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Abstract

VEN'FIL&'J'URY Pulse Tndex (VL) values weres
cxperimentally determined fop D cases and 11
cases of LGG abnormalities under different grades af
excreise,  These were compared  with VPI daga
collected ‘on athletes and mon-athletcs,  The VP
work load curves do not show any peak value in the

case ol diseased subjects unlike the other proups.

This is explaincd as a failure of cardio-respiratory
coordination process.

Tntroduction

The preatest use of electrocardivgram ay a diag-
nostic aid is perhaps in detecting the ischaemic hun.
wes, due to Inadeguacy of coronary flow, scarring of
myocardinm  and of the conducting tissues. I'lLe
incidence of false pozitive o
not clearly established, due
anatomie, |

false negative resulis s
in part to lack of procise
electrocardiographic  upd Bhysiologic
correlations and iy part (o dack of standardisation of
exereise lolorance tests themselyes,

The purpose of the excreise tost s primarily to
unrnask any latent inadequacy of toronary flow, by
increasing 1he heart rate, muscular werl and
consumption tu a point that the resultant
ol myocardium if any, is refle
cardiogram.  Bul nen specific FOG changes in
healtlyy individuals under exercie FESE rafse A serions
doubl as to whether the noted changes are due mainly
to metabolic factors like pH variations or fluctuations

in serum S+ level or due to irechacmia ap due to olhey
reasnng.
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On one hand healed infarets
permancnt BOG changes in an iy
sufler [rom myocardial functional def
other, a resting ECG; may  be entirely
limits in a patient who has clear cug
AN DECtoris, o1 coarctation of an

cular sepral defecls, and small Jatu;
[ore 1

L
evidences, the so ealled significant E{.‘{é
at the most testimonial g nature bt ne
sve evidenoe of myocardial Ischaemia
tommentary  on  the funciional ~starus
cardinm

In an earlicr study® we  have rop
Physical fitness can he measured with
by using a vew index whith we e
tory Pulse Index (V. P.L). This index
hypolhesis  (hat cardio-respiratory gy
functional unit so far ag oEygenatinn
concerned.  V.P.T. is caleulated from the

V.PI, =

Oy consumption in mi (5. T.P.D.) Hq
Heart rate/min x Ventilation in litreg

With increasing grades of UXErcise af submy
level, the u:=11‘t|im'espirutur}? system real !
optirmal EH‘icien::y el A coripin walk lnad
upon its functional statys, T there js any. funp
impairment in the systens, it shows an optim

i
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at lower grades ol work load. Coaversely,
0 attain “optimisation™ peint (peak) would
breakdown in the coordination process
to funcrional impairment of one or both
s

on the above hypothesis a study was nnder-
morder to measure the VPI of athletes, non
fthy individuals, THD cascs and persons
ﬂiq_n_'speciﬁi: ECG changes.

b and Materials

stgin the age group 21 to 52 vears were
cle eroometer exercise at increasing grades
nge of 80 to 110 watts at the submaximal
Table | gives the details of the subjects who
ted in the present study,

een of these subjeets had ECOG abnorma-
arious descriptions but mainly ST-1 changes
st or after cxercise or both. Seven subjects
il t.u;ra'm diapnoacd as recovered Ischaemic
s (IHID) cases.  They were under perio-
Rest of the 11 subjecls were otherwise
individuals, completely asymptomatic bul
ECG changes malnly in ST-T, after treadmill

orathlete: subjocts were drawn from a group
Cdue for commissioning in the service and
to a lower age group (21 - 33 years). 19
thletes (Army) constituted the athletes group.
subdivided inte sub-group I and IL
I were short distance runners whereas ath-
ere long distance runners.

hsubject was given bicycle ergometer exer-
5 minutes at cach work load with a rest
of 30 minutes between the exercises,  This
e was followed to ensure saflely, and, to main-
.iihrmiw' in approach in all the groups. THD
cularly, could not continue with exercise
than 5 minutes at a streteh al higher work

ired air was collected in a Douglas bag during

inute of exercize. Expired air samples were

in & microschelander pas analyser [or oxygen

mption and carbon dioxide output.  Minute

ton was measured with the help of Meterlav-
e [Eter,
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Heart rate was recorded during the last 30 second
of cach exercise, on a multichannel Grass Polvgraph.

Surface arca was computed from the height and
welght records of the subjects using Du Boiz nomo-
FTAIIL

Resalts
Orxvgen consumption @ Mean values ol oxygen
consumption (VO,lit/he STPTY) for different grades off

“exercise al the submnaximal level 15 given in Table 1T

and iz graphically represented as mlimt STPD in
fig. 1. T'wo characteristic featnres may he noted
[rom the praph. First, except for the non-athletes,
the ather groups did oot show a linearity in the
glope in oxygen consumption with the intermittent
type of exercise, unlike what is normally ohserved
in a continuous type.
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Oxygen consumption per heart beat (VO mlf
beat) is given in Table III.  Which shows that non
athletes comsumed less oxygen than THD and ECG
abnormality groups in the range of 40 to 70 watts.
At 80 watt level non athletes showed better oxygen
comsumption than the THT) hut less than EGG abor-
mality group.

Ventilation :  With increasing grades of exercise
ventilation showed a progressive rive.  Table IV pives
the values,  In 60 to 80 watt range, the non-athletes
ventiluted less compared to LECG abnormality and
IHD proups. Athletes group II ventilated the least
compared to other groups in the 70 to 80 watts range.
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Heart Rate: Showed a progressive rise with in.
creasing grades of exercise in all (he groups cxeept
the IHD and the results are given in Table V. In
the IHD group, the rise jn the range of 50 to 70
walls was insigmificant,

Discussion

During submaximal exercise the distribution ol
blood flow which iz an important  determinant af
physical elliciency, is closely related to the capacily
of the cardio-vascular systems, Therefore, any car-
diac pathology which restricts the functional capacity
of the heart as a pump, is lagically expected to reflect
its ellect on the oxygenation of the tissues, The
latter in turn will have ils link with the respiratory
systemy and  therefore compensalory  mechanism like
increased minute ventilation, increased extraction af
oxygen from the bload, greater a—v vxygen differonce
ctc are expected to be brought inta Play in view of
cardiac efficiency. The degrec of coHnsumMption wil]
be directly propertienal ta the functional capacity
of both the cardio-vaseular as well as the respiratory
system..

Keeping the above painis in view, three inter-
linked Impaortant tomponents of compensatory me-
chanisms ie, oxygen Consumption, minnte ventilation
and heart rate have been taken inte consideration
m the formulation of VPI. A sinilar approach
was made by Kircho!l and Lauschuert in formulating
oxygen pulse (OP). But in our earlier studiest we
found that OP sufiered [rom certain inconsistencics,
In day to day evenls intermiltent tvpe ol cxercise
Is more common than conlinmous type of exercis
as In athletic events, Therefore assessiment  of
functional capacity of the cardio-respirulory sysiem
shonld be based on more realistic medel Lhan the
determination of VO, max. as is the comumon practice
today. The latter is more appropriate for athletes
but not for the sedentary individuals, the apcd and
the infirm.

The importance ol cavdio-respiratory adjustments
in physical exercise was observed by Ekholm et al?,
after 16 weeks of physical training on a bicycle ergo-
meter at submaximal level,  'Ihe subjects showed an
Increase in O uptake by 20% and lowering of heart
rate by 16, According o rhese authors, Increase
in Uk uptake was partly due to more extraction {in-
ereased a-v oxygen difference) and partly due o an
ineTease m stroke output.  The other possibilitics not
mentioned by the authors are inerease In ventilation
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perfusion ratio and increase in the a
in the pulmonary alveali, Whatevey
- the present study the athletes -
CEYECL  consumption  capacity.
athletes, LOG abnormality and
order,

The first evidence as (o the
Piratory svstem in the OxvEenal
CXErcise comes from the degree of
in different groups with increas ing
(fig. 2). Herein it is abserved that
6080 watrts, (he athletes ventilated th
by non-athletes: ECG abnormalit H
At lower grades of exercise the latter e
did ot show significant difference
selves,  Bul above 60 watts the diffire
digcernibile,
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The relationship between Vi and

highlights the importance of ventilatis fur
graph drawn on the hasis of repesio
ditlerent groups, clearly indicyte th [
and A IT) extracted fur more CYEET
groups for the same degree of vent
by non athletes, ECi: ahnormality and

Debate concerning U magnitude and
of bloud flow redistribution has been long
Lixperimental work in this ficld was .
viewed by Wade and Bishop.  They congl
marked redistribution of blood fow daes
exercise in both normal and diseased
that extent the cardio-vascular system,
the metabolites play a hig role in- dej



eroiwe und therefore indircetly the oxy-

iption, According to Rowell®, in normal

lmonary factors impose no limitation on
ansport.  Were it so then there should be no
in VI for the corresponding VO3 in diffe-
. But the present study clearly revealed
heee were marked differcnces in ventilation in
it groups for the corresponding VO, which
hat there were different degrees of respira-
psiments according to cardiac efficiency of the
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it is expected that if for some reason Lhe
rate ds ot increased ag o the case of old age
the only alternatives will be to increase the
ume and oxygen extractionrate in order to
= V()s, Tao that it may beadded, that when
ke volume is itself restricted due to the
ed myocardivm or insuflicient coronary supply,
iratory system.  The samc point s well
ught out in VE/VO, relationship, (fig. 3).

n the study of VPI scores on 33 subjects (fig, 4)
been shown earlier® that the VPT in contrast to

it physical firneus index (PFI) ol Hurvard Swep Lests
ed consistont pattern in the athletes T and 11
¢ and non-athletes. 1In the latter group, rhe
evel of WPI was oluerved in the 30-G0 watts
¢ of exercise, whereas the athletes T and TT show-
peak level at 90 and 70 watt levels of exercise
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‘nly alternative compensatory mechanism. will he

_.!.’r. physical fitness indices like sxygen pulse (0T
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respectively, It is noted (Table VI) that at 70 and

a0 watt levels of exercise, there iz parclically no
difierence in the heart rale between the two groups of
athletes though VL differed considerably. At 70 watts

Tevel even the VO3 was also almost identical in the two

groups though VE differed considerably. In other
words HE and VO temaining identical iff the VE
varies under identical situation (at 7 watts) one is
compelled to infer that the possible contributory role
of ventilalion in ensuring oxygenation of the tissues
can nat be over ruled as done by Rowell®.

It may be obsorved (fig. 4) thal unlike the
athletes and the non-athletes, the THD and EGG

~abnarmality groups did nol show any ‘peak’ in VPL

The moot question is, why the latter two groups [ailed
to attain any pealk VPI with increasing grades of
excrcise @ Could it be due o lack of ‘optimisation’
of cardio-respiratory adjustment as a result of cardiac
pathology or could it be due to the failure of respira-
tory compersatory mechanism Lo meet the demand of
oxygen by the tissucs or hoth ! Tt appears that the
ITHD group showed signs of far more cardiac strain
as roflected in the HR for a given rale of exercise
compared to ather gronps (fig, 5).  For instance, at a
fixed level of U; consumption of say 1.3 liter/min the
HR for THD group was 14/ min compared to 115/min
in the athletes and  1536/min in ron-athletes.  But
nonspecilic BOG aboonmality group had a TR of
127/min i, less (han the non athletes swhich is guite
puzzling particularly so, in view of their failure to
achieve the peak VEI. The plausible explanation
for such a phenomenon could e that ECG abnormal
group (non-specific) perhaps suffers from the same
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handicap as the older age sroup, in that they fail to
raise the HR and hence the cardiac outpur, though
their (. consumption {lower value after 70 walls) com-
mensurated well with the lower heart rate.  Tr s
interesting to note in this connection that bath IHD
and ECG abnormal groups belonged to over werght

class wilh large surface area (Table 1), The
discrepancy  in oxygen comsumption per  hearl
beat as observed between non-athletes and ECG

abnormal group { Table V1) tends Lo support this
possibility, A definite answer to this question can
however Dbe settled anly by direct estimatinn of
stroke output. Tt is perhaps due to this limitation
ic, failure to raise HR, the optimisation process
of cardio-respiratory system was not ohserved
in the FCG abnermality group and therefore no
" peak * VPI was observed.  Tndirectly it is perhaps
an indication of premature onget of senile changes of
reversible nature, because reversal of BOG to normal
pattern alter a diet schednle and exercise is not an
uncommon finding in this group. Few cases of 111D
with low VP1 peak (al 10%) and a few cases o non
specilic ECG changes with normal VPI peak have
alzo heen ohserved. These cases are still under review
and hence their results have nat been included in the
present report,  Trods suggested, ithat a finding of

cand (o Air Commodere 5P Yerma, ‘!,?}é[

normal VPT peak during graded exe
cation of well compensated fanction
tory system.  Abnormal ECG findi
nu € peak * VPI s a sure indication
ratory functional deficiency,  Asa coral
sive shilt of VPT * peak * from low
range will be an indication of recove
piratory system to normaley irrespect
LG changes,

Conclusion

Usefulness of VPL asan aid ia
tunctional state of cardia- =rEspiratony:
the fact that it indicates the phenn
and the point of work load at which
Failure in the attuinment of VPI peak as
present study in THD and ECG abna
ways g vlear indication of lailure of cardi
co-ordination process at aptinum level,
observed in the VPI peaks in the athl
athletes, were indicative of the di
Tmetional elliviency of cardio-respiraln
among these groups.  Bused on th
suggested, that a progressive improy
fpeak ? from low to high or normal ran
load will be an indication of [ull recavery
respiratory system irrespective of non s
changes ur otherwise, Ohversveight may.
factor in  dislocating the *optimal * ¢
between  cardio-vascular and respiratg
and thus allect VPI pealk.
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TABLE 1
Betails of the Subjects

K Height Weighl Surface

Na Age Ciree Kot e

10 5.7 170 6.2 1.64
(21-33) (163-184) (49-54) (1.5-1.83)

12 97,1 168 Gl 7 ].69
(20-11) (160-183) (30-79.3) (1.3-1.95)
7 23.6 167 51,5 1,63
(22-317 (165-170.5) (30-64) {1.53-1.71)
7 10.7 168 64,4 1,70
(26-32) (155-179) (57-83) (1.57-1.95)
11 314 170 65.1 L
LITIES (22-30) (165-182) (55-74) (1.58-1.93)
TABLE II
en Consumption (VO L/Hr §TPD of Various Groups at Increasing Work Loads
0W  40W  AOW  AOW  TOW  B0W  90W  1DOW  110W  120W

= — G4l 698 752 44 412 Mean

= = Sl 494 86 102 3.7 5.d,

= - B9A 6495 733 780 = = iean

= = 347 402 349 2.4 = a 5.
QIALETES — 4293 50.2 3538 6183 6R48  — — Mean
4 _ 498 368 6.9 445 G666 EE T e 5.d,
9.1 44,5 489 A5 1 4.3 [, | - — — Mean
402 341 512 87 434 4.62 == = = 5.d.
SR 4d5 B3 N4 GO 679 e = Al Mean
4.0 3.7 3.2 28 5.9 4.5 = = 5.d.
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TABLE IIT
Relationship between Increasing Work and Oxygen Consumption VO, /M (STPI)

> 0w doW  sow B0W  70W  gow SO
NoNATaLETES 57 o s wd s M
n‘i_T_'III;_'I'_ESI _____:____-:_ — 8.5 11.0 _1;_'3 1.0
st e w2 e 0

‘———————_—.______ e e —

IHD G.7 s 7.8 8.5 2.1 4.7 —

ECiG 7.8 it g2 4.8 9.5 9.5 = —
ABNORMALITY
TABLE IV
Mean Ventilation (Ventilation L/HR STPD) of Various Groups at different Waork
0W 40w sow BOVW  7ow BOW 90w 10w 11
ATTILETES T = = = — 178 1237 1294 1415 1370 &
= == u7 17 138 138 19
ATHLETES 11 e = = Y9 1014 164 1250
=== 587  Gu4 1% ser o -
NON-ATHLLETES _ 910 (oo 992 1095 1313 — =S .
— @ @ i 6 I - =

LCG ABNORMALITY ) H85 b2 LIk 1174 [ E— — =B

1306 95.7 15535 M7 G7a 68— =
IHD 8215 902.4 10103 11396 11683 i — = .
1.2 12 e w32 7 83 . — =
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IABLE V
dard Deviation of Heart RatejMin of Various Giroups at Increasing Work Loads

S0W  GOW  TOW  BUOW qow 100w 110W 1208

W 40W
= = N — oo Q1A RS 1228, 1570 — M
= = g = = 55 12a los 114 — 34
13 = G451 gr.0 loes 1128 — . Mean
B == T4 U5y a0 10 - = — S.d.
_ jo8y 1122 1162 1226 1206 — e e
= Ta: a0 07 2 T SEgaaaala )
1164 — - .~ Mean

g4 955 1004 1045 1120

o7 2. 105 WA e AL - —  Rd.

ALTTY

gg0 1050 10 13 12 18 = | =

op0 2L0 200 w00 110 =113 - o

TABLL VI

sion of mean YPT, OF, PFI, Mean Heart Rate, Mean Oxyzen Consumplion and Ventilalion at

TUW and YOW work louds

ATIILETE 1 | ATHLETE 1L
Mean Mean VI e PFEI | Mean Mean, Mean VIl OF PEL
i VO L YE:Lit/ Walue Walue Value | HR min VO R VE Lit/ Yalue Value Valus
fir hr i hr

TRA1] 1455 915 1454 154 | g9 64.9 a0 31.7 11,9 15%
+4.7 +1.2 +13 || 1.2 £0.7 438
75.2 1646 246 11.1 148 | 113 78.0 1600 26.8 S 161
+5.1 + 1.2 418 ‘ +3.3 +0.6 +32
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