RECORDING OF TWELVE-LEAD ECG DURING

By

EXERCISE

SoN. Lor. N. Monan Muran®

Abstract

A wired monitoring system has been
developed which will facilitate continuous
recording of a 12-ead ECG before, during
and after exercise virtually free from inter-
ferences, withthe Electrocardiographer having
the choice to select any of the leads. An
unconventional electrode placement on the
thorax has. been found which pives a multi-
lead ECG identical with that obtained with
the conventional system for varying electrical
axis of the heart. Suoch a record can thus
be easily interpreted using the existing criteria
for evaluation of ECG which beeomes other-
wise difficult with non-standard records.
A lighter and a smaller flpating electrode of
g8 dome shape has been used which
though smaller in size has an effective area
twice that of a circular disc floating electrode
of the same diamcter thus keeping the
inter-electrode impedance low.

Introdsction

The commonly used physical stress in
asscssing cardio-vascular system is the two-
step exercise festdevised by Master. Accord-
ing to this procedure, ECG is recorded afler
the cxercise. Mo continuous monitoring
of ECG during the period of physical stress
is carried oul. Another limitation with the
conventional procedure is the delay in
recording due to the time involved in connect-
ing the patient to the record on completion
of exeicise. Therefore the evidence of

arrhythmias and ischaemia if present during
the exercise, may not be revealed by the
post exercise ECG record.  Continuous
recording of ECG during the exercise thus
provides additional information on  the
physiological state of the myocardium during
stress and hence desirable,

The standard climical eleétrodes and the
lead system (Einthoven) used in electrocardio-
graphy does not give & readable ECG while
the suhject is exercising. Disturbances are
caused by the movement of the surface elec-
trodes over the skin and by the muscle
action potentials originating from contracting
muscles under the area where electrodes have
been placed. Such a record is shown in
Fig. 1. For the stated reasons, special
electrodes and unconventional lead positions
have to be used.

The sites free from muscle movements arc
selected for the purpose of unconventional
lead placement. The records obtained from
these sites were identical with those obtained
[rom the conventional 12 lead ECG for
varying electrical axis of the heart. Such a
record can be easily interpreted using the
cxisting criteria for evaluation of ECG,.
A wired system has been used. With this
system. Maultiple-lead ECG was recorded
on subjects continuously, before, during and
after the exercise (Master two-step test,
hicycle ergometer test and sprinting). Good
racords have been oblained without inter-
ferences.
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(a) Efectrode Techniques

The special electrodes known as floating
electrodes or liquid junction electrodes were
fabricated,  With this type, the metal {Silver-
Silver Chloride) does not come in direct
contact with the, skin, The contact is
made va an electrolytic ‘ bridge’. The
dome shaped Silver-Silver Chloride clec-

trode is fized rigidly in a plastic housing of
the same shape leaving 1 mm, gap belween

the 'edge of the electrode and the rim of the
plastic housing. Bonding compound Tensol
No. & manufactured by LCI. is used as an

R

By this method the electrode is prevenied
from having & dircet contact with the skin
amd yet the electrical contact is established
through the conducting jelly.

The d.c. resistance between a pair of these
electrodes applied to human thorax varies
with the method of preparing skin, the type
ol conducting jelly and the area of the
clectrodes. This d.c. resistance can there-
fore be reduced by incréasing the arca of
the electrode.  But when subjects are exer-
cising, it is desirable to use small electrodes
s they are less restraining.  However, whon
small clectrodes are employed the d.c.
inter-cleetrode resistance becomes very High.
When the valuc of this becomes an appreci-
uble fraction of the input impedance of the

Fig 1. ECG obrained diring Master [wo-step tesi wsing the stamdard clinical electrodes
and e conventional Einthoven Tead syafem.

adhesive for fixing the electrode inside the
plastic housing.  After sticking, the assembly
15 exposed to ultraviolet rays for 30 minutes.
This has been found to be the best technique
for fixing the silver electrode rigidly inside
the plastic dome. The electrode jelly which
is filled in the dome does not chemically
react with the adhesive material used. Elec-
trode jelly is filled inthe dome and the assem-
bly is stuck by means of a double sided
udhesive tape to the appropriate area on
the thorax which is well rubbed with ace-
tone, during the preparation of the subject,

ECG amplifiers, there is a reduction of the
voltage ef the bicelectric cvent fed to the
input -amplifier of the ECG machine and
therefore it results in distortions.

Keeping this m view, unlike the conven-
tional type of circular disc floating  clec-
trodes 10 use, a dame-shaped electrode having
a diameter of 10mm. has been used which
though smaller in size has an effective ares
twice thalt of a cireular disc of the same
diameter thus keeping the inter-elec-
trode d.c. resistance low., The surface area
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of this small electrode is 1505q. mm. and
the d.c. resistance between a pair of applied
electrodes i 4-5 K ohms, This value is
very low as compared to the inpul resistance
of the conunercially available ECG machines
which is about SM ohms. The electrode
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entire myocardial surface, it is necessaty to
use multiple-leads  for recording ECG
throughout the period of stress, as well as
during recovery. For this purpose, the
conventional method of placement of limb
clecirades, fe., RA, LA, LL and RIL was

20 - -
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Flg. 2 Construetionil details of the flouting electeode (dimenstons in nipe).

Fig. 3. Photograph of the floating elecrrode.

assembly weighs 600 mgms. The silver
electrode has been chlorided for electrical
stability. The constructional details and
the photograph of the electrodes fabricated
are shown in Figs. 2 and 3 respectively.

{(b) Lead Placement Techniques

To wbtain maximum diagnostic informa-
tion and to ensure adequate scanning of the

replaced by placing the floating electrodes
at new sites on the chest without jeopardising
the characteristics of ECG records. The sites
selected for the placement of chest clectrodes
were based on the following principles:

{i} Areas should have minimum of
muscle movement during exercise.

(1i) Electrical potential values and wave
forms of all the 12 leads abtaincd
should be the same as those obtain-
ed with the conventional system for
varying electrical axis of the heart.

(iii) The positioning of the electrodes
should not be very critical. Other-
wise placement of the electrode a
little away from the selected posi-
tion will result in the electrode
lying on a different isopotential
line which would result in an ECG
record not similar Lo the conven-
tional one.
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To find a solution to this problem, the
isopotentinl map of the body arising during
vardine activity for five different clectrical
axis of the heart was plotted as shown in
Fig. 4 and studied. Each dotted line in the
diagram represents an electric potential which
Is the same all along the dotted line. No
potentinl differcnce i detected if electrodes

are placed on the same dotted line. The
following six clectrodes placements as shown
in Fig. 5 were investigated to find out il
they actunlly give identical records as the
standard leads with varying electrical axis
of the heart and at the same time remain
free of interferences from muscular move-
ments and muscle action potentials:

Flﬁh'i SEMI- vEATICAL

_ Petartial dieliibutien due fo cardiac octivily

with varging electrical asid af the Reark.
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Fig. 5. Uncomvenifongl muliiple fecul systemy,

System |

clavicles respectively.

2 cm. below the junction of nuddle and lateral thirds of the right and left
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LA
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‘Om the anterior axillary line

half way between the costal
margin ond the erest of left
ilium,

Junction of the right mid clavi-
cular line and the rib cape,

Rame ag System 1,

On the back at the levelof XTI
verlebra 2 em.  lateral to the
sping to the left and right res-
pectively,

Name ag System 1.

2 om, medial Lo the apex of the
leff posterior axillary fold,

Same as System 1,

Same as System 3.

Same as System 2,

2 cm. medial to the apex of the
right pesterior axillary fold.

same as RA but symetrically
placed on the left side.

Shume us System 1.

Sysiem 6
RA
LA } Same as System 5.
o R T 1
TR Same as System 2,

A comparison of the ECG obtained with
the conventions] system and the ¢ uncon-
ventional systems for 5 different clectrical
axis of the hearl was carried out.  Irom these
records, using polar co-ordinate methods
the electrical axis of the heart was plotted.
A comparison of the electrical axis of the
heart thus oblained from standard and un-
conventional lead system is shown in Fig. 6.

Diiscussion

Had the heart been located éxactly in the
centre of thorax and if its normal position
was verlical with devialion to the left or
right, the RA and LA electrodes could be
placed symetrically on cither side of the
thorax at the appropriate isopotential line.
But the position of the heart is towards
the left side of the thomix and ifs normal
variation ix from vertical fo horizontal in
the third quadrant. In view of thal, RA
electrode can bhe pleced 2 cm, below the
junction of the middle and lateral thirds
of the right clavicle which is almost on the
same isopolential fine as the RA for different
clectrical axis of the heart. On account of
the unsymmetrical location of the heart, a

symmetrical location of the LA electrode in

the left clavicular region (shown in systems
1 and 2 of Fig. 5.) (system 1 was adopted by
Robert E. Mason and Ivan Likar of the
Johns Hopkins University, School of Medi-
cine, 11.5.A. and system 2 was adopted by
H. Sasamoto et al. of the Schoolof Medicine,
Keio University, Japan) is not ideal as this
site does not lie on the same isopotential
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fine as the LA for different clectrical axis of
the heart, This is very marked in the inter-
mediate position of the heart when identical
ECG records as obtained with the conven-
tical syslem cannot be obtammed and the
electrical axis derived deviates widely from
that derived from the conventional ECG as
can be seen in Fig. 6. Therefore a  proper
location of the LA clectrodes should be a
little laterally away from this region and the
arcd 2 cm. medial to the apex of the left
posterior axillary fold has been chosen as
shown in systems 3 and 4 of Fig. 5. The
ideal location of the LL electrode would be
on the crest of let ilivm, But during
excreise this mrea is subjected to considernble
movement, Therefore o suitable location
would be on the anterior axillary line
hall way between the crest of ilium and cost-
al margin as shown in systems 1, 3 and 5 of
Fig. 5. The location of this is not, however,
very critical. Another suitable location of
the LL electrode is on the back of ihe level
of the XIT verichra 2 cm, lateral to the spine
to the lefi shown in systems 2, 4 and 6 of
Fig.. 5. FPrecordial electrodes are placed as
per the conventional system.

Next, the potentiz] difference between the
central lerminals of the 6 unconventional
svstems and the Wilson's centrsl terminal
of the cenventional system was measured.
It wax found that the potential difference was
zero between the central terminal of the
unconventional gystem 3 and the Wilson's
central terminal of the conventional system.
With the other systems there was a potential
difference which varied from 0.1 to 0.3 m
volt. Thus the amplitude of the precordial
leads (V,—V Jrecorded with unconventional
system No. 3 were the same as those obtained
with the conventional system. Whereas with
the other uncomventional systems in use,
the amplitudes of the precordial leads
varies as compared to those oblained with
the conventipnal system.,

(e) dpplication of Efectrodes and Connection
to the ECG Machine:

The area of skin where electrodes are
fixed are prepared in the standard manner,
This ensures minimum skin  resistance.
Electrode jelly is filled in the electrode
dome and the assembly is stuck firmly to the
site. by means of a double sided adhesive
tape as mentioned earlier, This arrange-
ment holds the electrode firmly to the skin
and makes it water tight, The D.C. resist
ance measured between a pair of attached
electrodes ranged from 4 to 5 K ohms, If
the skin is not prepared properly the resist-
ance will be very high. The cables which
are plugged to the electrodes are guided
along the chest towards the left side of the
waist and plugged to the socket of the
imcoming cables from the junction box
which has a selector switch (o facilitale
selection of the precordial leads Vi—V,
A rubber band is tied around the waist to
keep in position the plug and socket. The
five leads of the patient cable of the ECG

Fig, 7
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machine are plugged into the appropriate
output jackets of the junction box. The
photograph of a subject with electrodes
attached is shown in Fig. 7. Fig. 8 shows

Fig. 8

the junction box which facilitates select 1o
of the precordial leads. Fig. 9 shows a
subject performing the Master step-test with
the developed system plugged to the ECG
machine,

Resulfs

With the above developed system, multi-
lead ECG was recorded during Master two-
step test, bicycle ergometer test and sprinting.
Records of very good quality were obtained
as shown in Fig. 10.
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