]taneous samp11ng of coronary s1nus and arter1a1

( »"fblood for analyses of pH P02, PCOg, LA hemog]obm (Hb)’»
'Vand hematocr1t (Ht)

Yoy 0
RU P




Procedure dur1ng exercise . o o lh:v o ‘ ‘l.' s
| The . same procedure was followed during exerc1se beg1nn1ng at L 3
the\f1fth minute. In addition dup11cate measurements were done in some
Jpat]ents dur1ng the fwrst workToad before TRN and dur1ng the second
'workTOad after TRN n order to caTcuTate the reproduc1b111ty of CSBF vr
determ1nat1ons In those cases, the second ser1es of measures was a. \"
'repet1t1on of steps one through four and was performed 1mmed1ate1y foT— “
'uTow1ng bTood samp11ng ( step 5). . “ -?T””T,( o
.'_LABORATORY_‘TECHNIQUES_‘ B

_.A) Cononany Atnua bﬁood 6£ow by Iheﬂmod&£u£t0n'. ‘_ o _ - E

rtr Iatnoductcon 05 cathet@ts
w1th the pat1ent in the sup]ne pos1t10n a superf1c1a] vein” “ o

Tocated in the antecub1ta1 area of the r1ght or Teft arm was d1ssected

Y

"after TocaT anesthe51a by 1nf1]trat1on of chTorhydrate of L1doca1ne ( %) .
_ A no ‘8F Ganz thermod11ut1on catheter (O 75 mm 1nterna] d1ameter)/was then‘

/7 o
._1nserted into the. coronary s1nus and 1mmed1ateTy connected to ‘the venous S
”transducer The t1p of the catheter was pos1t1oned 1n the coronary s1nus

us1ng an 1mage 1nten51f1er (P1cker X- ray, Pectron1c'"800”) The posi- T“a, f; 't?

.,t1on of the catheter was aga1n ver1f1ed w1th the pat1ent seated On the D - ..5

-

: ergometer pr1or to the rest1ng measurements The externa] therm1stor _.-‘d i

\was pTaced Just 1ns1de the coronary s1nus 1n order to 1nc1ude fTow from

e : e 7

-the poster1or 1nterventr1cu1ar vein and to avo1d contam1nat1on w1th
r1ght atrtaT bTood The ver1f1cat1on 1nvoTved the 1nJect10n of a con—
‘trast mater1a1 to out11ne the coronary 51nus Systemat1ca1]y the ca—"' A

/‘

' -theter posthOn was- checked pr1or to and dur1ng exerc1se




o gu1dew1re The catheter was, 1mmed1ate]y connected to the arter1a1

' - . . I"}w
v ST | ' o : P

A no. 18 Amplatz catheter (Becton D1ck1nson), was 1ntroduced

percutaneous]y 1n the r1ghﬁ\or’7eft brach1a1 arterv uS1ng a meta]]1c

1

; .trahsducer A muTt1Tead (112) EKG tracwng was récorded at reguTar in-

J.
£

o,

o

tervaTs and mon1torbd cont1nuous]y on. an osc1TToscope (Sanborn, modeT

) 769)

The catheters were f1rm1y fixed to the arm- of the pat1ent

and coVered w1th ster11e dress1ng In order to: prevent b]ood coaguTa—'

W

tion 1n the catheters the pressur1zed system, composed of a pressure

4

bag (fenwa]), was f111ed w1th hepar1n1zed (0.05 m1/100 mT).1soton1c .

;sa]1ne;~

S

i) Ihjeétion Ajatcm &econdtné " V.,I‘ t_ Co _ »‘7

The 1eadw1re cab]e fo7 both 1nterna1 and externa] therm1stors

fv of the thermod11ut1on catheter was connected to a preamp]1f1er (CA 105

W1Tton Webster cabs) wh1ch was Jo1ned to the Wheatstone 8r1dge (CB 204

/
{

W11ton Webster Labs) The output of dua] channeT wheatstone Br1dge was

recordEd by two DC coup]1ng amp11ﬁ1ers (Sanborn, 4500 ser1es recorder)'

: at a’ paper speed of TO mm/sec The thermod11ut1on catheter was con- ‘

*

nected to. two 20 mT syr1nges mounted on a doubTe act1on pump (Harvard

w1thdrawa1 1nfusxon pump model 907) filled with pre- cooTed 1soton1cf

~

sa11ne so]ut1on at’ 20 to 22°C " A few m] of soTut1on were 1ntroduced |
o 1nto the»catheter and a per1od of one m1nute was a]]owed for equ1T1bra- -

T tion of the br1dge ' After the base T1nes were estabT1shed for both

therm1stors a constant 1n3ect1on at 38 mT/m1n was begun The 1nJect10n‘

was stopped after a def1n1te pTateau was reached for both curves (~ 20

-seconds) wh1ch were s1mu1taneous]y v1sua11zed ‘on the osc1TToscope and k

SRS S

o
!
i
1
5




_recorded on photograbhiq,paper (Kodak, type 1801).

one: 1n decreas1ng stagE?

‘where

36

A

ALL) Themmod.ilution catheten calibrati o‘n

The therm1stors were pre-calibrated by estab]wshlng exper1—
menta]]y a curve with res1stance'(ohms) aga1nst temperature (9C). An
example of a typical curve is presented'in Appendix C. " The tip of the

catheter was submerged dn an 1soton1c serum solution which was COnt1n-

"uous1y st1rred in order to ma1hta1n a constant temperature The;tem-.

/

perature of;the solution was varied hy adding melted ice or warm §prum f

%

and was measured with a mercury thernometer (Sensitivity 1/50C) 'The

) measurements were done each O SOC from 20° C to 40 'C for the 1nterna1
‘therm1stor/and from 30 C to Z‘O C for the externa] therm1stor They

- were repeated tw1ce for_each therm1stor, one 1n 1ncreas1ng stages and

i) Cabeulations a."- .

The CSBF was determ1ned by the Ganz thermodw]ut1on tech-

S

emat1ca1 equat1on is:

~ (Fb). <sb'> (tb) (T —Tm) = (Fi) (1) (Ci) (Tm —Ti)
(heat lTost by bTood) \iheat:gained by-{njectate)’
Fb and.Fi : vo]umes (m]) of b]ood and 1nd1cator respect1ve1y

e part1c1pat1ng in- heat exchange dur1ng a def1n1te per1od

e

7

‘\nidue (51) Ihe pr1nc1p]e of the method is based on the assumpt1on that
~ the heat 1ost from the system between the s1te of 1n3ect10n and the s1te
"‘k;of detect1on s neg11g1b1e and therefore, that the heat lost by the “

E b1ood equa]s the heat ga1ned by the 1n3ectate A The correspond1ng math—‘v

T T TR
B L R

Vbt Ao b s

R E N R SR KR IO
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fb, Ti and Tm = temperatﬁre ér blood, injectate, and mixture
. . of b]ooq and injectate,(oc) | ’ -
Sb and Si = specific density of blood andainjectate respec-
tiVe]y (5/cm3)
Cb" and éi = specific hedt of blood and injectate respec't'ive“~
ly (ca1/9/°C). : | . -

For a. period of 60 Sec the formu]a is expressed as following:

S I O B
\Fb = Fi (§j_2L£;L) '(131;:;[1) _m1/m1n*” :

Sb X Cb Tb — Tm

The product (A) is cbnsidered coﬁStant such as:

SiXCiy .o
(Sb re) 08 | .
. ) . ! R ' .
. | It has been demOnstrated that a]though Cb varies with the

hematocr1t “this. approx1mat1on is adequate (45). | The finai formula‘for

computat1on of CSBF was:

| | - \Tb~ Tm_g_

v) Repnd&uc&b&@&tg_oﬁfmeaSuaemenib
o The reproducyp111ty of CSBF determ1nat1ons dur1ng the exer-.
‘c1se cond1t1ons was eva]uated by compar1ng paired determ1nat1ons at sub-

e . .

max1ma] exerc1se for a s1m11ar PRP (%1 X. ]O -3 un1ts) Ca]eu]at1ons a



! - According to Dahlberg (30)

38

1
showed a standard error of measurement (SEM)' of 13.6 ml for an erroc of

8.6% (Appendix D).

B) Blood pressures

Pressures from the brachial artery and-coronary‘sinus were

recorded on an optical recorder with two P23Db Statham transducers

(Statham Instruments Inc.). Pr1or to record1n%, the base lines for both
transducers were established immediately before the catheters were put
in communication w1th their respective transducer Arter1aL BPs, BPd,

BPm and CSP obtained by electrical integration were recorded over at

Jeast two respiratory cyc]es at paper speeds'of'25 and 100 mm/sec.

'Furfhermore"arteria1 BPm was'recorded-during CSBF measurement.

-

The zero reference point for pressure measuremént 1n the
s1tt1ng pos1t1on was adJusted to the fourth 1ntercosta1/space at the
sternal edge :(69). Before the first measurement a static calibration
of both transducers was obta1ned with -a merc ury manometer (Tr1m11ne,

PyMatt,vCorp.) SuCh that a pressure change of. 100 mmHg produced a de-

‘f1ecfionof.100 mm gn the reconds.

SEM

o
‘Eaere o ﬂ ‘ | . _
d = difference between first and second measures

n = nupber of paired measurements

, ‘' SEM X 100
error in% =% X1 + X2
‘ -

where : , S : :
Xy and X, = means of first and second measurements.
o : | o :

a4
i . .
Y . .
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C) Beqoqmganqggﬁpié

Analyses of arterial and coronary sinus bloog PH, P02, PCO,,
Hb, Ht and LA were carried out within one hour on samples withdrawn

?anaerobica1]y in heparinized syringes and stored Tmmediately in ice.

O pH, POz, PCo,

Analyses for pH, P02 and PC02 wefe done on a digital blood
gas analyzer (ABL],'Radiometer, Copenhagen). This apparatus determines
PH by a mfcro-méthod with the uti]izatidn of a g]aés electrode and a
Columel reference electrode (49). The PCO, and the/POg'are detérmined
| Ey means of a Sévéfinghaus electrode for €0y and a Clark e]eétrode‘fbr
02. "A complete ca]ibragion w3s éutomatica]]y ahd continuous]X fepeated
every two hours, This was done for pH by‘mean of two buffers aﬁ 6.84]
and 7;383 and for Pcozwfth.two references gés\at:§.61%’and 1];22% COp.

Comp]éte'ana]ysisfof‘each sample réduiredﬂO;S cc of blood.

SEM:  pH s,o.ooﬁ,-Pc02'= 0.45 mmHg, PO, = 3.12 mmHg for & percentage

error of 0.1%, 1.2%, 2.2, respectively (Appendix D).
i) Blood factates

Coronary: sinys and arterial LA determinations were made at

rest and during, each Jeve] of:exercjse. A semi-automated technique was ?
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(126).’ Then samples wern inmediately frozen at--20°C until anaiysis.
Bcfofe pach series of determinations for a patient, the Autof&ndiyzmr

was calibrated by mean of a standard solution of lactic acid'z0140 mg )
obtained from Sigma. This solution was diluted at various concentrations
'graéed'from 2 to 20 mg?% in order to estqblish a standard refarence curve,
With‘samples values over 20 mg% further dilution was made and appropri-
ated correction factor calculated. ODuplicate determinaﬁions taken at
resﬁ and at one level of exercise before TRN have shown the following

. . | , .
SEM: 0.067 at rest and O.31h at exercise for a percentage error.of 1.2%

.

for both conditions (Appendix D).

LLL)‘lHemogﬂobLn and -hematocrnit

The Hb was determined by means of 0.04 ml of blood mixed with
80 ml of Isoton (1;500). After 1 ml Qf this sclution was removed, six
drops of aﬁ'hemo1ytic agent:(ZAP-OGLOBIN) was diluted with this specimen.
The hemolytic agent converts the Hb td Cyanmethemoglobin ané the re-
sultihg color, proportional to Hb content was read on a.hemoglobinometér
(Coulter Eiectrohics Inc.) in gm%. The Ht was measured with a Coulter
Counter (model ZBI) éccording,t6 the Coulter princ{plg which 1s.based on
the determination of the number and size of b]god ce]is by electrical -

.gating (17).-

3 iv) PZaAmq caiech&ﬂam&nebi
| Artérfa1 p1a§mé catecholamines were measured on seven pa-
tients at sftting rest-and at an equivalent subma;ima1 workload pre and
pbst TRN. Conééntrations weﬁé-measuréd according to én adéptation of
the method of Co}Je and Henr} (29).whict’1s a quifitatién of the réé;o—
meter enzymétic assay technfque fo? tissue éafethp]amines. B]ood.sam:




ples for catecholamtnes were collected at the same time as the other
blood samples and immediately gentrifuced at ~200, 14,000 rom for 20
minutes. The plasma was trans ferred to another chilled tube.  Plauma
o S .
proteins wete precipitated and the plasma-acid mixture wis agitated on a
Vortex for 30 sec, then centrifuged and stored in a refrigerator until

assay.”

D) Calewlated values

Coronary sinu; and arterial blood oxygen content (CcsOp and
CaOz\respective1y) were ca]cb]atéd from hemoglobin concentration and
P02 using an oxyhemoglobin dissociation curve with correction for pH and
temperaturé according'to Severinghaus (120). The 'same normal oxygen
dissociation curve was assumed after TRN since Shappell et al. (121)
have shown that training does not cﬁange oxygen affinity of blood. MQOZ
was calculated as the product of CSBF and art-csOz difference. Coron&ry
vascular resistance (CVR) was calculated by dividing arterial BPm minus

CSP by CSBF.

Furthermore four indices ref]e&ting myocardial oxygen re-

’quirements or CSBF were computed: - PRP was calculated from brachial ar-

tery systolic¢ peak pressure time HR;(105).‘ Arterial BPc was measured as

_the average result of ten consecutjve Comp]exes at paper speeds of 25 mm/

-

sec.. Mean PRP (PRP) was calculated from BPm times HR. TP was calculated .

from brachial artery BPs times HR times SEP/beat (101). SEP was taken
\ .

2 These secondary data were obtained through a collabgrative study with
) o et
Drs. Jacques De Champlain and Daniel Cousineau, Department of Physiology,

;

University of Montreal,

i
|
H
!
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!
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.

from the onset of the pressore wave to the Incisura and was aweasured as

the averaqe result from five consecutive compleses 4t haper <poeds of

i st bt

100 mm/uec, - Lastly, TTD was calculated from brachial artery swan oystos
li¢ pressure times HR timuﬁ SEP/hﬂJt. Brachial artery sican systalic
pressure was measured by the average result of five contecutive tracings
of cystolic partiun'd? brachial artery pressure where areas were aylos

matically integrated. These data wore computed using 4 Hewlett-Packard

computer (model 983CA) with a diaitizer (model 9364A).
CONDITIONING PROCRAM

The patients lived at home and came to the gymnasium two to :
five days a’week for exercise training. During the first two wecks,
each patient was submitted to either two consccutive bouts of twelve

minutes of leg e?ﬁ(;ise or one bout pach of leg and arm exercises. There

was a five minute rest interval ba&wg
. T

2

Pghouts.  The leg exercise con-
o~ -

”

sisted of pedalling in the sitting jon on a bicycle ergometer. Arm

movement as leg exercise with

exercise (cranking) was the same type O

the patient seated and the center of the pedal revolution at the level
of the heart. Bicycle exercise was preferred since 1t allows a better

control of exercise intensity. Arm exercise was inserted in the TRN of

-

six patients in order to‘investigate a special problem not directly re-
lated to this study. The starting workloads were individually adjusted °
in relation to the patients exercise capacity. Thﬁs initial workload re-
presented appfoximate]y 70% of the maximal workload (legs: X=384 kgm/min; ,:é
arms: X=262-kgm/min* (Appendix E)}). After two weeks, the"trainiﬁg ses-

. p///,siong were extended with a period of adapted volleyball of ecual duration

(~ 25 minutes). The intensity of exdrcise was increased gradua]ly dur-




of work (Figure 1).°
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" ing the TRN in ah*atfémpt?to;maintainfeach'patfent}atua'subangina1‘Tevel

a o c o s

‘ujfg; ; h” ﬂThefintervai"between preVandlpbst TRN studies ranged from»16 B

to 26 weeks The attendance var1ed between two and three sess1ons per

/ ] Ho

‘week w1th an average of 2 6 sess1ons per week However one pat1ent RF

e @ ‘4,,

fc'd1scont1nued TRN for two weeks: as a11 other regu]ar act1v1ty due to a

yﬁfeva1uat1on Two pat1ents used sub11ngua1 n1trog]ycer1n before each TRN

‘1s7jf1nervous breakdownr_/He returned to tra1n for f1ve weeks before post TRN \

sess1on. When ang1na occurred dur1ng b1cyc1e exerc1se, sub11ngua1 ni-

1

- trog]ycer1n was g1ven ‘ A]though no need for emergency care was requwred

. “\ a4

| f'med1ca1 personne1 and spec1a1 equ1pment such as a def1br111ator were

?:.Jiready*for 1mmed1ate use. o n S ',x; t '_.rs-

P

o SJATfsTICAL;ANALVsts_"ﬂg‘,;_ e

Compar1sons between the three per1ods of test1ng for the

é

A'*‘fmu1t1 stage b1cyc1e ergometer data were done by a one- way ana1y51s of

o

'fvar1ance for repeated measures a]ong w1th a Newman Keu]s a poster1or1,

o

'j'test (138) ’ Summary tab]es of these analyses are presented in Append1x

’”i;lFl L -rt:' ":‘ - :,il e T j
In order to do compar1sons pre to post TRN at s1tt1ng rest

7

'at an’ equ1va1ent submax1ma1 work]oad at an equ1va1ent submax1ma1 HR

‘_and at max1mdm CSBF data were tabu]ated such as presented 1n Append1x

‘fe Students t- test for pa1red data were emp1oyed to ana]yze the dif=

;

a‘f;}ference between pre and post TRN for each exper1menta1 cond1t1on _The

r]

ame 1nferent1a] test was used tovana1yze dwfferences in some var1ab1es

"‘ 5 , '. (@};
between rest and max1mum exerc1se TWo pat1ents JL and RS wgﬁg ex—_"



L e—— : , . L7

' 800—- 'Ar'm"’e\" erCISe -.--‘-Q;._! : ~.  "',1.' 'M;

ol Leg @Xercise @ w0

T T IR

Trcu nlng (weeks)

IR N}
? ‘




Bt

45

;'c}uded*Fromfthose"ddmparisons‘for reasonsfdiscussed’be]ow.

F1na11y, a11 raw data obta1ned 1n the four’ cond1t1ons pre-
v1ous]y descr1bed, 1nc1ud1ng occas1ona1 dup11tate°measurements, were
stored on tape as’ shown in Append1x H W1th CSBF and MV02 as dependentlu
‘var1ab1es Pearson Product Moment corre]at1ons were computed w1th PRP,

/

- PRP HR arter1a1 BPs,_work]oad CVR TTI, and TP as dependent var1ab1es

bf"A11 computat1ons were done us1ng a Hew]ett Packard d1gﬁt1zer (mode1

'»9864A) dn conJunct1on w1th the mode] 9830A computer at the Montrea]

- Heart Inst1tute '_'u' ;1._ o 'ff'j. ; , 1.ff e%f“\);‘

- " ‘. T O - ‘e oo N V . ’ . N N .
o . . . . . . L .



C CHAPTER IV

RESULTS. e
EFFECT’OF’PHVSICAL TRATNING PROGRAMF‘

RE ” ' o S e
A Funct&onaﬁ exenc4ae capaettj - REERTN: S o

The max1m91 wora]oa% onaq}standardwzed mu1t1 stage bwcvcle

rﬂ'ergometer tes has shown an 1ncrement of 2 at the m1d TRN per1od and

'tja 39% 1ncrease for the overa11 per1od of TRN (Tab]e 2) ~The maJor aug— '

g "J

mentat1on was found in. the ear]y phase of TRN w;th a. s1gn1f1cant increase

:;5 o ) f/'of max1ma1 work1oad (p<0 01). from a mean value 6f 559+113 kgm/m1n to-
e "688+189 kgm/m1n at the m1d TRN period A tendency for a h1gher max1ma1

Ekﬁoad at the end of TRN was. noted but the d1fference was: not s1gn1f1—
ant compared to the m1d TRN per1od Changes were observed regard1ng the
~‘urat1on of the test w1th a 407 1ncrease at the m1d TRN per1od w1th no .
"»:further 1ncrement by the ‘end of TRN Concern1ng the hemodynam1c varwab]es
‘measured or ca]cu]ated TRN s1gn1f1cant1y (p<0 01) 1ncreased the max1mum ;
VPRP X 107 -3 by 22% from a mean 1n1t1a1 va1ue of 24 6+4 5 to 30 OTS 9 by g
" the end of TRN Thls max1mum PRP was almost ent1re1y due to a para11e1
.Lchange 1n max1ma] HR in presence of a‘s]1§ht tendency of max1ma1 arter1a1
'vBP to 1ncrease | The max1ma1 HR. 1ncreased by 12% from an_ 1n1t1a1 mean va]—_:w
ue of 130+15 beats/m1n compared to 145+15 beats/m1n at the end of TRN
'»bAlthough a. s1gn1f1cant 1ncrease was observed for max1mum PRP and HR these

changes occurred ma1n1y after the m1d TRN per1od whereas ‘the maJor change

-::\,5~Hn max1ma] work]oad took p1ace in the f1rst ha]f of the TRN.

'h§V45 ‘

e



w,

.cowpmwﬁ:um:m Aq uuc_e _pmw 34nssaud nooﬁa%u*_oum

=

R o _wApr::v_

(Bruw) -«

e T

o T so11035As gg
.,—.. o : IR DR

- .. .\ . .\\
676%0°0¢€ : 9°%%¢°92 K .
107 05d - A
- - A
1£7902 | $27961
‘ C SN
pLFEEL.

o

o L (uiw/syesq).

. 93RJ-JURIY

12276/

u  ELLT65S L - (urw/uby) -
Ny SN K - o IR PeO [ AOM:
3504 o aud , e
: Y 5N INTIVYL W S Cir=u
. . ﬁ, v

,ﬂ_mpmo_pwmk_xmumfomkuvwﬁuxu_m mmmpwywuwsz_pmswxmz_ ‘2 uhamhgw

#

.-

s «

-

g0l X ddd



48

Regard1ng bas1c anthropometr1c and respwratory measurements
done before and after TRN, no s1gn1f1cant changes were observcd for
we]ght, v1ta1 capac1ty,(VC) and' force: expwratory volume for 1 sec (FEV]f
(Table 3). TRN did not signjﬁ.c’.a.n‘tl‘.)'t_al_tep th{e:(suml of.—four fat skinfolds.

| \
B) . Tnatncng pnognam ‘

The 1ntens1ty of the workload prescr1bed dur1ng the TRN ses-
sions was adJusted so that the pat1ent was able to to]erate the exerc1se

vw1thoﬁt chest pa1n " The. mean va]ues for TRN work1oad dur1ng leg- exerc1se;

\

recorded each two weeks, a1most doub1ed by the end of TRN changlng frmn _
384+78\kgm/m1n to 600+109 kgm/m1n In add1t1on, 1t was ‘possible to in- -

terrupt proprano]o], in the six pat1ents us1ng it, by the end ‘of the s1x-

-

teenth week of TRN (A7 endwx‘D). o SR
_ ° » o REE

) | Hemodynamic study

v Patients werefevaluated betore and:after‘TRN3using~arteriat .
/andfcoronary sinUS catheterfzation-at sitting rest and at three dtfferent
f71evels of standard1zed b1cyc1e exerc1se 'at an eduiva]ent submaximal. ~

8 work]oad, at an equ1va1ent submax1ma1 HR and at symptom ]1m1ted exerc1se
‘°.21eve1 At s1tt1ng rest a s1gn1f1cant decrease (p<0 05) of HR was found
Tw1th a mean 1n1t1a1 va1ue of 78+9 beats/m1n dropp1ng to 70+5 beats/m1n at

" the. end of TRN3:(Tab]e 4). Except for,rest1ng-HR, mean,vaIues oT_a]] :
,,/‘ . ' - o e B : S
Two patwents RS and JL were: exc]uded from the pre and post compar1sons
hemodynam1c data due®to techn1ca] prob]ems exper1enced in the pos1t1on1ng
+ of the corOnary sinus catheter In .one pat1ent the catheter was cons1s-

v

tent]y expe]}ed from the coronary sinus at rest and. in another in whom

| f1uoroscopy in the upr1ght pos1t1on was not used prhor to TRN CSBF va]uesjdi o

'1 were presumed to be great card1ac vein before TRN and tota] 1eft ventr1c—'

"ular after TRN 'f;_{
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TABLE 3. Basic anthropometric and‘reépiratory.measures at fest pke (1)

and post-(fI) training.+

w

+ Values are mean tgstandéxd deviation

P s for”Student‘s't—test‘fdrvpairéd values

n o px
Weight (ko) ~ = - 12 © 68.0:8.0 68.07.0 NS
Ve (Titer) B 4.1:0.5 4.1:0.5 NS
*.FEV1‘(1itJr): | : 9 3.4:0.5  3.4:0.5 NS
FEVNCH®) 9 82.9£10.3  84.4x3.6 NS
T of 4 skinfolds (mm) SN 50.4:24.7 . 45.5:10.6 NS

Abbreyjatiohs:' VC = vital capacity; FEV]'= forced expiratory volume for

& 1 sec -

.

®

;
i
3
b4
i
i
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TABLE 4.‘ Mean coronary hemodynamics dath‘at'sitting réét pre (I) and.
. post (II) training. ' .
n =10 1 II ‘ _.P*
“HR (bqats/min) 789 " 7045 | | p<0.05
~ BPs (mmHg) 149219 139&17ﬂ S NS
BPd (mmHg) 86411 8410 s
BPm (mHg ) 2416 J07416 o NS
mean BPs (mmHg) "fisszlg__—-— T32¢19‘? L o NS
TSP (miHg) ) 3:3 - '/3i34:;i s
.. sep/beat (sec) 0.2540.02 0-2650.02 NS
- CSBF (M /min) 9525 00817 NS
o wMVoz (mi/min) 10,7443 l0.2:2.9 s
\ _ - art-csO, (m1/100 W) 11.04:1.77 11.18+1.62 s
| if\\\\.”QVR_KmmHg/(m1/min)) | 1.17:0.29 . 1182019 o NS
 PRP x 107 (units) a2l 03815 NS
PRP X 1073 (units) B.4:1.8, s s
15:&_1073 (units) 29.5:5,6’*f 25.7%3.9 NS
TTT X 1013 (units) 26.5:5.1 24.124.0 — N
- i} ~ + Values are‘mean + standard_dev{atiqn \

e : y

. : R .
*-P is for Student's . t-test for paired values

: Abbréviaﬂionéf' HR = heart ratey.BPs; BPd, BPm = brachial artery systo1ic,’ 

"diastolic, and mean pressure; CPS = mean coronary -sinus™

.2

. ‘pressure; SEP 5ysy5t01ic ejectidnfpefidd; CSBF‘Q'qoronary

v *?iggs b]ood;f1ow; MVO._z myocardial oxygen cohsu@ption; '

. 2
e - o arffcsozv? arterial coronary sinus oxyggﬁ?,contént¢differr
°'encé;”CVR'=-lcorohar"y resistance; PRP = mean'PRP.

ot




other variables were not significant]y different between pre and poét
TRN. Mean values for CSBF and MVO were 95£25 m]/m1n and 10 74,3 wl/
min respectively before TRN compared to 90£17 m1/m1n ahd 10.2+2.9 ml/

min after TRN.

A
\

At an equivalent submax1ma1 workload (X ~ 400 kgm/nin) CSBF

was significantly (p<0.05) 1ower after TRN dropping from a mean value of

163+36 ml/min to 13821 m1/m}n (Tab1e ). A]though MVO d1m1n|shed by
16%, t he dwfference was not s1gn1f1ca t (p<Q.10). Mean values for HR and
' arter1a1 BPm, BPs and BPd were all
1y re]ated to these results‘nere s/gn1f1cant decreases 1n PRP w1th TRN.
‘Ca1cu1ated from arter1a1 BPs and BPm respect1ve1y values were 22.1:3.8
(x 1073) to 17.8£3.7 (X 107 3y and 15.2£2.7 (x 1073) to 12.322.6 (x 1073).
hA]though SEP/beat was s1gn1f1cant1y (p<0. 05)lincreased the net‘effect on
TB and TTI was un1mportant SO thaf\these indices were also s1jn1f1cantlj
'”fower after TRN S1m11ar1y, mean values for arterial LA concentratwon
. (Table 6) decreased swgn1f13 ntly with TRN (26 7£10. 5 mg” fo 20. 3+13. 2
mg%). - /. T ~/

/
/s
/
s

At an equ1va1ent submax1ma1 HR (7'=114 beats/min) the meanh
-_value fdr work1oad was 1ncreased from, 344+92 kgm/m1n to 506+90 kgm/m1n
' v(Tab1e 7). Desp1te th1s 76% 1ncreas€ in work1oad for the same HR, a11 the
}coronary hemodynamxc measures, system1c pressures -and 1nd1ces of MVO2 were

'.essent1a11y the same. The only other significant deference at this exer-

cise condition was & h1gher mean value for arterial LA concentration»afte'r~

TRN compared to pre: TRN va1ue w1th 31, 4+16 mg% and 24.0%13.9 mg respec-
t1ve1y (Tab1e.6), As a result of the unchanged arter1a1 BP and SEP/beat

all 1nd1rect~1nd1ces were’ offsimj1ar values for pre and post TRN.

aghwfwcant]y 1oner after TRN. Direct—

0

e B
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Table 5. Mean coronary hemodynamic data at an equivalent submaximal

workload (hean ~ 400 kgm/min) pre (I) and post (II1) training

n=9 I 11 p*

- HR (beats/min) | 12014 10311 - p<0.01
BPs (mmHg) “' - 18025 | '168i3d p<0.05

~ BPd (mmHg): 8915 . 8316 . p<0.05
BPm (muHg) SR Hzeizo~ : 11921 p<0.05
mean BPs (mmHg) :T' 155130 H44t30 _. - : p<0.0]
C§?¢(mmHg) o f:t A Sté, 6+4 | ‘#‘ ' NS
SEP/beat (sec) - .;: £10.2320.02 - 0.25:0.03 <005
CSBF (m}/min)“ B 163236 138421 | ' p<0.05
Mvo,, (T1/min)' o ; . 20.1#5.2 ST XN P NS.
art-cs0, (m1100 m])" 12.31:2.02 12708163 NS
CVR (mmHg/(m1/m1n)) T 0.77:0.14  0.86:0.21 . NS
PRP X 10° (units) | 22.1:3.8 17.8:3.7 B U pe0.0l
'ﬁﬁ? X’1O -3 (unwts) : {5.Ztg;7_ o 12.3+2.6- | o 'p<OQO] Q
X103 (units) 89.9:10.7  45.9511.3 - p<0.01
TTI X 1072 (units)

° 44.0£10.7 - 39.4510.4 . .| p<0.0]

Symbdls and legend similar to Table 4.

tm=e, &

N
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TABLE 6. ‘Meaﬁ artefia] blood 1actatp\da£a+ and catecholamines concentra-
tions at sitting rest and various 1eye1s of exercise pré and
post traim’ng.(TRN)._ | 3
.- lactates (mg%) Vi | _catecho]amineS'(ng/m1) .
| .
n | pre-TRN | post-TRN | P pre-TRU |/ post-TRH | P
I# 9 5;9t1.7% 5.6£1.3 NS O.70ét0.243 0.746+0.129{ NS
[f {10 .| 26.7¢10.5| 20.3+13.2 [<0.01 1.501£0.451| 1.249:0.364|<0.01
11 | 8 | 24.0413.9| 31.4:16.8 |<0.05 - - |
v | 7 31.9:15.8 '5_.2.;4i31.9 NS - -

Values are mean : standard deviation

P is for Student's t-test for paired values

¥ I = sitting rést; I1 -“equiva1ent'éubmaxima1\workload; 111 = eqﬁivalént

submaximal heart rate; IV = maximum coronary sinus blood flow.

@
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TABLE 7. Mean coronary hemodynamic data at an equivalent submaximal

“heart rate (mean v 114 beats/min) pre (1) and post (11)

training.

px |

n=28 [ - I1
Workload (kgm/min) 344+92 - 506+90 p<0.01
BPs (mmHg) 173+28 176+31 NS
" BPd (mmHg) 86419 83:21 NS
BPm (mmHg) 12422 122123 NS
mean BPsl(mmHg) 15627 154:28 NS
SEP/beat (sec) 0.23£.03 0.24:0.03 NS
CSBF (m1/min) 156232 145:24 . NS
M\'/o2 (m1/min) 19.2:4.2 /18.7i3.7 NS
©art-cs0, (ml/100 1) 12.55:2.30 112.89+1.80 NS
- CYR (mmHg/(m1/min)) 0.7820.14 1 0.82:0.22 NS
PRP X 1073 (units) 19.942.6 - 20.3¢3.9 NS
PRP X 1073 (units) 14.122.3 13.912.6 NS
TP X 1073 (units) 45.2+9.1 49.0:12.7 NS
7L X 1073 (units) 40.7+8.9 43.0:11.3 NS
Symbols and 1égendrsimi1ar to Table 4,




Pre and post TRN camparisons at the wacimum Tevel 6f exercide
dane at the onset of angina or faticue, Mean yalues for madimal HR,
CSBF, MQOQ, PRP, TP and TT! tended to be higher pﬂ;t TRM but the Jdif-
ferences were not signjficant. C The maximum workload was signiticant-
1y augmented from an initial mean value of 5054101 kgm/min to a post
TRN mean valhe of 705£170 kgm/min (Table 8). Although work nid NG
greatly increased, maxiMum arterial LA concentration wan not siqnifiQ
cantly higher (p<0.10) after TRN with a post TRN mean value of £4.8:25

mg¥% compared to 31.3%13.5 mg¥ at the pre TRN,gva1uation. Howaver (5P

was significantly higher after TRN.

Catecholamine levels were obtained in certaiﬁ patients at sit- %
ting rest and at an equivalent submaximal workload (Table 6). At rest V
similar mean values were observed at pre aﬁd.post TRN evaluation. How-
ever the catecholamine level afterkTRN (1.249+0.364 ng/ml) was signifi-
cantly.lower than pre TRN value (1.501:0.451 ng/ml) for a given submaxéma]

.

workload.

“

by 132%, CSBF by 108%, art csO difference by 1

(Figure 2).

of CVR of 80%. After TRN, changes in the same. d rect1o_ﬁu

*,

o : ﬁ
vmaqn1tude were found for MVOZ, CSBF and art-csQ, difference

centage change of 148%, 127% and 17m;respect1ve1y. Regard1n HR %.

%‘z
nigicantly (p<0.05) greéter increment was found after TRN (1§?%3
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e TABLE 8.

post (II) tra1n1n .

Mean coronary hem'dynam1c dat? at may1ma1/éSBF pre énd

o

57

CE83
a . B

CSBF (m]/m1n)

Mvo2 (m1/m1n7

. ;
o CVR (mmHg/(m]/m1n))

PRE X 1073 (unpts)

-3

PRP X 107 (un1ts)

ﬂTP X 10 -3 (un1ts)

3

ﬂT XTO (umts)

sec) #;"f

art csO2 (m]/]OO m1)E

| 1]_\350ji10j‘\’
, 'f1d“m3@17

- 11 0. 67+O ]47“.f5- o
L 8 24 5+4 5

S 11 16 7+3 3
o 8.-5m;9£7.9~

A48 44.9:6,2
: 1

8'ﬁ3 10+1'89 :f{iﬁ'

'q795%170'4;;‘3;‘p<0.0j/\i

21 ’ NS/

“l.]dlf' v NS/
C o ldakai S éx B

Coou

‘ Symbb1s\énd*]egehd‘

/.

similar to TabJé 4.




’”“PcsO was not d1fferent before TRN between rest

\.LThe same resu]t was observed after TRN 'Interg

:,*were observed for CcsO2 and ScsO2 after TRN Arter1a1 and coronary S1Tus\

‘ 'd1fference was found o be not s1gn1f1cant Hb was s1m11ar at rest and

at max1mum CSBF befora

MeA'suzzesf OF RELA%ION’ HIP

fzhrest data (r 0L82 and r =0. 90 respect1ve]y) o 'ﬁ/- a

' u,n,were found before TRN for PRP PRP and’ CVR w1th r O 78, r = O 71 and

-

13 L .

e . : . ’ 6 ol
. . R N :
. Sy . ‘
1]

Pre TRN arter1a1 oxygen content (CaOZ), arter1a??oxygen satu—

o

_rat1on (SaO ) and Pa02) were not s1gn1f1cant]y d1fferent at maximum CSBF _t
L compared to mean rest1ng va]ues (Tab1es 9 and ]O) However after TRN

a]though PaO2 and SaO2 d1d not changed CaO2 was s]wght1y h1gher (p>O 05)

|

ffhg
.y coronaryrs1nus

‘;oxygen content (CcsOZ) and coronary $inus oxygen saturat1on (Scst) were
cs1gn1f1cant1y decreased At pre- TRH eva]uatwn,;CcsO2 dropped\from mean
- rest1ng va]ue of 8 1 4 m]/1OO m] to 6. 8+1 @ m1/100 ml at max1mum CSBF

‘and ScsO2 from 41 7%7. 1” to 33 2+7 7% _ S1m11ar swgn1f1cant decreasesk

T-”pH were found to be s1gn1f1cant1y 1ower at max1mum CSBF compared to rest§

—

at pre and post TRN w1th the except1on of arter1a1 pH before TRN where the

as. we11 as after TRN

The Pear on product moment corre]at1on coeff1c1ent for CSBF

‘;,y and MVO2 w1th hemod nam1c var1ab1es and 1nd1ces were ca]éu]ated before e
and after TRN Re ress1on equat1ons and coeff1c1ents were computed for \;‘:g
o ;
| alt data and for e erc1se data On]y (Tab]e 1], ]2 ]3) H1gh corre]a-

.¢»t1on coeff1c1ents were observed between CSBF/and MVO2 pre and post "TRN -

cons1der1ng a]] déta r«— 0. 88 and r = O 95 respect1ve1y) and w1thout

b

Regard1ng correlat1ons w1th CSBF the h1ghest coeff1c1ents

S h

r¢»,51mum CSBF va]ues '} o




' TABLE-9.

1'Pa021(mmHg)

FONTRE

Meanab]ood datal changes from s1tt1ng rest to max imum CSBF

before tra1n1ng : IR -aﬁfi“'

T

S
4 .‘:.

rest |  maximun CSBF .. - pr

CaO (m]/]OO m])
' .'V_CcsO2 (m]/]OO ml)
- Ses0, (%),

 Pes0y: (mtg)
poaf<gm$) x
5 Hbes (gms)
_u}acoz.(mmﬂés
“PosCOZg(mmHéj'.j P
PHaf(unitg)o;i S

pﬂcé (dnfts)ng;j ;;;

19.651.0 20.0:1.0.0 s

:8.5:1.4 I 6.8:1.4 p<ofo1

97.151.4 9§;3i];4[15 s
AT sy peolol

100sm1 T esez ",Af‘Ns' .

2882 ppa3”

/\

1493008 . 15.2:0.7 NS .
"]4?9£df91,- H ' |
304 Lo ff_132f2f,,r o ; NS

7 44+o.05 SRV -7;38¢0i04‘:‘ s
7. 40+o.d4;.,4 ‘ /

-3

+ Va]ues are mean-*standard dev1at1on

Abbrev1at1ons

~in brach1a1 artery and coronary s1nus, PaO

2

z\‘

s N p (‘;"‘; i o B
- * Pis for the Student s t test for pa1red va]ues RO L SR

?_{n.§f3);f,:.’

.’ .'
s : e

6;:‘CCSOZ - concentratwon of oxygen 1n brach1é¥ artery
IE

and coronary s1nus, Sa02, ScsO2 = saturat1on in oxygen

PcsOZ, PaC(l2

2’

F.ZLPcsCOZ'fpart1a] pressure for oxygen and carbone oxyde in
S brach1a1 artery and coronary s1nus, Hba Hbcs hemog]oé1n :'a”j_

’fﬁ1n brach1a1 artery and coronary s1nus

i i RS o ke 7 e 17

15.2:0.7 NS &
jf; 39¢73M ”:}i n-f‘.” 4714n'f - p<0.05 .

7.32:0.03 - ploz

S Sesd
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Qtifpﬁbs (unit) &
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T

,TABLE‘TO.(,Mean'b1ood dataf:change$<fr6m sitting rest to maximum CSBF

i

 after training.

e .
. 1 ‘ g P
n =]9 o S _rest

. max imum CSBF 

p*

\\Ga@z (m]/'lOO m‘]) - | 18.8+1.,0

‘1  CcsOZV(m1/JdO mi) o f7;6:1.2 o
Sa0, (#) . 96.410.8
Ses0, (%) 38.946.4

" Pad, (mnHg) . i 92:8
s PcsO2 (mmHg) ':fl”  - 2516

Hba‘(gms) g 7*;T;A",_1_114:6:o;7 E

Hbes (gms) T 14408

© PaCO, (mmHg) . 3453

2‘(2mHg) ,, G e
. R C REEATR ; L
- PHa (unit) o 7.43:0.03

PecsCO

7.40:0.03

19.2:0.

5.811.

96.11.

29.3%6.

o o

" 93:8

2123
14.8:0.

14.7:0.

3042

©7.37%0.
7.3040.

p<0.05-
p<0.05
NS

NS
s

:NS a ;

- p<0.02:

NS

<001

v
‘p&b.OZ,i%
p<0.01 -

|
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Tab1e 1A Corre]af1ons (r) and regress1on coeff1c1ents of CSBF w1th
‘ . 'y

v “; several var1ab1es pre 91) and jpost (I1) tra1n1ng (a]] data)

O o

- QVérié;]es AN SR 11

'&- B -rt ”‘n slope . intercept r ‘(h : s]ope intercept

Y . i o

Mo,  ..88 . 65 6.263 36.202 | .95 51, 6.967  19.253

. M\\' ' . ) a o : '
CPRPY .71 73 9.404 - 27.125 .72 49 7.830-  45.382

" pRPT .78 67 - 7.258  14.075

o~y
N

43 504 50,909
W »'p%§\,é4 | 732»~{\468 . 8620 | .83 0 Tzt -7.279.
e '1f?;§1; _‘6Z¢f3.105: ' 35990 | .53 s 2.0  64.519
e ‘  ff67 6" 2.775 . _3T.14é = ;59, 48 ;1,587M '.:‘59.206"
e i ﬂ§72 TR TR 5.742 B f88‘ '4§ Sliose ’€;8}31 |

-

WOrk1oad AAAAA 27c 61 >f;999 ©129.801 © ['.64 40 . .158  78.501
- T (N TN BT PR
BPs . ; .60 67 -1.063  ~-26.053 ~ | .35 49  .529 . ©58.941

St 4&'*ur TR ST
) ks ’ N . o "v' .

w i N .
Cathe . - o~

”r * 1og 10° of CSBF b ' :
t-all corre]at1on va]ues s1gn1f1cant1y different from zero (p<0 05)

Abbrev1at1ons | MVO2 myocard1a1 oxygen consumptwon PR mean PRP

gf': ] CVR coronary vascu]ar res1stance, BPs = brachia1

iﬁ arter1a1 systo11c b]ood pressure
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Tab]é 12. ;Corre1at16ns,(r) and regression coefficients of CSBF w¥¢h
| : severalvvarjab1es'pre (I) and post (II)‘training (without
e “resﬁ,data).
4 | '
~ Variables R S - 11 J
L ot n slope . intercept r.on slope intercept
WO, .82 53 6.015 42171 | .90 36 6.700  23.132
PRP. .62 . 61 8.899 °  -35.671 .50 40 5.350 79.064
PRP .73 55 7.501  8.358 | .54 4o ~ 4.255 69.752
S - N e -
HR .52 61, 1.465 . :7.754 | .74 40 7,406 -7.789
o - Y E .
. - TTI .49 .55 2.541  62.825 .| .24% 39 1.031 .116.384
RIR L . - . ) 5 ’ . . . ' ’ ' ' ‘ ‘
TPO . .59 85 2710 |  39.605 | .31 39 1.193 1102.471. .
L OR* 77 61 -1.255  6.027 | .78 40 -0.925 5.760
. BPs .53 55 883 12.847 | .08# 40 .113  141.682
. Symbols and Tegend similar to Table 11.
£ (NS (p>0.05) )
3 . 7
¢ : N 3
CEn
o .




;Tab]é 13. Correlations (r) and regression coefficients of MVO

63

i
1,

5 with
| severa1‘vari§b1es pre (I} and post (Ii) training (a]i data).
S |
B T
Variables I 11
rt ° n  slope  intercept r- - n.  slope  intercept
PRP 69 65 .222 2.330. 26 45 1.144 3.210
JPRP T .71 62 865 1.8693 .73 45 716 4.882
HR .52 65  .160  1.255 . 84! 45 306 = -3.983
TIT .63 62 .395 3.436 54 44 292 .6.923
TP 65 60 336  3.614 .58 44 .270  6.4506
CVR* .48 73 -1.341 . 4.157 - .60 . 49 -1.394 " 4.1689
Workload .12 53 .0064 - 18.560 N .72 .36  .027 . . 6.832
BPS .58 54  .1320  -4.458 B9 37 011 16.276 v
Symbols and legend similar to Table 11.
-7 (Ns (p>0.05)) . ,
ST 5
o o : ta g
Sl | F
% ‘\ | \ : s o '
S R PN | '
: S B L -
(I REPIR
. - :{.‘ T :r%ﬁ .
e




r=20.72 respective]& (Table 11).\ A similar pattern was observed when
rest data were exc]uded a]though rtspect1ve coeff1c1ents were somewhat
1ower (Tab]e 12) After TRN, h1gh4'.horre1at1on coefficients were also
found w1th§ghe three prev1ous]y mentioned parameters us1ng both, all data
and w1thout rest data cond1t1ons However a consxderab]e'd1fference was .
observed for the correlation coeff1c1ents with HR before and after TRN.

' After TRN, in both these cond1t10ns coeff1c1ents were r = 0.83 and r -,
- 0.74 respectwve]y On the other hand the correspond1ng coefficients
before TRN were r = 0.64 and r=0. 52 Furthermore 1t was observed that
the indices which include the SEP/beat were poorer correlates of (SBF.

As a genera] rule, corre]at1on coefficients between MVO2 with the same

l

',parameters and 1nd1ces as those USed ‘with CSBF qave resu1ts in similar

[}

vd1rect10n but of Tower maqn1tude (Tab]e 13).




CHAPTER V |

DISCUSSION

The thermodilution method 1s"particu1ar1y suited to ‘the
measurement of‘CSBF during exercise. A single determjnattontcan be ob-
tained in one or two minutes permitting the evaluation of.CSBF prior to.
and at the onset of angina pectoris with a minimum of risk'and discom-
fort‘to thevpatient The rap1d1ty of measurement and the determ1nat1on
of abso]ute left ventr1cu1ar coronary b]ood flow overcome the maJor dis-
advantages of the 1nert gas techn1ques where re]at1ve1y long per1ods of
‘saturation or desaturat1on are necessary and where reg1ona1 d1fferences
in flow per unit weight, such as'1n patlents w1th coronary artery ste-

nosis, tend to g1ve overestimates, of CBF (83). ) i '

*

However, of maJor concern in the ut111zat1on of the thermo—
d11ut1on method 1s the pos1t1on of the catheter in the coronary 'sinusy
since th1s w111 determ1ne the port1on of left ventr1cu1ar coronary flow
‘wh1ch is measured (83 51) For exerc1se stud1es in the sup1ne position
Bah}er‘and Macleod (8) advanced the catheter and measured great card1ac
‘vein blood t]ow'ﬁn pat1ents with severe;obstruct1ons_of:the 1eft anterior:
‘descending artery. Bertrand et a].’(9) reported that the thermodilution
catheter pos1t1on was extreme]y stable dur1ng re]at1ve]y 1ntense sup1ne %&5&
exerc1se 1n norma] subJects when the externa1 thermlstor wag p]aced at :" |
the proxima] portion of the coronary sinus as described by Ganz (51)

‘The latter pos1t1on was adopted for the present study Accordxgg to

Ganz (51), in norma] hearts about two-thirds of - the total coré% ﬁy sinus_
‘ b &

.wl

rom the

flow drain through the great. card1ac vein and one third comesg

65 R
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posterﬁor wall. Furtherhore, the coronary sinus drains almost. oxclusive-
1y‘the left ventr1cu1ar and the 1ntraventr|cu1ar septal myocard1um In

fact, it has been found that only 17% of the small Ve1ns dra1n1ng into

\

the coronary sinus arise outs1de the 1eft ventricular system (70).

\
P
ey

R The reprodwcibi11ty of repeat determination of CSBF on the.

same day during supine rest is appro<1mate1y 5% (28, 51). No signifi-

,\

| cant d1fference was found in resting CSBF values obta1ned when coronary

. sinus catheter1zat1on was repeated w1th1n a one week period (125). In

\

" the present study dup11cate determ1nat1Qns of CSBF were performed on
various pat1ents dur1ng the same. exerctse period when the PRP was con-

stant (i.e. w1th1n 19 X 10 unlts) The reproduc1b111ty of dup11cate

/ .
determ1nat1ons was 13 6 ml/min or 8. 6”\of the mean. There was no d1f—

ference between the mean of the f1rst and second determ1nat1ons (158
and 157 m]/m1n) When the data for the f1rst two exercise 1evels of

3 Jorgensen. et al. (73) were ca1cu1ated using the same formu]a the CSBF
) \ /
reproduc1b111ty of tne n1trous 0x1de method was comparable (11%).
. o . . ‘ ‘ . * % .

‘ Throughout the exper1menta1 procedure we found that the-
catheter could change pos1t1on in some patients. It was often necessary
to verify the catheter pos1t1on by f]uoroscopy prior to each exerc1se

"~ workload. It 1s poss1b1e that the catheter pos1t1on could have varied -

\ .
dur1ng exercise 1n some patients before and after TRN, however, the Tack

’ &
i of s1gn1f1cant difference in CSBF during- s1tt1ng rest and during exer-
'cise‘at the same HR and PRP witthRN suggest that this was not the case

‘o any great extent. , a

Since the thermodilution method measures absolute coronary

flow from the left vertricle and not flow per. unit weight .of heart
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muscle, it is difficult to compare va]ucs w1th those obtained by 1nert
gas techniques. Our mean CSBF values at rest in the upr1ght position

(90 to 95 ml1/min) are lower than those reported for the supine position
by Ganz et al, (51) (128 m]/min) and Soliagnac et al. (125) (117 m]/min)
for CAD patients uUsing the thermodilution method ittis possib]e that
there is a pos1tlona1 difference 1n CSBF since ventr1cu1ar volume would
be smaller in. the upright pos1t1on (73) thus reducwng MVOg and CBF
Kitamura et al. (41) postulated this d1fferenee when comparing their data
obtained in the upright position to that of Ho]mberg et al. (68) for the

o

supine position. . ’ /
. /

‘Several studies (28 51, 68) have‘fa%]ed to show any signif- |
icant difference in resL1ng CBF between CAD pat1ents and normals.
: K]ocke (83) attributes th1s to the afforement1oned methodological weak- -
nesses of the inert gas techniques and to the fact that the thermodilu-
‘tionktechnique Which,.by measuring'ebso1ute f]ow, does not take, intc
account an increased myocétdia} mass ofiten present in CAD patients. 16
“heavy supine exercise Honberg et al. (68) using the Xenon;133 e1earance'
technique demonstrated smaller increases in_coronary flow in patients
with signifjcant coronafy obstructions (220%) as’compared to those
without obstruction (270%). Bertrand et a].A(9)'measQred CSBF increases
averaging 440% over resting therquiietibn va]ues with intense supiee\
exercise in normal subjects Endeitamera et al. (82) reported -an 1ncrease‘ 5
of 331% in n1trous oxide determ1ned coronary flow dur1ng submaximal up-
right exercise in young norma] subJects Our pat1ents w1th angina pec»

|

toris were only ab]e to doub]e CSBF dur1ng upright exercise.
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In‘normal subjects 1ncrement of coronary hlood flow has heen
found to contribute almost exclusively for the augmentation of M\?O2 when
exercise intensities ranged between one to three times the epergy re-
quired at rest (88, ¥0, 104). At much higher exercise intenéities, con-
trasting results have been reported. Some (82, 95) have found a signif-
jcant w1den1ng of art- -cs0y difference and others (9, 68, 90) have4re—
ported similar values for art-cs02 d1fference between their resting and
exercise values. However; in patienté with CAD, it has been a general
f1nd1ng that art-cs0Oo difference cxh1b1ted a S1gn1f1cant1y gréater in-
crease dur1ng mild and/or severe exercise compared to the resting con-
dicion (68, 90). In our subjects, a great variation in resting values
. Was observé% between subjects confirming a.characteristic'that has been
,»noted by a]]iinvestdgators whovcalculaced the art-cs0y difrerence (55,
62, 82, 88, 90, 104) ‘From sftting-resf to maximum exercise level be—
fore and after TRN the art-cs0O; d1fference was s1gn1f1cant1/ increased
by 19 and 17% respective]y. Doll and Keu] (35) dn discussing reasons
for a widened art-cstodifference at ekercise in CAD pétients believe
that such adaptat1on is brought about by an increase in hemog]obin'and
‘ by a fa]] in blood pH dh1ch shifted to the r1ght the oxygen d1ssoc1at1on
curve. Although our hemog]ob1n values tended to be 511ght1y higher dur-
ing exerc1se,.the d1fferences were not s1gn1f1cant However,rthe pre-
sence of similar PcsQp between rest and md;1mum exerc1se before and af-
ter TRN associated with a s1gn1f1cant decrease of ScsOp in both cond1— .
tions, could we]] be due at least part1a11y to d1sp1acement of oxygen
d1ssoc1at1on curve. It is also p0551b1e that w1th severe- exerc1se, re-

d1str1but1on of 2.3- d1phosphog]ycerate has changed so that the affinity

of hemoglobin for oxygen is decreased a]]ow1ng more, oxygen to be deliv-
. . A ,@eg

SRR

o S b
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s1ng oxygen extraction during exercise observed in cAp patidntsvysgmb~ .

» L 4 Ty
normal.  That such a result has not been aenerally observed.in normal ™

Subiects during severe exercise is presently suquestive tha't this com-

'pensatory mechanism js closely re]ated“to‘CAD. 4
_ '3

Thoumajor purpose of this investigation Was to determine if
the incredsed exercise tolérance of patients with angina pectoris after
TRN cod]d be explained on the basis of 1) decreased CBF requirement at
any given workload énd/or 2? an increqse in CBF at the onset of angina,
Significant increases of 38 in maximal work]oad‘on non-invasive tests

~and during the catheterization study are simi]ar to those preVious]y

reportéd and attest to the effect of the training program (124).

b The evidence obtained for peripheral modifications is that
MVOZ and CSBF has been postulated to consistently decrease at a given
workload after TRN as a result of lower HR and arterial BP and 1ower.-
calculated ind1réct;indices incorporjng some of major factors deter-
mining MVOQ such és PRP; TP, and TTI (19, 24, 81, 135).1 The theorical

basis that HR and the product of HR and arterial BP with the éddition

in some cases of SEP/beat are closely related to MVOZ, hasibeen verified

in normal Subjects during upright and supine dynamic exercise and in

CAD patients in'supine exercise. CBF and MVOQ meégured from the nitrous

oxide saturatioq method have been found to correlate well with PRP (r =

0-87 and r = 0.90), PRP (r = 0.89 ang r=.0.90), TTI (r = 0,83 and r =

0.77) and HR alone (r = 0.82 and r = 0.88) in ten norma] young subjects

i

doing upr%ghf;bicyc};,exercisé at‘intensit%es corresponding to 53, 74

~and 87% of the mean/measured maximal HR (82).- Invsimi]ar subjects,

;”“M§W*- o vl T
el 50
R s S0 i 49
f ) N " g Ly o :
,,%“,.’f‘b}a I

R . . . o "‘J’,'J" LA R
ered at a given Pes0p (95). More data are needed to dvm#dc\if ngwea.

L4
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ot al, (9), using the tharmodilution method for meacuring CSH
- TER o , o N .

and MWL, tound & coefficient of correlation of U.i7 rorigg and 0,73 ter
W ¥

ITL with CSBF during meas urutvn?, mads o supine position from pest

through exhaustion, Similar Qbrrc]dtiun values were faund with MO,
: vy 4
& -

In additioﬁ, Nelson et al. (95), ¢omhining data ebtained in normal young
subjoctf dur\ng dynamic . upr1qht exercise with and without pruprdne)ol
during LOmbindtqu of %it)u dnd dynumte work, and durlnq Static work
a]qne, have gpund that PRP.correlated best with MVO2 (r = 0.36 and ro=
0.88). These data were obtained from exercise in the ﬁupine position
frd@ rest through to near maximal workloads. Gobel et al. (53)»hdve
foudd a sﬂnilar result  with supide exercise between MQOé and PRP (=
0.86)\in a group of CAD patientﬁ. Our results regarding measures of
rela:?Lnship between CSBF and’HQOZ with the hemodynamic variablec just
mentioned are in gg?eement in that variables where SEP/beat are excluded

w

give be; cer corre]aﬁlon« oeff1c1ents than those including this para-
N :nﬁ.

meté The corre&at.onﬁ are similar when the patients are exerc13\ng in

;; tre upr*ght ppsftlon before and after TRN. These results are in accord

ps

w1th our present know]edge of HVO2 in that malntenance of tension is a

re]at1ve1y 1n51gn1f1cant factor as %1scussed by-Kitamura et al. (8”)

o ’ (

,w1th exerc1se tﬂe HR increases but the SEP/beat decreases as in inverse

ﬂlnear functfon of HR Ca]cu}ated mean differences for SEP/beat between

x v

s1tt1ng re§t and max1ma1 exercfse have shown 19 and 18% decreases in

SEP/beat before and after TRN respect1ve1/

j‘.i‘\ 4 [

Howeven, at was round that HR was not correlated better with
\ X

'csksrf(r < 0 64) than TTL (r = 0.61) and TP (0.67) before TRN: Th1s

f1nd1ng 15 d1rferent than prev1ous]y reported in normal subJects as

_we]] as 1n CAD pat1ents However, after TRN, HRVhad a higher correla-
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t1on coeff1c1ent w1th CSBF ( 0 83) than ﬁf— (r O 72) and P&P (

//
e
O 72). Inverse1y arter1a1 BPs corre]ates better w1th CSBF-{r O,GQ)

before‘IRN than after TRN (r. 0 35) o - ) w"t 4 §,n

AT . _(».

-,
AN

\ e ';.v‘:";'ih : %hat our pat1ents were more severe]y d1sab1ed than those of ”;‘ o
R SR A 2 , 1 . o

Ho1mberg et a1 (68) can be 1nferred Trom arter1ography and c11n1ca1

'symptoms and thts m1ght be one. reason exp1a1n1ng our 1OWer coeff1c1ent'

o o‘ ’ . R

of corre]atwon for 'HR befgre TRN. It 15 ev1dent that arter1a1 BPs was."

ol e o o }

f as 1mportant a corre]ate as HR before TRN and that after TRN the re- Q e
"’verse otcdhred The range HR was’ greater afteh TRN and th1s eou]d have‘“

| contrlbuted to the 1mprovement 1n the coeff1c1ent of corre]at1on . A';liﬁ»f

s1gn1f1cant d1fference was obta1ned between pre and post TRN W]Lh a 67 ;':5"

g Ajvl changeffor HR before TRN and 103% chanqe after TRV In the presence oflﬂ ' fﬁﬁ
: T e e R ’ .-'.‘- o
S a such d1fference between the coeff1p1ent of corre]at}on of HR w1th S

CSBF before and after TRN, Lnd en the other hand consnder1ng the re-

1§li7d;"ﬂn produc1b111ty of corre]at1oA coeff1c1entsgwhen PRP. was used, 1t appears‘i

9,

1mportant that 1nd1ces 1nc1ud1nq both HR and arter1a1 BP be emp]oyed

to est1mate changes 1n CSB ‘or MVO2 ‘ 71 and TP corre]ated poor:y w1th

\.'HA~CSBF and M\TO2 both before ;nd after TRN In the 11ght of our data 1t

o :v..j".. s \ \ RRan

?”?ﬁf‘;jt ji ’can be dnterpreted as d1rect and phoportwona] changes in CSBF of MVO2 Jij;‘“

¥

wh1ch are 1ndependent_of_a tra1n1nq effegt ’}Qgg;-ﬁﬁlﬁn - .15_,f5 _LR;;
‘; ‘bh.; ‘¢~M517;fﬁu.:,*].‘**”': P u&f;xgh:“7j SO : .‘;
' ';:When mean va?ues for CSBF fﬁ? the var1ous exper1menta1 con—'&

/,»9;. A S

.'d1t1ons before and after TRN are p1otted aqadnst work]oad (f1qure 3a)

"wer after"TRN )att 400 kgm/mm but'
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: ,reTated to HR va]ue as weTT as before than. after T%N (93) R if

i ‘arter1es as ref]ected by the Tower HR, arter1a1 BP and

-‘»1nd1rect 1nd1ces such as PRP PRP TTI and TP The 17

7

e
EEN)
w

the p11mary expTanat1on for. the 1ncreased exercise toTerance 1n these
pati nts is a reduced CBF requ1rement for a workToad wh1ch Proddced an-
.g1na before TRN VaTues for CVR; 0.82 mmHg/(mT/m1n) Vs O 67 mmHg/(mT/

m1n) for pre and post TRN respect1ve1y, woqu aTso indicate that a vaso# d'

'd11atory reserve 1s st111 ava11ab1e at th1s workToad post tra1n1n ‘ As

e

the’ workToad was 1ncreased to approx1mate1y 700 kgm/m1n CVR cont1nued

i

to décrease and CSBF 1ncrease to vaTues not s1gn1f1cant1y d1fferent from =

those at the pre-tra1n1ng ang1na threshon . The reduct1on 1n CSBF and

_-myocardIa] oxygen consumptlon for a g1ven workload with tra1n1ng are .

related to decreases in adrenerg1c st1mu1at10n to the -heart and system1c E

hen ca]cu]ated

nd1ng that arter1aT :

1

BP 1s decreased after TRN at s1W1Tar workToad has aTready been reported

- 1 S

l'1n stud1es done w1th CAD pat1ents (T9 24, 33) However, at a g1ven HR |

;before and after TRN, no d1fference was observed(@n arter1a1 BP Th1s~

resuTt 1s aTso con51stent w1th the fact that arter1a] BP 1s predom1nant1y
[ \

e

' “»-The exact mechan1sm for th1s reduced sympathet1c output 1sfv
‘ﬁ

"-vj'not own Based qn exerc1se data from<tra1ned and’ untra1ned muscTe

o

~lgroups, CTausen (20) postuTates that the tra1n1ng bradycprd1a anvo]ves
two components, one of wh1ch 15 present at rest and exercase and 1s re—/7"y

Tated +o changes 1n vagaT tone The other re]ated spec1f1ca11y to- per1-‘~j,.f

vﬂipheral adapt1ve changes 1n the tra1ned ske]etaT muscTes, 1s present,onlyvfjij_,

*'“7ff*1n exerc1se and ref]ects a decrease in sympathet1c dr1ve The rat1o be?*

A

tueen the decrease 1n HR at rest and the decrease dur1ng exerc15e 1nd1-;

cates the re]atlve 1mportance of the two components The present data

>,
a
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(0.47) are in agreement with those of Clausen (0 41) for pat1ents with’
angina pector1s, suggest1ng a more pronounced influence of peripheral:

?

adaptat1ons (20). From data on rats (66) and nbrma] SUbJECLS (56) fo]-
1ow1ng endurance tra1n1ng programs it has been hypothet1zed that the

| “reduction 1n HR, musc]e blood f]ow and per1phera1 vasoconstr1ct1oﬁa1s
med1ated by 1ncreased ske]eta] musc]e ox1dat1ve enzymatic capac1ty (20).

| In add1t1on at a. ngen submax1ma] work]oad at pre and post “TRN, our
mean va]ues for arter1a1 b]ood LA “and arter1a] catecho]am1ne concentr -
t1ons were s1gn1f1cant11 decreased after TRN wh1ch cou1d sudgest that

_ 1oca1 adaptat1ons of the tra1ned musc]es have contr1buted 1arge1y to

change the autonom1c st1mu1at1on of the heart (20) According to

Ho]]ozy (67) decreased arter1a1 LA concentrat1ons at a g1ven work]oad

' ,.' ven the Jow.ab ﬂute tra1n1n work]oads of the angina pa—
/,//fff\el\‘\\\\\ﬁh&\~ §9 g g

t1ent a]ternat1ve*hypotheses cou]d be warranted In blops1es taken from

the vastus med1a1us of’our pat1ents,‘Tay10r et a] (132) d1d not f1nﬁ any

systemat1c changes w1th tra1n1ng 1n ox1dat1ve enzymat1c act1v1ty de?

term1ned by qua11tat1ve h1stochem1ca] sta1n1ng (NADH d1aphorase) ; How— u
”-ever, s1gn1f1cant hypertrophy of both fast and s]ow tw1tch flbres was

present after b1myc1e ergometer tra1n1ng There may be a mechan1ca1

. t’ metab011c st1mu1us 1nvo1ved 1n the afferent neura] output from ske]eta]
e

‘ii ;S’* musc]e and an en]argement°of musc]e f1tres cou]d perm1t a g1ven work—

’\\\Joad to be performed us1ng fewer motor un1ts and/or more oredom1nant s]ow

't21tch ox1dat1ve f1pres w1th a reduct1on 1n th1s neura] output and sym-'

pathet1cdg?qve B 3’ ",‘1 h:  {vv>L:.i };e‘ A‘; _J'&T '
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, The‘PRP;has been shownito have a critica] and relatively
constant value at the onset of exerc1se ang1na pectoris (102, 105). An-
gina pect0r1s has been induced at the same PRP dur1ng exercise and right
'ratr1a1 pac1ng (8, 124\ - Several stud1es using progress1ve mu1t1 stage
‘exercise tests have demonstrated that following tra1n1ng pat1ents often
tolerate a h1gher PRP at the onset of ang1na pector1s (8, 20,-34,‘124).

- This may be" due to severa] factors F1rst1y,3the pat1ent may to1erate
S a greater degree of 1schem1a before pa1n is perce1ved or reported \
" Detry and Bruce (34) found that the St- segment depression was 51gn1f1-‘
.dcant1y greater at symptom 11m1ted max1ma] exerc1se after tra1n1ng The
't exerc1se protoco] employed may have an 1nf1uence ég; s1gn1f1cant in-
' crease‘ 5 P w1th tra1n1ng was - observed in our pat1ents on the non—
w

[ —

invasive ycle ergometer tests where the workload was progressxvely

34\‘:

[
1ncreased at two m1nute 1nterva1so Th1s was not the case dur1ng the fi?

.r

a’catheter1zat1on stud1es where a fongex per1od at a subang1na 1eve1 pre—

 cede the onset of ang1na Q1m1“lar1y, Gobe] et a1 %(53) and \ordstrom et
- 5 e .

al. (96) study1no the effect of - 11dof1az1ne noted 1ncreased Paﬁeat ang1na

‘on mu1t1 stage treadm111 tests but not dur1ng sup1ne exerc1se ddr1ng

! coronary s1nus catheter1zat1oﬁ Second]y, these may be concom1tant

‘changes 1n factors other than PRP, such as a reduct1on in. contract11e:gt~~

=

state or ventr1cu]ar vo]ume dur1ng max1ma] exerc1se The former would ‘“,

'*;1mp1y an unc6£;41ng of a para]]e] re]at1dnsh1p between HR and contrac-

o

t11e state at or. near the onset of ang1na Nhen contract1]e state was'

Y

1nf1uenced by proprano]o] Jorgensen et a] (72) found 1ncreased SEP/beatii

for exerc1se of equal HR w1th versus w1thout the drug If the'SEP/beat

is used as an 1nd1rect 1ndex of contract11e state the present data do not‘."

1nd1cate th1s uncoupJ1ng s} nce SEP/beat was s1m11ar before and after s

(

. R -~

il

L
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* creases in collateral circulati

,“ ’.
training durtng’exercise at the saMe HR_and during maximal e;ercise._'v b
heasures of'Ventricu1ar vo1ume'dur1ng upright exercise in patients with'.
ang1na pector1s are warranted That a change in these factors did ot
take p]ace 1n th1s study 1s 1nd1cated by the 11near re1at10nsh1p of meand
values of PRP for all experifental cond1t1ons before and after tra1n1ng égﬂ»
(f1gure 3b) Th1rd]y, TRN may result in changes 1n coronary b]ood f]ow |
d1str1but1on w1th reductions 1n "prox1ma1 stea]" by para]]e] reg1ons‘W1th

4

'1owered blood f]ow requ1rement gost TRN 1ead1ng to a h1gher maximum PRP

° 7

at the ang1na thresho]d (20) Fourth]y, 1s there an 1ncrease in the

a-\
»

-max1ma1 myocard1a1 blood f]ow and oxygen consumpt1on W}:h TR Whereas,

* g e
for the heart ol tra1ned rats (,g 4
; - ? ;

™~

A]though maX1mum CSBF and MVO2 were not s1gn1r1cant1y 1n-

; vy

creased w1th TRN there appeared to be a subgqsﬂﬁyof pat1ents who reacted ‘\

d1fferent1y F1ve of the seven pat1ents whoseﬁmax1mum CSBF was h1gher '

reafter TRN also had h1gher max1mum PRnyalues On the other hand on]y

one of the four -pa 1ents whose max1mum CSBF decreased had an 1ncrease 1n‘” :

:j ma11mumaPRﬂ 1!pue to- the 1ength of t1me requ1red for coronary s1nus b]ood
' K e

0

- samp11ng comp]ete data for MVO2 and art csO2 d1fference were ava11ab]e on

,seven subJects on]y four of whom be]ong to the group whose max1mum CSBF

| 1ncreased w1th TRN Threeﬁof these pat1ents a]so had h1gher MV02 and art-.’

Y
csO2 d1fferences aft§§ TRN o, f“'; S ;}_ t,,] | ‘;x;et Pl
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“o

tions for catheter1zat1on included s@tt1ng rest, an exerc1se at a g1venw

blood f]ow was conf1rmed by pre and post fra1n1ng data How

“,

A A CHAPTER VI

. coNCLUSION ) .

) ’ o . <:‘ - o .

“ This -study was des1gned pr1mar1]y to eva1uate the hemodynam1c

l -

4 effects of traihing-in pat1ents with exert1ona1 ang1na pector1s and an- y

Fﬂ
g1ograph1ca11y documented coronary artery d1sease Exper1menta1 cond1~ f

' submax1ma1 work1oad, a’ g1ven submax1ma1 heart rate and at the symptom—

]1m1ted exercise capac1ty. Exerc1se'was performed oq a b1cyc1e ergometer

“

#before and after training On non 1nvas1ve multﬁ stage b1cyc]e ergometer

e 0

“:si

testy funct1ona1 capac1ty and pressure rate product were 51gn1f1cant1y
a@“"" . o Y

i

h1gher after tra1n1ng suggest1ng a h1gher max1ma1 Qoronary swnus b]ood

flow. or myocard1a1 oxygen consumption.y.The assumpt1on of -a c]ose re1a-
3 r o
t1onsh1p of indirect 1nd1ces such as PRP TP and 171 w1th coronary sinus
' 2

rin both

¥ v

s1tuat10ns, TP and TTI wh1ch incorporate in the1r computat1ons the systo—
~ : @- . : !

™

t 11c eJect1on perlod per beat were. poorer corre1ates It was aJso observed
that pressure rate product was better corre]ated with coronary¢§§nus blood.

: f1ow than heart rate or b]ood pressure a]one both: before and aff%r train-

'ing.' o ' : ._‘ L
. S IR N s
SCONP T

Exerc1se capac1ty dur1ng the catheter1zat1on eva]uat1ons was -

4

found to 1ncrease to a s1m11ar degree s dur1ng the non 1nvas1ve multi-
G o

‘stage tests However the max1mum pressure rate product was not s1gn1f1-

ra »
cant]y dlfferent beforetand after tra1n1ng Ne1ther were the max1mum ‘

B N c, A . .

- [N

G
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coronary S1nus bTlood flow and myocardwa] oxygen consumpt1on d1fferent
'w1th training. Hdwever in the maJor1ty ér patients who 1ncreased thewr

max1mum pressure rate product the maximum coronary s1nus b]ood flow was

ufalso higher after training, suggest1ng that a]though these patients were

‘&selected accord1ng to comparab]e cr1ter1a, some pat1ents may reSDOnd

Shu

-d1fferent1y to the tra1n1ng st1mu1us However 1t Was clear that the

pr1mary factor contr1but1ng to the h1gher exerc1se capac1ty after tra1n-

ing was a reductwon of coronaxy b1ood flow requ1rement after. tra1n1ng

Y N.,‘i
: R R

The coronary reserve of. our pat1ent° was very 11m1ted w1tq

..n .

_ﬁ

,y doub]e their coronary sinus b]ood f]ow at symptom—

Arter104coronary sinus Oxygen d1fference cgntrl—

S L 4y

5‘ P

buted s11ght1y to the increase of myocard1a1 oxygen'cdnsumptaon frommﬁwm“aﬁ

5B

" rest to max1mum exegc1se befohe and after tra1n1ng 39 and 1 \respec—

oS )

wt1ve1y) In the presence of s1m1]ar PcsOé values at rest and at max1mum

exerc1se 1eve1 the h1gher arter1o -coronary sinus oxygen d1fference was

C *

postu1ated by a d1sp1acement of the oxygen d1ssoc1at1on curve assoc1ated

w1th a lower. pH. K d S

-

- By .

Coye

!
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Je désire participer 3 un programme de conditionnement phys i«
que durant six (6) mois enviren 3 rafson de 3 sessions ou plus par semai-

ne,

Le but de ce traitement est d'améliorer ma tolérance & 1'effort
\
et s'il y a led, de.diminuer intensité et la froquence do la douleur .}
, \ . ,

\
1a poitrine. ‘

Afin de presc}jre les activités adéquates et d'évaluer 1'effi-
cacité de ce progranme, df;erses dpreuves d° effort sur b1cynlet§t erqomé-
trique seront effectuées avant et aprés le prograrmie. Au cours de ces
épreuves, 1 1nten51té de 1’ effort sera augmentée grqguellewent jusqu’'a ce
que la fatique, 1° essouff]ement 1a douleur & la poitrine ou d'autres

symptdmes m'indiquent d'arréter,

v [l

L'effort pourrait étre effeqtué 1) par les bras-ou par lés jam-

bes, 2) précédé par un petit prélévemen* du muscle par aiguille et 3) e
fectué aprés la mise en place d' un cathéter dans le coeur droit et une ai-

guille dans une artére du bras .

Il existe une possibilits que certains changements surviennent
,f‘\\
pendant ces épreuves ou lors des exerc1ces du programme”. Par exemple,
une pression artérielle anorma]e,un étourdissement, les battements irré-

guliers du coeur, et trés rarement (moins qu'une fois sur mille) une crise

P
»

‘cardiaq&e.
- Le risque de ces changements est minimisé par les examens pré-
Timinaires, les observat15ns pendant et 1a surveillance d un médec1n lors
des épreuves d! effort et les exercices du programme Le personnel entra1ne
et le’ matériel ¢ urgence sont d1spon1§jes dans le ¢as d° une s1tuat1on 1nu—‘

sitée.” ' oo ) .



La confldentialité des renseignements obtaenys era dssurds
et le dossier de chaque Individu ne serd accessible qu'au personne} de

recherche,

.

ey L .
J'at Tu les remseignements qui précddent et Je consens 3 par-

- ,
ticiper d ce programme,
Kl , *
R . 1 " 3 & # :
Toute question que j'ai demandée q até expliquée & ma satis-
faction. , ; . '
g v
(N Signs
patient
témoin
Date '
x&f
. médecin
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SEM AND E OF CSBE#TDETERMINATIQNS.(m1/min) L

Number of pair o M 4 S E M PR
- ,measurements T 1 o o2

: _ﬁ S I I | T ;r\y4é B
2 e T s R Ty
| 162
S ]49 \,‘" !
162
%,
nrco
o192 N

Co iy ”f.X\‘- e
. " ]78,,:;‘” | .
RS 3 R
B R

S

/
~N O U B W N —

8.

15
16
',.}.]72“

:Tf ;,f; f  {H1f§EM: 13 6 ml ':ﬂ*f_”’ R
. 5“‘\ . ! : "" .‘. .A “l . ’ . ! o b..‘. - . 2o T R "'- ‘ N cv AN :,5

_.+‘f»d 5]1cate determ1nat1ons taken at same Fﬁp (21 X 10" 3) f‘f o

PR

IVEE SRR

  ”,é’f"M] f1rst measure M2 seco easure
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" "SEM AND E OF LA DETERMINATIONS (mgx) L E

s

103

-~

. Patient -

R
Exercise'

LB art . 7.45

€S . art '0'4;4O‘é'»'

. GB . art  4.80

HD:' | art 5190‘
RF art - 7.50
'éa3 T art 5.77 g
SYL e art 4.90
| J'GL. }j:' art 6,52

R art 4,10

, My~ ‘}1f art 9.70‘l

cs - 3.80 -
es 0 7.65
cs 5.801‘ |
cs . 6.45
o es Tt 57
eso 4790
cs ° 5.5
N :cs -3.40
cs lB,Qd'

s 5:90

e

';,if\"', fr7<:}y'ﬂs,%§ s

—

sa s

:‘;;n_t; 200 - .20
CSEM - 0.0670 ¢
N

. . . B . i . 3 . ‘e o
Lo w s W e goy SOOI N DO N WD

66
59

70,
.80
55
.65
70
.80
43
52
.55
.10
.00
.90
.37
62
5
.40 -
.35
.90
.90
-80

14.32. . 14.62

9.52.° . 9,42

123.20 0 . 23.40

s

21.50  ©  21.40
20.10° - 20.55 .
14,62 - 15.00
26,02 26.47 -
18,000 . 18.45, '
36.56  36.86 iy,

39.34 39.34

57.06 - sd.87
47.34 . 47.72 RN
38.00 » 38.40 .o

T 2671 . 26.80 .
l2w82 12067,

2490 2475 .

15.45 a5

24.90 . . 24.90"

2320 . 23.20 -

- i y : -
//’
o
-
e

c)

~t Submaximal exercise.level , .

>

i

Dup]icate xdetéfm?ﬁatfons; M]"

fi'r‘st»measu're;‘M2 = second measure

/

¥

N

B (1S U
| "//1‘2%  ]
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\; i .
v ‘ . ‘ | L
SEM AND'E OF pH, PO, (miHg) and PCO, (muiig) DETERMINAJIONS.
’Samgle+‘. o - peo, PO,
) IR ey M, M, M, M, M,
: R 7582 .7.589  29.4 . 29.3 $§j.4 129.8
C2 . 7.409  (7.423 408 - 40,3 7.6 69.3
3 7.495 - 7487 22,8 24.3 17300 173.0
<4 7.444  7.450 “-38.0 3.4 1917 . 192.8
5 '7.389 _/n7.387  38.] 38.3 89.2 91.3
N 7.457 7.453.  f2.4  42.4 147.8 145.7
7 7523 o 7.5%  28.7 ' " 27.9  202.8  199.7
. 8 7.524 7.523 26.7. 26.6 - 200.8  196.3
. 9 7.159. © 7.150  75.7 . 77.6 294.5 - 31212
W0 - 7477 0 7.475 23.0 23.0° - 109.5 108.5 -
n 75015 7.415 . 32.0 3.0 1417 . 1437
L 12 : 7.43§~Lf//47;u74 37.3 37.9 165.2  163.5
13 7.482 . 7.480° - 321 3.6 203.4  202.4.
14 7,205 . 7.202° - 68.5 67.8 89.8  90.9
15 7.496 . +7.493 1 32.8° 331 - 1469 149:2 .~
16 7431 7.429 - 36.6 -37.0  43.2 53.5 -
W - 7.405 7.207 41,5 - 410 103.8 1041
&g 7.438 ©  7.445 35.3  35.6 116.5 116.8
SN[ 7392 7.3%0. 35.8 36,5 96.3 . 94.4
=20 7.468° " 7.445  42.4 2.6 . 98.5 . +101.0
‘;.’: ‘ f‘: g ~ o | "4 | , . : _ ‘.a»
Syt Y. 7.4330 7 7.4320 . 38.00 38.] 140.9 141.4
< s.D. . 0.099 0.101  13.1 13.1  .58.8 . 40.9
SEM C0.006 - . 0.45.. 3.2
£ 0% .2 2.%
o ~Blood samples obtained in our 1aboratbry.- :
e «J‘)qmi;cate‘_detejrmi"nat‘ilons’; ‘M] = first measure; r42 = s_ecqu me'asuré';
s LI . ' t
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a) ORE WAY ANALYSTS OF VARIANCE

{(riin} DURING MULTI-STAGES G

Susmary Taule:

T TR g A i ot
Sourge

fetween S°5 %26, 24
wéghih S‘é
Trndlﬁcn{ 201,48
frear

Total

Wiin REFEATIO MEASURE, TOR MAXIMUM TiwD

&
CYCLL ERGUMERER TEST

e
ot
e
e
5
.

3
ki 2t 3
CE e y
Deit 130,94 16,004

b)Y NEAMAN-REULS COMPARISON UOUWREN GRUERED MEARS FOR MAXIMUM TiME (win)

VAt a Lt e o+ Fak ol o
ROOMETER TEST

DURING MULTI-STAGEE BICYCLE &

Ordered means 34 — 14 10

10 gt
14 . 0
. -

.

+* Significant at «.05
** Significant at .01

‘Critical values-agr VMS er?ﬁf}ﬂ

~

e it e 2 K AT



S c)’ONE MAY ANALYSLS OF VARIANCE FOR MAXIMUM PRP (x 10 3) DURING MULTI- vv‘_[fA,‘; Lo
STAGES“BICYCLE ERGOMETER TEST | SOOI | e

‘; Summary Tab1e .fAl

s o s s F

L Between S s_ 'VLI ijj526}5§I,;Tf:f51QJ
B WIthIn S s;" '>.W,:763=88f‘3If:}322f‘ » . o
o Treatment‘ffg“i}‘{la1§4.355"f::'A 2 8218 6.
'ifJI{-fgf Error. L 28132020 . 87
- Total  V;u33'5‘§28?23' LB '

.‘:;af“;i’%~.-** F 99 (2 20)-- 5 85 ~‘"‘M7‘f¥*ifff5#:ll"-'lf* o
o "T;. IS ‘f;“f“‘ B S

DO ) NEWMAN KEULS COMPARISON BETWECN ORDERED MEANS FOR MAXIMUM PRP (x31043),.j»“'

ERR j' DURING MULTI STAGES BICYCLE ERGOMETER TEST : L

SR Lo /

| -f«I;-.~if“- \ D Lens e
S oo T e P : _ “
s RN, T R PR I BEENRER - i s N ) L . P Lol : . ’ ;v
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