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iINAI]ROBTC }'I]ITABOLIS}.{ AND CAllDlAC OUTPUT TN PATTENTS '[¡ITTI'I I]TI{PTOi}"ÍATIC

I{EANT ÐIS1IASE

INTF,ODUOTf.ON:

$ince Hil-l in l9Z2 (f) introduced the concept of orqrgen debt, and rela,ted

this to Lactic acid accumulation during exerclse, these paranteters have been con-

sidered indices of anaerobíc rnetabolism' Numercus studies have been conducted

measuring the o>ryrge^ debt, (2*6) and blood 1actate 1e;vels (ó-fa; in patients rwith

heart disease" Several studies (4r?r8r9r) attenpùed'bo correlate cardiac output

w'fth o4ygen clebt or Ì:Io<¡d lactabe levels" In general, although wl-de indlvidual

variabilÍty was present, the o:ç'gen ctebt was somewhat higher and lact''ate l-evels

increased rnore cluring exercise in patients with círculatory insufficiency than in

normal subjects. The increased lactate accunulation and increased levels of o:6rgen

rlebt were therefore thought to be due to an ínadequate carcliac output, althoup;h

none of the studies measured both parameters and correlated thero lvith measured

cardiac outPuts.

This study was conducted to deterniine the o)rygen debt, blood lactate and

cardiac out,put response to exercise of suffici.ent severity to produce syrnptorns, in

patients with heart disease, These changes were compared to those observed in

normal- subjects, in response to similar exercise"

IVIETHODS AND I{ATII1ì,IALS ¡

Five female and five male patients were chosen from the wards atrd out-patient

servj-ces of the idiirnÍpeg General I{ospi.tal-. The crlteria for select'i-cn demanded that

(f) tney have a significant carcliac lesion; (Z) tney have s¡nnptoms at'l'ributable to

this lesion, Iimiting their activity on mil<l to moderate exertion; and (3) trrey ¡e

fully ambulant at ttre ti¡re of the study. The physical cha'racteristics and diagnosis

cf the patients are lisbed in Table I" Patienl's A-C had cornplet'e heart block'

attributed to arteri-osclerotlc heart ciisease" Patisrts D-H hact rheumatic valvular

disease. patient I had luetic aortic insufficiency and J had muscular subaorlic

sl,enosisolnpatientsD-I.IandJ,thediagnosiswasconfir¡nedbycardiaccatheter-

j"zatÍon. only patient Il had clinj-cal evidence of congestive heart' failure at the

!qt tÅ'*



*2-

tirne of the s¡urly. AlI pati.ents suffered from dyspnea or excessive fa.tígueability

o1 mil-ct t,o mod,erate exerl,ion and. patients G and H had <;pÍsodes of paror'rysntal

noc'burnal- dyspnea.

llour female ancl six maJ-e heatthy active nonnal subject,s, lrine of whom

were hospltal personnel, were the control grotrp for these studíes. The physi-cal

characteristics of Lhe subjects a.::e listed in Table If" Notle of the subjects

was famil1ar with the procedure frorn previous studi.es and none was considered

physically trained. AII the subjects had" a norrrral chest l(-ray rríthin one yeår

preceding the stu{y, anci. the trvo who lvere more than l¡l yea.rs old haci normal

electrocardiograrrs.

A prelirninary run was caruied out on the day prior to the test, to

acquainL the subject or patient r^¡j-th the apparatuso On the day of the sLudy, the

subject carne to the laboratory in the fasting state, ancl was allowecl to rest com-

fortably j-n the supÍne position. A potyethylene catheter was int::oduced percut-

aneously into a mectian basilic or ce¡:hali"c vein an<l advanced to the central venous

s,vst,enr (generally mid subclavlan vein). A teflon catheter was passed percutaneousl.t'

j.nto the brachial a.rtery" Front-back .-i.K.G" electrodes were attached to rnonitor

hea.rt rate. The subject r,,ras then seated in a comfortable upholstered chai.r wi'bh

a hearl rest,, placed on the tr.eadrnill and again allowed 1,o rest' far h5 rninutes'

f-rilredi-atel,y prececling the exerci.se, the suhject was a.ssisLecl frorn the sitting to

the stand,ing position, the chair was renoved from the treadmi.ll- and- the treadmil-l

set in rnotlon" I^trÌrcn the treaclmill- wéÌs stopped at the end of Lhe exercise periocl,

the upholsterecl chaj-r r,,ras irnrnediately replaced. onto the treaclrnill and the subject

again comfortably sea'bed" The o]rygen consu:npti-on r,'ras deter¡nined for at least ten

minrrt,es while at rest before the exercise, throughout the exercíse period and for

ttri-rty minutes a.fter the cessal:ion of exercise" Cardíac output detertninat,ions were

macle Ín dupl.icate at r.est dlring the 15 m:Ltrute period inunedi.ately preceding t'lie

onset of exercise, and at five minutes and nine mínutes afte¡r the exercise was

st¿rrtecl" The latter two va]-ues clicl not cliffer significant,ly, suggesting tha.t a
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steaciy st¿r'be hari been ach1evecl and 'birey were considered as dupli"cate dete::-

minatio¡s" Arter-Lal bloocl v,ins sarnpled fc¡r the deterrni.rration of pll, pCA2t

pOrr lactate and pyr.urrate at rest, seven and nine minutes aft,er the exercise

starbed, and at two, five and forty five minutes afber the ercereise was stopped.

The tre¿rclrnj.ll was set at an incline of h"4o for all strrdies' Tn the

patients, the trearlnill rate was: acljusted during the preliminary lîun, so that'

syrnptoms h-mited the duratj-on of exercise to 10 minutes. The trornal subjects

were studj-ed a'b approxì:raately'bhe same rate as the patients. The total ex*

ercj.se duration ranged from t0-12 minutes in al1 studies.

ILepeat sbrrdies were cal:ried out for all parameters in subjects I and

9 anri for l.actate, pyruvate and o)rygen deÌrt onl-y in subjects 3 and 5' Studies

were carried out at 2l,read.rnill rates in subjects I and 9. In patient D, a

trea<j:nill rate which Cid not produce s¡'rnptoms vra-s studied first, followed by

a study in ,,vhich the exercise was sufficient to produce syrnptomse Otrly values

for.bhe seconcl work load were used for coittparison with tlie norntal subjects.

AII stuclies in any gi-ven subject hrere c&rried out on the satne day, with a one

hour rest perl-od. betr¡¡een each exercise period'

In patients A-.8 carclj-ac output determinations were made on a bicycle

ergometer rather than on the treactmil-t and consequently were not sírnultaneous

with the oxygen debt determi.na'Lions. The work loacl cluring tlte bi-cycle exercise

lvas similar to tire treaónill exercise, as demonstrated. by the olrygen consunrption"

Cardiac output determinatj-ons were not ca¡:ried- out in patients G and Ï, because

of severe regurgitant valvular lesionso In subject 4r Lhe cardiae output was

determined at rest only, since an urticarial rash appeared following bhe initial

dye injectíon.

The oxygen consunption was cletennj-ned. by the open circuit techrtique'

Enpired gases were collected in a rnultíple bag system and analysed on a Beckmert

parani).gnel,ic ox¡rgen analyser and a Beckrnan infna red carbon dÍorlde analy'ser'
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The total excess olqrgen consumption due to exercíse vras cal-clllated as the o{fgen

consumptj-on thr:oußhout the exercise, anct the recovery period fotlowing the exerci-se,

minus the restj-ng o)g¡gen consumpti-on for that periocl of trrne. (The resti"ng o4ygen

consunrption precedi.ng the e-,cercise was used:Ln this calcufation)" The orygen debt

was calcul-ated as defÍnecl by l{il} (1); t,he resting o)rygen consun¡rtÍon was sub-

tracted fro;¡r the o]ry'gen consuniption du::ing the recovery period lrrunediately following

the exercise.

'Ihe Harnil-ton*stewarb indicator clilutl-on technique wtrs utilized in the

detennination of cardiac output" Five mgmc of indocy.rnine ßreen vrere injected

Í1bo i,he venous catheter frorn a callbral,ed syringe. The tubing was then rapidJ-y

flushecl with five cc. of nonnal saLine. Âr'terial blood was withdrawn at a con-

s1,ant rate of g,L cc/man. by a Harvard. Apparatus Co. w'ithdrawal PutrP.¡ through

the cuvet,ùe of a GÍlford Ðensitometer. The dye curve was inscribed by a Honeywell

recorder:- At l-east, fÍve ninutes transpir:ed between injections at rest, and about

four ¡nirrutes between injections durilg e:r.ercise. Arterial blood was dra'r¡n for

calibrat1on aboub o.r" hor" a,fter the exerci-se perioci; knom quantities of the dye

arlded to 10 cc" aliquots of the btood were then d.rawn through the cuvel,ie of the

densitolrreter in the same manner as during t,he deternj-natj-on of the cardiac output.

Arterlal blood pH and pC0, were d.etennined by the Astrup micro technique

and p0, was cletermj-ned on a Severingharrs electrode" Arterial blood lactate and

pyruva-be r/\iere measurert by rnodificati-ons of the enzyrnatic techniques previously

described by i-lorn ancl Bruns (f?) an¿ Íiega}, Bla.ir and lfyngaarden respectì-vety (t8).

RESUTJS¡

Cardi-ac Outnut" Heart Ra i;e- Sbrol<e Volrlne (Tables IIf & IV)

The rnean carcl-iac output at rest was 3 .32. L/nj:n for the pat,ient group

as corilpared wj-th ì+,85 l/rrr].:n. in the norinal subjects. This dif:flerence is highly

significant (p( "01 t test anal-ysis). As ill.ustrated in Figure 1, there v¡as little

overì-ap in resting cardiac output,s bretween the two groups. The mean increase in

carcliac output in response to exercise was .58 I./L)O cc. increase in o:qrgen con-

srirnption in the nornal su-hrjects, and ' 52 l-'fLoo cco in the patients' The mean
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carcliac output durlng exe:rcj-se'was S,10 )"./nin" in the normal subJects an¿ 6,t0

l./nin.in the patients. This clifference is also highly si¡jnifícant (p { .01)"

Al'bhough patients A, D and J. demonstrated low cardiac outputs at rest,, they were

r¿ithÍn the normal range during exercise as il-l.ustrat,ed in I'igure 1" All other

patients in whon {,he carclÍac ouLput was rne¿l,sured showed a distinct difference

from the norlral subjects, k¡oth at res'b and in response to exerciseo

Pati.ents A and B w-ith heart block, increased thei.r cardj-ac outJ:ut during

exerci-se, entirely by an increase in stroke volume" Pabient C, who also had

heart block, increased his rate by numerous ex1:rasystoles, and elev¿rtecl his cardiac

output desl:ite a srnall decrease j-n rnean stroke volume. All- the normal subjects

and a-1.1 tire pati-ents except A and B increased their cardiac output cluring exerclse

predomina.tely by an increase j-n heart rate, with snrall cltanges in stroke volunteo

I¡'lith ttre exception of the patients vrith heart block and patienù D, the patients

all had lor,.¡er sbroke i¡ofruires at rest and rluring exercise, than did the norrral

subjects.

An analysis of the heart rate response to exercise in the patients is

obviously not valid sÍnce patients A-ü had i-dioventricular rhythms, patients F-H

had atrial fibriltation and- scveral of the patients were frilly digítalized.

Venti-Iation. O:c¡nen Consumption and OxyEen DeLrts"

As listed in Tables V and Vl, the rnean resting ventilation was 9,9 l./rnin"

iir the patients &s compared to S.9 l.lnÍno in the nor:rnal subjects" Dr-rring the

exercj-se the ventilation increased similarly in 'bhe two groups, to & mean vafue of

2h"5 l./nj-:n. in the patients and 22.) I"/rrin, in the norrnal subjecbs.

The mean restì-ng orrygen consunrption ïras similar j-n the two groups.

Di,rring exercise the mean oxygen consurnption r.ras 695 cc./nLin" in the patients as

cornpared with 810 cc./nrin. -ì-n the norrrral sui:jects. The ¡nean tota] excess olygen

consunption d-ue to excrcise ïias 5l+49 ín tire patient,s and 661+)+ in the normal subjects,

Tiri-s clifÍerence probably reflect,s a. d:tfference in the external wo::k clone in the two

groups, as can l:e seen in Figure 2.
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The ¡nean orygen <lebt r^¡as 9L5 cc' in the pa.tient,s and 855 cc" in

the nornial subjects. These v¿rl-u.es are not cli.rectl-y coniparable, since the

j.ndivÍdual anct group r,rrork loacls r,\rere different. Therefore the o:rygen debl,

was expressecl as a proportíon of the totat excess o)rygen consuription and

this rela'l,ionship is j-]lustratecl in Figure J " In general, the patients had

a higher oxygen clebt for cornparabl-e level-s of total excess olygen consqription"

This difference, however', is onl-y significant statistical-ì-y (p <.01) if

patients /!, D, ancl J, who hact a norrnaL ca::di-ac oirtput duri,ng exercise, are

e.xcluded .front the group of patients"

.A.rteris:L Blood Gas es^ n'Late and ïrvrrr va.1,e fT"hl es VII & VTTI )

Although sevei:a1 subJeets and patien{:s hypcrventi}atecl at rest, the

mean arteriat pH and pCO, were withln nortnal l:'o.nge for both Sroups, and there

1¡ras no signifi cant di-ff erence between the groups. Durirrg exercj.se the pCO,

shor¡iecl no consistent change in either grotrpc Patients D, F and I, were nil-dly

hypoxic at rest.

The mean arte¡j.a} l.a.i:tate at rest was ,8/+ rrú'[./L. of blood in the

norm.al subjects and ,96 n\L/t. of bl-ood in the patienùs, the pyruvates being

.069 í[U/].. and "Oó5 rrùi/f. respec'bively" T]re maxinrum changes iri lactate anrl

pyruvat,e and j-n t/P ratio lüer.e seen by J mlnutes of e,rerci-se in alrnost all-

subjects" Tn general the 9 minute sarnples dur-ing exercise and tkre 2 mi.nute and

5 mÍnute r""or""y bloods demonstra'bed changes toward. the init,i-al restj-ng level-.

For these reasons, 'b?re 7 minute exercise values only have been recorded here"

During exercj-se the mean factate increased. lo ,92 rnM/I" and. the pyruvate was

A.67 rM/L" in the normal subjects, whereas in ì;he patients the mean lactate

i-ncreased to 1" 5L nti,f/t. and the pyruvate to "7O rîìrl,/I. S'l,atistical analysis

failed to reveal a signifi-cant difference between the resting or the exerclse

values between the [,wo groups, or the exercÍse as cornpared to ùhe resting values

w'ithin the groups, This of course is a resuit of the wido i.ndividual variability

and. 1,he fact that one patient and forrr subjects demonstrated clecreased levels of
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lactate ci¡rÍ.ng exer.cise. The lactate level-s clurj-ng exercise ier:e sigriificantly

hig¡er (p'ç.Ot) in th.e patien't group than in the normal subjects, only if

patients A, D and J (whose ca::ciiac outputs ïüere noflnal during exercise) are

excluded from the pafient g,roupc The pyruvate l-evels were si¡rilar in the two

groups at r:est ancl duri¡g e;cercise" The lactate:pyruva.te ratÍos showed rnarlced

individual -,¡ariabj-lit;r, predominantJ-y rlue to lolu pyruvate levels in several

indi.viduals. Although the mean lactaterpyruvate rati-o was hÌgher in the patient's

than in the normal subJects, this di:fference uras not statistical.ly signi.ficant.

prQQll$slQN;

The mean carciiac output at rest in the normal subjects was somewhat

lower than the values of Astrand et al (19) wno rnade their ÍIeaÍ;urements sittlng

on a bj-cycle ergorneter; hor,.rever, their restiug oxffgen consumpbiolls were also

considerably híghe1bhan in our subjects. The cardiac outputs in our study com-

pare wel-l with the data of Reeves et al (20) wtro nade thelr measurements standlng

o¡r a treadrnill . The j-ncrease ln ca.rclj-ac output in response to exere.j-se in our

nornal s¡bjects was also similar t,o ¡-,revious st,udies (ZOret)"

Several aspects of thi.s study have been investigatecl previously" Harris

and Lipkin (4) measured, cardiac output by the carbon dioxide method, and deter-

nrined olqfgen debt in â €;roup of pati-ents l'¡ith clinical evidence of circufatory

insuf:fliciency, ¿ind in norrnal subjects. They founcl the o:rygen consuuiption during

exercise and the o)çFgen debt were consíclerably higher in the patients, 'l'han in

the normal subjects" These did riot correl-ate v¡e1l wi.th'bhe cardíac ouLput as

they nreasured lt" Howeyerbhe cardj-ac outputs in their patients were frecluently as

hígh or hi.gher than their normal subJect,s. Harrison and Pilcher (6) found a lov¡er

orygen consumptÍon cluring oxer.cise in 'Lhej-r patients but most st'udi.es (z-5) trave

dernonstrated a higJrer o;wgen consrxrpti-on d.uring exercise and increa'sed o:rygen deÏ:t'

in patier:ts rr¡ith eviclence of cj-rculatory failure'

It is of Ínterest thal, 1n our study, t,he orrygell consulllption for å com-

pa.rable work loarl rras sirulLar in the patients ancl ill the norr-nal subjects, but
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the oxygen debt for comparabl-e work loads r/'Ias i-ncreased in the patiepts wii:h

low cardiac outpu'bs. The cliscrepa.ncieis in these stud|es may be accounted for

by díffereïlce$ in ci-rculatory status of the patients, srnall nurnbers of patients

in several investigabions (31516) ¿rnd clifferent inethods of ciel'ermi-nation of

carclio,c output 
"

Blood. lactate (5r8rl0rL2-L6) and in l¡ome studies lactate and pyruvate

17r9r1l) have been investigated in pabients wj-th heart, dlsease atrd contpared witil

normal subjects. Al.l,hough al uride range of values for bl.ood lac|a.tes werc demon-

stra,tecl i.n both normal sul-,jects and in pal,ients; vn-th heart clisease, rnost' studj'es

denronstrated siini.Iar resting values in the two ¿lroups, with irigher levels during

exercise i¡ patients with circulatory failure. Iseri, llvans and Ëvans (il-) stated

that there ur&s no significant difference j-n blood la.ctates during exercj-se between

.bheir patients ancl nor,mal subjects but they did not describe the circulatory stabris

of thei:: pa.l,ients" Huckabee and Judson (?)'.lere unable to denionstrate a significant

clifference ín blooci lactate l-eve.l-s in the patients wi.th heart faj-lure as cornparecl

to norinal subJects. A difference be'bween the two Sroups was only derrLonstrated

when their lact,ates and pyruvates were convertecl to fiAnaerobic i'fetabolic Raterr"

(The validity of the concept of rflxcess Lactaterr frorn which the rtÀnaei'obic Metabolic

Rateu is calculated, has t¡een questi.oned by several authors (g tZS)) " Both I'luckabee

(Z¿r) an¿ llarris, Bat,erna,n and Gloster (9) failed to clemonstrate a correlation between

cardiac outpu'b ancl blood lactate levels during exercise, however, Donald. et af (B)

founcl a good correlation of blood lactate levels w1th arterio-venous oxygen cli.ffer-

ences in pat,ients and j-n normal subjects, thus perhaps relating the lactate levels

to card.iac out,¡r¡t. The trigh arterj-al l-actate ler.¡els ciuring mild exercise seen in

their normal subjects (8) suggest that they were different frorn our nornal. subjects

in some r,ua¡'. FrLrther com¡xr.rison of these reports is difficult because:-

I. Several- studies (fOrfZ) j-nvolved preclominantly pa'bients r,uith cyanotic heart

disea.se, and thus hacl a¡:terial hypoxemia"

2" Venous, or ear l-obe blood r¡rere used- rather than arterial blood (5rl3rl5).

3, Stai-r cJ-i-nLbing, treadmill walking, supine and sittj-ng exercise on the
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bicycte ergorneter were employed in various studies, thus usj"ng different muscle

groups c

h, llhe controt subjecLs were f:rom different populat;ions, and ¿rs has

been pointed out by l{olmgren and Íitrörn (16) consideratrle differences in b}ood

la.ctate levels during exercise nay be seen :ln difflerent populations of normal

subj ects.

.[n our study 'bhe pabients as a group Íncreased ühej-r arterial laetate

levels clurÍng exercise more tha.n the nonnal srrbjects, however, no correlation

bebween cardiac output and lactate accumulation lvas denionstrable" Patient H, for

exarnple, had a. very low cardiac output at rest and during exercise, but had a

decrease j-n artertal lactate concentration (wittrout a change in pyruvate concent-

ration) duri.ng the exercíse period. Sirnitarly, although the olyélen debts were

higher in ùhe patients as a group¡ ûo correlation between the oxygen debt and the

cardiac output was denionstra.bl.e. Ferhaps the redistribution of blood flow seen

i.n patients with furpaired c¿rrdiac output (ZZ) accounts at least in parù for this

poor corirelation. If pati-ents A, D and J who v,¡ere found to have nonnal cardiac

outputs duríng exercise are exc.l.udecl frorn the patlent group, a highly signifícant

difference is found, betr,veen the pal,ients and the norrnal subjects, with res¡rect

to ca.rcliac oul,put, o:cJr{íen d.ebt anci art erial- lactate accurrulationo The dífferences

ín orqrgen debt and lactate accumrrlatj_on, hor,,rever, are not large.

Since patients A, Ð, and J had normal cardiac outputs durÍ.ng exerci-se,

their spnptorns can not be explained. on the basi-s of a decreased cardiac output.

Ït is also di-fficult t'o enpJ-ain the s¡-mptoms of 'bhe paùients on the basis of the

orqFgen clebt and the lactate accumulation in their arterial bloocl, since several

did rlot have lncreased oxygen debt or l-actate accurnulation. In adclition, the

highesl, values for o,-rygen de'bt and arterial blood lactate observed in 'bhese patients

hrere consi-d-erably lower than those observed in exercise suffj-cient to produce

symptoms in normal subjects" Neverl,hefess it is possible that o>q¡gen debt, inrpaired

cardj-ac output, or solne combination of these parameters produces s¡rm¡rtoms in patients

with heart clisea.se as a result of an altered sensi-tivity or threshol-d.
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sut4tvfÄftY:

1. The carcli.ac out,put, oirygen deÏ:t anci arterial- b'lood lact'ate ilnd pyruvate

'¡rere meo.sured at rest and dr:-ring e:cercise in a group of patients rsith s¡mtptoniatic

hearb clisease and in nornral subjecùs.

2. The rnean c¿lrcliac output at rest and cluring exercise r¡Ia.s lower in the

patients than in the normal subject,s; howeverr 3 of the patients had normal cardiac

out¡-ruts duri.ng exercise.

3. .No 
direct comelationl,ras demonstrated between cardiac output and arterial

blood lact,arte accumulation or o{ygen debt, }ìo"ruever, t'he mean o}rygen debt a.nd the

mean increase in arter1al- lactate r)uas grea.ter in the group of pa'bients who had

a.bnormally 1ow cardj"a.c outputs than irl the normal subjects.

t+" If orrygen d-ebt and Jactate accumulation clo indeed represent anaerobic

me.babol-ism, l,hen the irrcreases in anaerobic lnetabolj-sm are small in pa.bients wj^th

lmpai.red cardiac output during mild exercise.

5" The synptoms of all the pal,ients in this st'udy are not readily explained

by any one of Lhe parameters investigated. 1'he possibilít¡' of an altered sensiti-vity

to lactate, oxygen tleb'b, lmpa.ired cardiac output, or a cornbi.nation of these factors

is not excl-uded"

A C I(il]0.!\I].,8D GFìI {ENT :
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TABI.E Ï
PIIYSTCAT, CiIARACIEETSTTCS OF PATIENTS

PATIENl

Aå

B

D

It

¡'

G

ImÁ,N

HT. (cns. )

L76

L73

180

T75

1ó0

160

160

L63

161

L57

t65

wT. (tts"û.)

92.7

73.O

7r"2

65-2

hg.5

75.O

)¿. ¿

73.5

50"4

42.5

6l+.5

-)
Þi.4. uvl

2.07

1"89

1"90

1.80

l.5L

L.82

L"53

L"79

L"52

r.37

L.73

AGE

59

65

70

55

2l+

50

28

SÐ( DlJ. ) DIAGNOSlS

Complete Heart Bloek

Complete lleart Bloek

CompleÈe Heart Block

Aortic Stenosis

Mitral Stenosis

Hitral Stenosis

l,fitral Stenosis and
ïnsufficiency

It{itral Stenosis

Aortic Insufficiency

Subaortic Stenosis

tvl

M

M

M

F

F

F

H

I

J

F

IVI

F

À8

77

?L

49 "7



TABIIE TT

PI{TSICAL CHI,RA,CTERISTICS OF NOFI{AT, SUBJECTS

SUBJECT

I.
2,

a

4"

)'

6"

7"

L
o

10.

MEAN

HT. (oas. )

u8
160

L67

168

170

r68

181

t63

L63

L63

l¡IT" (Kgin. )

v2.9

)-tÊ"9

79 "O

67 "5

69.3

71.8

g1.g

77 "O

6c.o

54.8

B.S.A" (Iiz)

1"go

l.49

1,88

i"77

1.80

1"81

2.O6

1,82

L"64

r"56

r.77

AGE

32

29

67

50

l+5

35

2A

41

27

24

sEx

M

F

M

t{

ili

Ivf

F

F

M

F

37.o 167.9 68"3



TAB]Æ III

HB{ODÍÀIAþIIC ÐÄTA OF ATTMüÎs

PA.TIË{T c.0. c.r. TJÐ¡l .1L. S"V" ùo
¿

A

B

U

D

Elg

F

G

ût¡

I

J

4.l-

2"5

3.L

l+.2

3.2

3"6

g.

9.6

IÊ
t*t )

l+.7

( "4

6.1

5.6

1)

2"o

1,3

1"6

2.3

2.r

2"L

g,

4.7

2.1+

2,5

4,0

4.0

3"2

E.

48

27

,18

96

t26

92

L56

84

84

T)

86

9l

103

o4

39

56

E"

200

r67

oo

75

tß

6T

E.

271$

222

w
26L

208

209

E'

-aÊrroL^

8C1

557

803

93t

6L5

20L48>¿L56

&.

48

n
30

65

82

6l+

68

6l+

o)

66

t'ffiAN

2.6 3.7 L.5 2"L

3"4 7 "5 2"5 5.5

3.32 6"10 1"93 3"55

Cardiac Output in l./.[in.
Heart Bate per minute.
Stroke Volume in ml.

40 hh 2J5 53t+

J-

(40

229 773

= Cardiac Index in t./yrfn./irt2
= O>":vgen Consr.mption in ml , per s.i¡ute.
= Rest
= Exerci-se

U

H

S

c.r
voz
R
î)

*(ltris dj-ffers frorn treadlnilt exercise iO" in those patients i,ihose cardiae outputs were
raeasured during bicycle exercise). n

0o=
DlL.
\r



c.o.

TABI,E TV

HEùiOÐTN¡tt"ÍIt DA,TA 0F NOri4AL SUBJECTS

c.ï. !¡Þ¡¿otL.SUBJECT

10"

G
J.j¡¡

?8

81

77

98

Ð

75

D

60L (')

(o)

(")

(¡)

(')

(u)

(")

10.3

ö.I

l0.l

7.6

7.1+

7.L

7"O

l a9

æ.
8,II

Ef7

4.5

Lt.9

4.2

l+.2

l+" l+

/.?

4.7

]E
4q ¿

,^

E.

l+.5

5.O

l+"7

l+.6

6.r

5.O

5.5

4"9

4"2

L.7

5.L

5.2

2Ë.-)",-

4.s5

E"

7"4

9"2

8.0

7"9

Ð

2"4

3.1+

2"5

¿.o

3.1+

4¡A

2.7

af7
Lo I

1.)

2.9

3.r

3.2

2"2

2"77

). (

4.8

5.3

4.2

q.

90

114

104

80

92

98

Lt2

115

84

88

84

78

9l+

92

95.r

oJ

79

63

81

64

7l+

79

ó8

7L

77

79

Ø_

7L.1+

80

60

72

(o

78

7l+

62

o¿

66

66

66

tu

oö. ¿

2.

3.

1,"

6"

7.

q

94

7z

88

+ô

84

85

90

83

t)

;

9

}ßAN

The orygen consuaption at rest and durlng exerci-se for each cardiac output cieterr':ination is lisied in Table Vf

{*iean value i-raclud.es only the first deterinination in each subject.

Abbreviations as listed in Table III.



PATIENT

A 23"2 lo.oo

B 26.0 10.00

c tg"o l].67

Ð (r) ,r9.5 Lo.oo

(z) t+7.6 lc.oo

E 50.0 11.C0

F n "2 lo.oo

G 38.1 10.00

H 16.1 10"50

I 15.0 10.00

J 38 "6 10.50

+i{EAl,I 30,o 10.26

Raùe = lreadnil-L rate in t'{eters/i{in.
iIo = ifi¡rute Venti-lation in t/:Wr-n" B.T"P.S.
0i Debt : O:çvgen Debt i¡¡ nl.

*Mean i-ncludes only study (2) of patient D.

T'ime = Du¡ation of Exercise in i{inutes"
ü0, = O:ggen Consumption in nl.r/nin.
Exõess VOr = Total Exeess O>rygen Consumption due to

Exercise iå mI.

IABT,E V

1/-dI TIÏ,ATION. O{ÏGEIü ÛONSUI4PTTON. OTIGEN DEBT ANÐ TOTAT ffiCESS OtrYGEN COII-SUIVPTION OF PÂTTE}üTS

RAlE TIl@ v0
2

oz DEBT

R. g.

3L"7

26.9

23.2

16,6

2l+.9

3r.3

18.6

¿Y. t

14.1

25.7

18.8

24.5

V-fr F,XCESS V0

5657

5876

tß53

t,J26

8270

7s¡5

t+375

5AU+

4924

39zo

3698

54h9

2

l-2.O

9.6

LL,5

9.3

9.6

9"3

8.1

9,8

7.9

LL.4

9"3

oo

&.

271+

222

2l+3

26L

262

208

209

203

n-5

26L

20L

230

]tr

79h

786

623

6t$

994

832

6].5

643

534

588

5!5

695

723

1015

1194

A8o

838

t560

575

1011

!L22

'184

æ2

9l-5



SUBJECT

TABLE VI

VENTIT,ATIOIü, OKTGHS CONSIJI{PÎION, OXÍGEN DEET Ai\]D TOTAL E.XCESS OXTGEN COIÞINTTPT]QN QE ILOFMÀI, SIIEJqCqS

02 ÐEBTvoevgRATE TII'{E

&. g. &"

26.6 1o.oo g "r zo.3 zz7

55.5 LO.27 8.? 29.9 2l+4

29.1+ 12.00 8.2 18.0 203

n "2 10.00 r0.7 29,o 27a

32"6 10.0C 11.4 rg.8 238

32.6 10.15 7 "7 22"2 22A

32"6 LL.33 9.2 2r.8 2t$

35"b LO,55 9 "L 23 "2 306

38.1 1O.52 8"2 33.6 262

32"L 7J,67 8" 5 23.9 238

32"L Lt.67 g "t 23.7 229

27.7 11.00 8.9 1g"g 239

2? "7 11.02 g"L 18.6 25r

55"5 10.04 9.8 25.9 249

n.2 LO,t+7 U_ 20"0 L15

30.9 LO"6t+ 8"9 22.9 235

Abbreviations as. listed in Table V.

à'Mean i-nclucies first study only in each subject,

EXCESS VO

5298

9353

5026

6030

6570

7L3L

5trÙ6

7397

9744

7923

7898

53r5

4880

7908

6ooz

664h

2

I (')

(u)

(')

(u)

(*)

(o)

(")

(u)

(")

Fú¡

u,
1009

543

796

820

89/,+

69r

99r

1113

883

852

695

67/,+

96l,+

?00,

810

840

853

626

1ró9

685

L223

510

56l,+

1045

802

1088

580

522

893

1014

855

2

3

l+

5

7

()

10

6

9

åJJEAN



TIIBLE VTÏ

ABEHìIÁ,L

PATiENT No. pH pcoe

Ä

B

\,

Ð (¡.)

(a)

E

F

\r

H

I

J

ã-ì'ßAN

7.M

?.4h

7.1+l+

7 "h,2

35

38

l+3

l+z

35

38

40

Jö

1+6

3!.

38"9

rEST

Poe

86

84

07

7Lþ

87

73

96

97

67

%,

8l+.9

L

"30

1.12

. /o

1"04

,s5

1.80

1.11

L.22

1.06

oo

-"35

,96

"o63

"o/+1

"c72

.o63

,o6It

.o6t+

.l_0?

.120

"c63

.o22

.o3o

"c65

5"o

27.3

10.6

LO. )

L3.3

28.1

10.4

ro"2

1ó"8

l+5.O

fl,z
L4.7

.79

1.70

L-55

"88

.90

3.2o

r"32

3"JJ

"95

1"11_

. !rl,

1.51

"o65

.c39

"c87

.o4r

"051

.c8ó

"r03

.160

"065

"czg

.c23

.0?0

L/"

L2.2

4J "c

u.'8

2J.5

17.6

37 "2

12"8

Lg.4

Lt+"6

38"3

19"1

2J"6

P L/P

7 IVIINT. EffiA,CISE

pH pCO Paz L P
¿

7.1+5

7.4t+

7 "l+7

7.!+3

7 "!+6

7.]+2

7 "l¿t

.L'7,1+3 38

J-
(.4¿

7"41

7.1+8

7.l+J

7.u

7 "h3

3z 89

41 9a

3t+ 94

l+2 92

'tu

36"8

%.

92

ålMean includes second run on].y of subject Ð"
+Blood saroples drawn at 5 minutes rather than ? ninutes of Exercise.

= Laeti-o acid in ntui/L of blood.
= Pyruvic acid in niaril of blood.
= Ratio of lactic to pyruvic acid.

L
P

L/P



TA.Bj".þJ VIII

ARTERIAT BL00D GASES, LACTATB AI'JD PTRUVATE rN N0R],1AJ!ÂU_BJEçTq

RF,ST

SUBJECT N0. pH pC0z p0z L P L/P

? MIN. EXERCISE

pH pCOz p0z L P

r. (')
(u)

2.

¡. (a)

(u)

h.

5. (*)

(u)

6.

7.

8. (a)

(u)

9. (.i
(u)

(")

I0.

++IilEAlü

.60 .0ó1

.78 .080

7,14L 33 93 .63 .O64

7.LJ 34 8l+ L.t+7 .117

L.33 .o9z

7.53 23 9t+ .81 .0?r

7.& 4z 84 .62 ,o27

7 .l+L 4J- 86 . óI .O2l+

7.37 46 88 .91 .Al9

7.1+L. /{t 9t+ .8h .o6r+

7.t+o 33 88 .49 .O22

7.42 33 gt+ .72 .038

7.tl Lß 97 .77 .O?0

?.4f 1+Z 10I .51+ .063

7.39 4J- 96 .7O .Ot+7

?_&p%L.25.110-
7.4L '37.4 90.4 0.84 .O69

Abbreviations as listed i¡r Tab1e VII.
*-ivlean of first run only each subject.

7.4o 3t+

.,u' '7 .42 35

7.37 h6

7.t+L 4z

7,1+O 40

7.38 l+7

7.42 l+3

7.42 33

7.43 36

7.39 . ,. l+Z

7.39 43

7.38 46

7 "39 41

7.1+O l+O.3

+-fSample taken at
+ Sarnple taken at

9.8

9.8

9.8

L2.6

Il+.5

IL.4

22.9

25.1+

LL.5

13.r

22.3

18.?

IL.O

9.6

Lr+.9

11.4

l,2.2

.63

.95

93 1.07

84 r.1r
¿' .63

75 1.41

g8 .98

88 1.03

go .6g

90 .98

95 .69

9z .59

97 ,t9

93 .36

88 '50

æ 1.r¿

90.2 .92

lr Exercise.
10r Exercise.

.o65

.o76

.080

.069

.057

.090

.o52

.038

.050

.0?8

.ol+9

.Ol+5

.041

'''Ol+2

.041

.on

.o67

L/P

9.8

L2.5

13.l+

l6.3

11.1

L5.7

l_8.8

27 "L

L3.6

L2.6

14"1

13.1

IL.9

8.6

L2.2

L2.3

].3.7
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Tþe work clone in walki-1g up the slope of the tread-rnill was

caleula.ted for each subject .md patient" ('Ihe horizontal
component was not, incluclect). As deino4strated in the gr:aph,

there was considera.ble overl-ap between the groups, but in
general the partients d.irl less work and had a proportionately
low*r t,otal- excess oxygen consr"rnption 1,han the nortnal subjects'
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