Vectorcardiographic Changes in Hypoxic Environment
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VR(JTURL‘MRDI(}UR:\PH 1C (VEG) studies
were mode on 15 normal bealthy adulis under short
duration mwoderate hypoxia in an altitnde chambe
at asimulated alvitude of 15,000 feer, QRS maximum
veetor magnitude showed a significant dimninution
(P<0.001) oo immediee ascentand partial recovery
alter a stay of 30 minutes.  The magnitude 1acreased
Leyond the ground level values on switching on 1o 100
pereent oxypen breathing,  Oslentation of the maxi-
munm vector did not show any spnilican changes. The
changes observed conld be relared to known cireula-
tory adjustment: under hypexia, Thus VUG may be
wied in determining hypoxic response in & normal
ndividual and be helpful in assessment of cases with
cardiovaseular abnormalites,

Titroduction

Several studies have been reported on changes
in ¢lectrocardiopram associated with acure exposure
to moderate hypoxia, In some studies, healihy in-
dividuals were acutely exposed to aliwde ard changes
in ECG and other parameters were correlaied with
possible cardiae dysfuncion’. Io others, Dvpoxia
has been used as a stress in comhination with exer-
cise o unmusk ECG abnormalities for evalnation
of cases of izchacinic heavt disease 1% Insuch
studies, many horderline ECG changes ofien presert
difliculties in interpreétation as 1o the underlving
pathophvsiologic cause. ECG provides the insight
into elecrro-physiologival status of the heart which
acts like w current generator inside the chosn Ttis
well known that the magnilude as well as the
wavelorm patiorn, as recorded from the body surface
electrodes, depend not only on the corrent generator
but also on the nature of the copducting medinm

which is likely (o change under dynamic conditinns,
positions and their  proper  weightuge
when wvalume  conduction iy

Electrode
dasyurpe  unpociance

invalved ina heterogenous wedium,

Short duration  moderate  hyposia  leads 1o
{::4."15:_“:1 liutulud‘fl’lﬂtnii' :|r1d rr'.!]'rir.'llnr'_v' E'.]"IHT'IE‘.'H
which invalve hoth the currenl generator a8 well ag
the conducting  medinm Thus the ielormation
pbtained from standard 120ead BOG mighe be los
revealing of these changes which could be improved by
vectorcardiographic (VOG) smdies,  VOG provides
a comprehensive theee dimensional approach o the
analysis with the veerar concept as its multiple lead
systemn with proper weighrage i based on sound
biophysical principle,  With this in view, VYOG
studies have been conducted under short duration
moderate hypoxin iua Decompression Chamber in
healthy sithjects and possible reasons for changes in
VG findings have been discussed,

Marerial aod Methods

Instrumentation:  Light elecreades were applied
to suhject 1a a standard Fraok lead conbguration.
Floating clectrodes were used 1o minimise disturbance
due Lo muscle tremaors and  care was laken o prepare
the skin adeguately by ‘cleaning. The resistor
petwork propessd by Frank was wtilised 1o correct
the distortion of the vardiac dipole [leld that is due
t the shape of torso and tho eccentrie location of
heart in the chest. The network outputis theoreti-
cully proportional 1o the orthoponal cowponents of
the cardiac dipole.

Exvperiment: Filteen adult healthy male subjects
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were taken up for this study., Each subject was
recorded ar ground level while sitting ar rest inside
a Decompression Chamber., The chamber was then
raised quickly tooa simulared  altitnde of 15,000 feer,
Records were taken nmmediately alier reaching the
altitude and alter & stay ol 30 minutes while the
stbject was breathing rarefied air all the time, He
was then given 1OU percent oxygen to breathe and
another record was ohiained, before bringing him
lack to the ground level. All recordings were made
al end-expiration o eliminate cesmratory arlefact,

Hesults

Maximum QRS vector (QRS,,,,) magnitude and
orientation in frontal, left sagittal  and heorizontal
planes were studied  and  apalysed (Fig, 1), On
exposure to altitude, QRS . magnitude appreciably
diminished in size compared to that of ground level

It rocovered tooa larpe extent aller a stay

values,

of 30 minutes at the altrude.  However, its orienta-
tion did not show any appreciable change, The
statistical data iz given in Tables I and II. The

decrense in magnitude that occurved on immediae
ageent 1o altitude und the sulbwequent recovery after
80 minutes was found to be highly significant in all
the three planes. U'he data is given in Tables 111
and 1V. On breathing 100 percent oxygen the
magnitude of QRS... inercased further, often be-
coming bigger than ground level value which is
given in Table I

TABLLE T

Mean and s.d. af changes in QRS magnsilude
ar Ground Level (GLY, onascent to altitude (0 mt),
afier 3t mr. af sray ar altitude (30 mis) and afier ad-
niinfeterime 100", oxygen (G:).

Plane GL ¢ mt 30 [+ 8
, Mean  1.55 1,32 47 1:65
Eronta 5., p57 035 086 067
tral MMean 1.5 1.54 .44 .52
gl sd: 0.64 065 060 0.44
T : Mean I.449 1,25 1.39 1.58
VARBYRERE. o 0.52 0.53 052 0.37

TAELE TT

Mean and 5.d. of changes in (RS, orfentation
at GLoand wf altitede 0 me, 30 mey and afier ed-
minisrering 1005, exygen (f5).

PMane GEo faal 30wl Oy
Frontal Mean s L1s L g 47
sl b4 5 12" 147

s Mean 196 129 194¢ 136
el i s.d, Ay CRE ) S
I P Meun A3 RREH KTH A
T sl [+ 16~ a2 17

TABLE ITI
Mean difference, " valves and sfenificarce o f the
clianges o F maximun GRS voctor magnitude.

Plane Mewn ol Ui e Snilicance
Frantal
Gl —U me —{1.21 4.20 p=0.001
0 mt—30 mt Rl 4,43 == L {HH
Seowitiad
GL—0 mt -10.22 5,93 p-= 0,001
0 mit—30 it -, L0 4,50 = .00
Transverse
GL—0 it —0.23 &.5% pre=0.001
{} mt—30 me N Gl pe0,00]

TARBLE 1V

Mean difference, *r' values and significance of the
changes in orientation of the maxinnan QRS vector,

Plune Mean dill’ ‘' values Significunce

Fromeal

GL—0 mt e 1.21 M5

0 mi—30 mt 119 NS
Raeiifal

GIL—0 it G.90 .02 MNE

0 mt—"50 mt - 081 .71 E
Transeerse

Ll 0 mt 2.87 0,74 M5

0 i — 30 mt 4ok 1.13 N5
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Vectorcardiograms  in 3 planes of 8 subject recorded at ground fevel and at simulated altitode of 15000 ft in &
Decompression Chamber immediately after ascent [0 mt), after 30 mis and atter giving 100 percent waygen [axyl The
effects of hypoxia and oxygen can ba sean In the size of the vector lowps and the maximum QRS vectar magnitude



Discussion

Changes in ECG have been commonly obscrved
hy many workers on exposure to altitude, These are
described as clockwise rotation of the hzart and right
axis deviation 12 and have been related o hyper-
ventilation with the
diaphragm and right ventricular overload due (o
pulmonary  vasoconstriction induced by hypoxia ar
ultitude. The degree of right axis deviation has
heen fonnd 1o bhe proportional to the altitude
reached® and the duration of stay. HMHowever, on
immediate exposure 1o hypoxia any change in
clectrical axty and rotutivn of the heart should lead

gwpciated  lower position  of

to simultancous changes in cardine vector in mulual-
ly perpendicular plancs 1 ¢, increase in ane associated
with o decrease in another, This was no
b the VOG Andings. On
ascent to altitude the magnitude of QRS was
noted to e reduced in all the three planes along
with minor changes in oricnation.  The change in
orientation was found to be statistically * not signi-
ficant.”

Touncd 1o

case with inmnediate

Such chanpes, on rhe other hand, ecould be
reluted to the alteration of the resistivity of the
thorax or the conductivity of the medinm. In
second manned  Skylab Mission under subgravity
condition, a statistically significant increase o
RS magnimde was noted in all the erewmen!'”
and this was related 1o the centripetal shift of Hud
during weightlessness, Hypobaric hypoxia leads to
inereascd  pulmonary  wascolar resistance therchy
diverting some bhlood 1o the periphery at the initial
gtape and amociated reduction in conductivity of
the thorax, This can explain the reduction in the
magnitude of max (RS vector on immediate ascent
Hacmodynamic stucies have shown that hvpoexia
leads to an increase in cardiac owpar, On
iunnediate  exposure  this is most  allected by an
increase in heart rate® withour any change in
strake velume., Unchanged strake volume, despite
the change in the left veniricular filling pressure,
implies increased lelt  wventricular  contraceiliry,
Augmentation of mvecardial contraetility may be
due o increased heart rate or sympathetic nervous
system  stimulation'® both of which occur doring
systemie hypoxia, As the exposure to hypoxia con-
tinued, a partial recovery of the magnitude of

RS, has been observed in all cazes, This may
be explained by rwo factors. Firsitly, it could be
dueiv g change in intracavity blood volume. It has

been nbzerved that cardiac output remains elevated!®

4+

thoush the heart rate pradually falls towards restings
level from initial rise found on immediate exposure
to hypoxia, This must beassocisted with an inceease
in stroke wvolume and a larger intracavity  blood
mass. Brody? prodicted that an increase in intra-
cavity hlood would avgment patentials from radially
vrienled cardine dipole and allennuate Lhose liom
tangentially  ariented dipales.  Sinee the radially
ariented dipales have the most marked intluence on
the (IRS veclor, the net ellecl of increased dissiolie
volume wonld then lead o inereased magnitade of
RS, Millard et al'! using a serics ol physia.
logical interventions in experimental animals, have
vonlirmed the validity of Brody ellect.  Secomdly, the
change in the magnitude of QRS could ba allecred
by altecation in the resistivity of the thorox.  Haeo-
o animalg* shown  thad
hypoxia leads to o sigonilicant incvease in pulmon-
ary  blood  velume when  the cxposure §5 con-
tinued,  Thus, the volume al bland in the lungs
inereases ar a time when the capacity ol pulnon-
ary vascular bed may be descreasing sccondary
to vasocaonatriction,  This  seemingly  paradoxical
pair ol responses, i.e. increased pulmonary blood
volume as well as mean pulmonary arterial pres-
may he one of the aetiological [(actors in
the generation of high alutude pulmonary cedema
Meloly 0 SBaliz et al'™  have demonstrated  that
the inerease in pulwonary blood wolume oecurs
within tew minutes of exposure to altilude, with a
secondary shilt af hlocd from the peripheral to the
cenral cirenlation,  Recovery of (RS, magnitude
shortly atier level.oll at altitude ay observed in the
VOG could be related to this change,  While sindy-
ing the effzcr of hypoxia at 3658 melers in normal
man® no significant change was observed in ventri-
cular functions within 0 ro 8 hours after arrival to
altitude, FCG, phonocardiogram, carotid pulsa-
tion, impedance cardiogram, systolic time interval,
ejection time and other cardiae indices were recorded
in this study. Changes were obscrved only after 8
hotirs pointing to possible left ventricular dyslunction
in addition to local changes in the pulmonary
vessels,

dynamic studics have

Jurc

Breathing 100 percent oxygen by a hypoxic
individual leads to pulmonary vasadilatation? and
further increaze in the hlood wvolume in the thorax.
VUG showed an appropriate increase in the magni-
tude of” QRS ... which conld be related to increased
hload valumas and fall in the electrical resistivity,
Paradoxical ellect of vxygen on performing hypoxic
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individual has been reported?. This phenomenan
has no clrar explanation, although several lactors
are probably invelved’., Temperary arterial hypo-
tension, possibly maimly from vasedilatation, can
follow sudden restorarion of pure oxygen to hypoxic
individual. O=zygen induced constriction of cerebral
arteries, possibly already affected by hypocapnoca
associated wilh hypoxia, decreased air deasity and
anxiety have heen implicated, Coupled with hypoxia
ol more rapid onset in an individual perfonming wiork,
hypotension and  cerebral arterial constriciion would
then markedly aggravate the eflect in the early
‘recovery period.”  Changes in o maximum  ORS
veetor magnitude could andicare the tendency of
pulmenary vasndilatation associated with increasiog
central blood volume due to peripheral vasoconstric-
tion effest with 100 percent  oxygen breathing
following expoaure to hypoxia.

Conelusion

VG studies have indicated certain changes in
maximum (RS veetor magnitude on short duration
hypoxia in healthy adulis which could be explained
and carrelated with known cardiovasenlar adjustment
to hypoxic srress,  These lindings may provide
additional inlormation besides that obtained from
standard BECG and be helpful not enly to study the
response Lo bypoxia in a healthy subject, but also
in the assessment of cases with cardiovascular abner-
malities. MHowever, the number of subjects in the
present group is small and as similar studies have not
been reparted in literature, further investigations are
indicated and the present study is being extended
lurther,
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