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DIAGNOSTIC METHODS

ALTERNATIVE TO Q WAVE DIAGNOSIS USING CARDIAC ACTION POTENTIAL PROPAGATION TIME

MEASUREMENT

Ananthi S.1, Vignesh V.1, Padmanabhan K.?

The diagnosis of myocardial infarction is done by ECG through the observation of Q
waves in one or more leads. The paper describes the relationship between Q waves
and the propagation time of the Cardiac Action potential and a technique by which
this time of propagation itself can be measured. Rather than observing the Q wave
pathology in its very small peak of the total QRS complex, a more refined method is
thus made available for continuous patient observation. This propagation time rises
from 15 ms to 35 ms or more in progressive pathological conditions. A simulation
has been done which illustrates how the Q wave is generated from the travelling
action potential wave in the ventricle. The authors have utilized the easy to use novel
EPIC Microelectrodes from Plessey Electronics, which are jelly free and provide easy
attachment by simple skin contact. Multiple sensors were placed on the chest and
the propagation time was measured by differential voltages between them. An
embedded controller was used to pick these signals in digitized form and calculate
the time intervals. The measurement procedure is simple and highly non invasive.
Records from outpatients with cardiac pathology were taken and it was verified that
this AP time increases with the Q wave width. This AP propagation time is a more
refined method of observing pathological changes than the Q wave, since
progressive changes in cardiac condition can be indicated by changes in the
millisecond values. It has been verified that the values match with to the usual Q
wave width timings.
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AJIBTEPHATUBA OUATHOCTUKE Q-BOJIHbI C UCMOJIb3OBAHUEM USMEPEHUHA BPEMEHU

PACMPOCTPAHEHUA CEPAE4YHOIO NOTEHUWAJIA

Ananthi S., Vignesh V., Padmanabhan K.

[varHocTuka uHobapkTa Minokapaa npoBoamTcs ¢ nomouibio KT yepes Habio-
neHns Q-BoHbl B OAHOM mnu Bonee oTBeAeHWsiX. PaccMoTpeHa B3avMOCBSI3b
mMexay Q-BonHamu 1 BpPEMeHeM pacnpoCTPaHeHust CepAeyHOro moTeHuuana
1 METOJ, C NMOMOLLbIO KOTOPOro 3TO PacnpoCTpaHeHne MOXET OblTb N3MEPEHO.
BmecTo Toro 4tobbl HabnoaaTb natonormio Q-BoNiHbI B €6 Camoii ManeHbKoi
TOYKe BO3BbILLEHWSt BO BCeM komnnekce QRS, ctaHOBMTCA [OCTYnHbIM Gonee
COBPEMEHHbI METOA, 411 HENPEPBLIBHOIO HAbN0AEHNS 3a NALUMEHTOM. ITO BpeMS
pacnpocTtpaHeHusi nogHuMaeTcs ot 15 mc go 35 mc unv Gonee npw pas3suBaio-
LUYMXCS MaTONOrNYeckmnx cocTosHusX. CoBepLueHHOe MOoAEeNMpoBaHne nokasaxo,
KkaKk Q-BOsHa reHepvpyetcs n3 Gnyxaalollero noTeHupana AenCTBUsS BOJSHbI
B Xenynoyke. ABTOPbI MCNOMb30Bany NPOCTON B MCMONb30BAHNN COBPEMEHHbIN
EPIC mukpoanekTpon npoussoactsa Plessey Electronics, koTopbiii He TpebyeT
nybpukatopa 1 obecneymBaeT nerkoe KpenneHue nytem MpOCTOro KOHTakTa
€ Koxeii. MHOro4McneHHble AaT4yvkm G pa3MeLLeHbl HA FPYAY U BPEMS NPOXO-
XOEHUS M3MEPSNOCh C NOMOLBLI0 AMPHEPEHLMANBHOTO HAMPSXEHUS Mexay
HUMU. BCTPOEHHBbI KOHTPONNEP MCMOoMb30Bancs, YToObl GUKCMPOBATL 3TN CUT-
Hanbl B UM(POBOM BULE Y BLIYMCASATL MHTEPBAbI BpEMEHM. Mpoleaypa namepe-

The recording of ECG in cardiac care uses the exter-
nally placed electrode differential potentials. The heart’s
ventricular contraction is due to the conducting nerve
impulse from the Atrio Ventricular node to the entire ven-
tricular volume. This internal potential is known as the
“Action Potential” (AP) [1] and this propagates through
the ventricle in each heart beat. It has a sharp rise (<20ms),
a plateau period (0,4-0,6s) and a droop time (0,2-0,4 s)
back to the resting potential and is about 100 mV is ampli-
tude.

HUSl MPOCTa 1 BeCbMa HEUHBA3WBHas. Bblin MCMob30BaHbl 3anucu ambynaTop-
HbIX GOJIbHBIX C KapAvanbHOW NaToaormeit v BbIICHUIOCh, YTO 3TOT MOTeHUMan
[eCTBUS BO3pacTaeT C LUMPWMHOW Q-BOMHbI. JTOT METOA PacnpoCTPaHeHust
noteHumana AewcTBus sBNSeTCS Hanbonee ycOBEPLUEHCTBOBAHHbIM METOAOM
HabMoeHUs NaTONOrMYECKUX N3MEHEHN Q-BOMHbI, MOCKOJBbKY MPOrpecCUBHbIE
M3MEHEHNS B COCTOSIHUM KapAMOnornyeckoro 60bHOro MoryT GbiTb OTMEYEHbI
nyTeM U3MEHEHWSI 3HAYEHUS MUSIIMCEKYHA. BbINO NPOBEPEHO, YTO MONYYEHHbIE
3HA4YeHUs COBMafaloT C 0ObIYHON WUPWHOM Q-BOMHBI.

Poccuiickuii kapauonoruyeckuii xypHian 2016, 4 (132), Aurn.: 179-186
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KnioueBblie cnoBa: 3KI, noteHuvan peiictausi, Q-BonHa, Bpemsi pacnpocTpaHe-
HVS NOTeHUmana aencTems, aatyimk EPIC.
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Time measurements on a full ECG of a heartbeat have
been made in several ways and even automatic analysis of
variations attempted [2]. However, what we deal with in
this paper is the time of AP propagation, which is initiating
the compression of the ventricle.

The effect of a traveling wave of this action potential is
seen as the familiar ECG waveform. In it, the QRS com-
plex is a representation of the rising AP. Several models for
QRS complex estimation have also been reported as signal
processing exercises [3].
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The propagation of the action potential impulse
through the ventricle is via nexus or gap junctions [1, 4]
and the specific subcellular distribution of the gap junc-
tions packed by rod shaped cardio myocytes causes con-
tinuous conduction [5]. In a pathological condition, the
substrate associated with Myocardial infarction (MI)
contains islands of surviving myocardium interconnected
by narrowed strands with reduced coupling through nexus
junctions. In diseased heart, structural non homogeneities
are present [6] which cause delay in the AP Propagation.
Assessment of myocardial injury is indicated by the exter-
nal ECG waveforms through Q wave changes (Figure 1), T
wave abnormality, ST deviation present long after a MI
and so on. Myocardial infarction recognized through just
ST elevation (STEMI) is not very decisive in assessing M1
and methods of vector cardiography alone could detect
delays in AP propagation [7].

Q waves with amplitude more than one fourth of the R
wave in Einthoven and Wilson leads are taken as patholog-
ical. It is stated [8] that patients with Q wave MI had worse
prognosis compared to those without Q wave MI and
hence warrant a closer follow up. The presently observed Q
wave diagnosis relies on the small segment within 1 to 2
squares in the ECG record (Figure 1). Time measurements
based on the width and half height of the Q wave vary from
15 to 35 or even 40 ms in MI. It is stated that a mere pres-
ence or absence of a Q wave greater than 30 ms in duration
may lead to “correct” diagnosis of infarction or not in 79%
of trials.

The genesis of the Q wave has been simulated as due to
the propagation delay of the cardiac action potential wave.
Any interim delay in the ventricular fibers will cause a Q
wave to appear on the externally recorded ECG electrodes.
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Figure 1. Q waves in a ECG record is significant in myocardial pathology.
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Figure 2. Showing the waveforms in the Ventricular fibers reaching the electrodes
on the body surface.

This fact has been verified by simulating a propagating
action potential wave and its effect on the voltages picked
from the chest electrodes.

In Q wave patients, the presence of MI certainly causes
local delay in the AP propagation and hence the time course
of its propagation is a vital diagnostic aid in cardiac care.

At higher heart rates, the AP propagation time was not
found by our measurements to decrease. Since it depends
only on the anatomy of the ventricular fibers, MI causes
AP delay which is almost the same even at higher heart
rates. But, because of conduction contraction coupling,
[9] fibrillation will set in with MI and high rates. A slow
conducting segment will contract incongruously with the
rest of the myofibers, leading to fibrillation. The AP prop-
agation time measurement and its continuous trend obser-
vation will help a long way to avert events.

The paper is arranged as follows. The second section
describes about our novel synchronous multiple lead
recording. The third section describes the measurement
circuitry using a PIC microcontroller on an LCD display.
The fourth section provides some verification results. The
conclusion states the points of importance and the useful-
ness of the technique for cardiology work.

Material and methods

A. Simulating Q waves from Action Potential waves

In order to correlate the AP Time of propagation with
the Q wave, an useful analysis was made in MATLAB.
Figure 2 shows the torso and the typical electrode points
from where the signal waves are picked up.

The action potential waveform has the following
parameters:

1. Initial rise time t (Mainly membrane dependent —
Capacitance)

2. Resting potential p, (Depends on external Sodium
Concentration)

3. Peak potential p, (Depends on Potassium concen-
tration inside to outside ratio)

4. Peak time t (Depends on membrane recovery
time for K" efflux)

5. Exponent decay of repolarization t  (Calcium
membrane recovery rate)

6. Calcium conducting time t s (Amount of Ca ions in
external fluid).

For instance, the data [40 -3085203500.25] indicates
tr=40ms, pr=—30mV, pl1=80mYV and so on for a typical
action potential waveform.

The two waveforms at locations A and B are slightly
different because:

I) The action potentials are locally generated signals in
the cardiac fibers. There might be slight differences in the
ionic concentrations locally. Therefore, the potentials dif-
fer.

II) The plateau period of the A.P. is dependent on
Calcium concentration and also on the rate of contraction
of that fiber. The distal fibers have shorter plateau period

p (ms)
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Figure 3. The action potentials waves at the two points A and B.
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Figure 5. A Q wave is seen when the first parameter is changed forAP2.

and so the wave of A.P. at B restores to resting potential
quicker.

III) The action potential wave is electro-tonically
conducted from A to B. The rise of the A.P. at A is trigger-
ing the immediate fiber; this raises the threshold of mem-
brane conductance change and at this immediately next
fiber. That elicits an A.P. in that next fiber. In this manner,
the entire path of fibrous tissue from point A to point B is
triggered one after another. A time is taken for this and
hence the start of the A.P. at B is delayed by the time taken
for the electro-tonic conduction. There is a delay between
the two waveforms shown at A and B.

Now let us assume that the voltage externally picked at
electrode point 1 on the far away body surface is propor-
tional to the voltage to the point A inside and that the
voltage picked at body surface electrode point 2 is propor-
tional to the voltage at point B inside.

It is true that the signal at 1 is not only due to that at A
but also to that at B. However, because 1 is near to A, we
get a better contribution from A than from B.
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Figure 4.This is a typical ECG wave as usually seen in Lead | for normal heart.
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Figure 6 and b. The left figures shows the AP waves at the sequential segments
on the path A-B. The right figures deduce the ECG from the electrode voltages 1,2.
Three delay values are assumed.

Thus, we can write

e,—e =Ge,—Ge, (2.1)

The G’s are the conductance’s of tissue in between the
body surface and points A, B. Points 1 and 2 are going to
the amplifier inputs, which is a differential amplifier (Fig-
ure 3).

The subtracted waveform will be of the shape of the
usual ECG between lead terminals 1, 2 (Figure 4).

There is no significant Q wave in the above Figure 4.

Rise time change en-route causes Q wave

A look at the simulated wave in figure below (Figure 5)
is a clear example ECG (though sketchy) having a Q wave.
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Figure 7. The use of multiple differential amplifiers along with EPIC electrodes 1 to 6 for transit time measurement.
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Its peak value is 40-45% of the R wave and hence is a
pathology simulation. Let us now put down the simulation
parameters, which gave rise to this figure.

Parameter for AP1 = ([40 -3085203500.25]);

Parameter for AP2 = ([20 -3085203800.21]);

Delay = 7 ms for AP2

Suppose we are to record ECG from a set of five elec-
trodes placed on the chest from right to left, somewhat at
equal distances. The five Action potential waves are
assumed to have delays at the five segments on the path
along the ventricular tissue as shown in Figure 6a. Con-
ductance values are assumed from the segment sites to the
electrode positions. The Figure 6b shows this waveform,
with the Q wave in it. As the delay increases, the Q wave
width and depth both increase. This indicates how the AP
propagation time is a more realistic measurement than the
very small looking Q wave in the usual ECG records.

B. Simultaneous multiple electrode recording

So, if we have to measure the delay in propagation time
over the entire ventricle, multiple electrodes must be
placed on the chest wall and the difference voltages
between them will show the time of propagation by the
positions of the R wave peaks. For this purpose, all wave-
forms must be obtained from the same heartbeat, i.e.,
simultaneously. If we have to find out the said propagation
time in one single beat, it will require multiple differential
amplifiers (Figure 7). The outputs of these may then be
compared by the time instants of the QRS peaks to recog-
nize how the wave is propagating and initiating the action
potentials through the ventricle.

We now describe the Synchronous Recording tech-
nique for measuring the time of propagation of the AP. To
cite a previous reference, single action potential records
from in vitro cardiac Purkinje fibers from sheep have been
displayed with digital electronic circuitry [10] and the
maximum rate of rise of the AP has been measured by
McGillvray et al [11], but so far, non invasively, AP prop-
agation time has not been measured with any instrument.
This AP propagation time in a heartbeat in only between
15 to 20 milliseconds in the normal heart, while significant
increase is related to conduction disturbances in the heart
chamber due to infarction.

The electrode system for the purpose is also very sim-
ple, with six electrodes spread on the chest similar to the V
leads and the 5 differential voltages are used to determine
this time. The pathological Q waves in the ECG are the
most often looked at patterns by the cardiologist. The
increase in amplitude and width of this Q wave is associ-
ated with infarct tissue. The Q wave, as is being observed in
standard ECG records, occupies just 1-2 mm of space
horizontally and about 15mm vertically. When it is required
to check for improving heart conditions after a pathologi-
cal Q wave, the same has to be carefully observed for very
small changes in the width of it, which is after all, only 1 to
2mm in the record. Thus, any improvement in the heart
with drugs for blood thinning etc., cannot be noticed eas-

ily. Since the Q wave is dependent only on the propagation
time of the AP, it is much more useful if one could read the
beat to beat propagation time. Changes from 30 ms little
by little, down to 25 ms, as the heart recovers, could be
observed. This is useful to understand the efficacy of drugs
administered in the care unit. An instrument of this kind
has not been described or manufactured for cardiac care so
far.

Usually, ECG waveforms for the Leads 1-3, the Auxil-
iary leads and the precordial leads are taken independently.
Though these waveforms do not pertain to one and the
same heart beat, the recorded waves indicate the pathology
because there are not such fast changes in the beat to beat
waveforms. The current ECG technique of recording with
ECG Recording apparatus does not use simultaneous
recording.

When we arrange all the V lead electrodes all at once on
the chest and record the waveforms differentially from the
sets of leads, we are able to do a synchronous recording.
Such a recording from several leads is able to indicate the
propagation of the R wave from one set of electrodes to
another. Since the sharp rising R wave on the external skin
electrode coincides with the first rise of the intracellular
action potential, we could follow the propagation of the
AP through the ventricle. By measuring the time differ-
ence between the R waves in the first and the last elec-
trode, the propagation time is found. The value of this time
is displayed directly in milliseconds, once in every two
beats.

If the propagation of the AP is smooth and uniform
throughout the ventricle with the same speed, then the
time of propagation is not more than 15ms. In pathologi-
cal cases, where there are conductance disturbances
brought about by tissue damage, there is a local slowing
down of the rise time of the AP in the damaged fibers and
hence the overall time increases. In the case of patients
with Right Bundle Branch Block (RBB), the time increases
to more than 30 ms.

Q waves with amplitude more than 1/4th of the QR
amplitude and wider than 15ms appear when there is such
delay in the AP propagation. Diagnosis presently relies
more on the Q wave, as seen in its small graph. The AP
transit time is a more realistic approach to such diagnosis.

The AP waveform is not exactly the same in all the
fibers throughout the ventricle. The inner fibers from
where the wave propagates have a longer plateau period. As
the wave progresses into the ventricular tissue, the main
variations in the AP are in the plateau period and the
depolarization time. These variations affect the ST seg-
ment slope and the T wave. Simultaneous recording from
all electrodes can elicit information about the place of
such conditions which cause a drooping T wave and hence
an ST elevation.

If the propagation does not meet with infarct tissue,
then the time between the electrodes is uniformly increas-
ing; otherwise, a sudden increase of time between R waves
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of two adjacent electrodes indicates pathological problem
local to these electrodes. Thus, where the time exceeds
nominal 20 ms values, it is necessary to note the timings
between all the electrode pairs, 1-2, 2-3, 3-4, 4-5, 5-6.

Then the differential voltages from these electrodes in
the order 1-2, 2-3, 3-4, etc., were taken and observed on a
multiple channel Agilent make digital storage oscillo-
scope. It was by taking the recorded digital values form it
through its USB to the computer laptop and through Mat-
lab programs, that we could get the displays and enumerate
the time between the several wave peaks of QRS as well as
the time course of propagation of the action potential from
right side to the left side of the heart.

It was very soon realized that it would be more useful if
an on-line continuous indication of the time course of
action potential through the heart in several sections from
right to left could be provided as an adjunct to the actual
ECG wave records.

In a heart with a RBB, the time is slow initially but
further to the bundle branches, the AP propagation is very
fast. In other words, by looking at these intermediate tim-
ings, it is possible to assess where the pathological problem
of ischemic tissue or infarct area is likely to be and what
could be the artery on the heart that might have led to this
condition.

C. Electrode set up for the Measurement

Electrodes and pre-amplifiers for ECG have long been
under development to provide patient comfortable signal
acquisition. For instance, a ground-free multichannel
amplifier with a simple 2 electrode bio-amplifier is
described in [12].

Plessey Microelectronics has brought out sensor elec-
trodes for use as ECG electrodes recently [13]. These
electrodes do not need the presently employed contact
resistance reducing jelly. Such a jelly is usually applied to
ECG electrodes on the skin. This sensor (Figure 8) cou-
ples the signal capacitively and hence a mere placement on
the skin surface firmly is sufficient without any applied
jelly. Jelly pastes applied to skin lower the contact resist-
ance very much and lead to the possibility of electric shock
in case of faults in monitoring apparatus connected to the
care patient. Because the Plessey electrodes use capacitive
coupling, they are high impedance contacts and are free
from such electric shock. Further, the Plessey electrode is
not just a contacting metal plate like the present ECG
electrodes. This is actually an integrated circuit chip
directly held on the skin and includes the pre-amplifier
with its high input impedance and high common mode
rejection ratio built into it. Thus, with these Plessey elec-
trodes, it is much easier to pick the ECG signal and
amplify it further with a simple differential amplifier.
Instead of special FET input balanced circuits at the input
end, an ordinary OPAMP suffices because the output
impedance of the EPIC sensor is low.

Yet another usefulness of these electrodes is that several
chips can be closely kept on the skin, as is done for taking
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Figure 8. Plessey “EPIC” Capacitive ECG Micro Electrode and its internal schematic
diagram.
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Figure 9. Showing a patient Action potential propagation by means of three
differential electrode voltages from right to left. This is a case of slight ST elevation
with a time of 15 ms.

V-lead signals. With jelly contact, there will be jelly
spreading, causing a short circuit if electrodes are closely
spaced on the chest skin. Further, as no jelly at all is
required here, we need not prepare the surface of the skin
before placing the electrodes.

We could place several electrodes all at the same time
and the simultaneous ECG records from all of them could
be taken.

By using several electrodes spread on the chest from
right to left, similar to the V leads though not exactly at the
specific locations for V leads, we were able to record the
ECG signals differentially. At first we employed a multi
channel Digital Storage Scope for the purpose which was
adjusted to take 5 Kilosamples of data on all channels per
second so that the fine tips of the R wave could be col-
lected. The DSO data was collected through its USB sup-
port and transferred to a laptop computer running Matlab
2012.

From Q wave observations, small changes in pathology
cannot be inferred; but with this time measurement, which
will change slowly in a progressively deteriorating or con-
valescing heart, the same can be measured with an accu-
racy of 0,1 ms.

For illustration, two such graphs are shown below. The
first one is that of a patient with mild ST elevation and the
time of APP is indicated as 15ms (Figure 9).

As another illustration, the Figure 10 gives a 35 ms
delay for the patient who has noted Q wave. The three
graphs shown pertain to the three leads from right to left of
the chest. It may be noted that the half width of the Q wave
is also of the same time as the Time of Action potential
Propagation.
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Figure 10. This figure is that of a heart with Q wave pathology (NSTEMI) and shows
35 ms delay.

Figure 11. The instrument shows the time of APP. Electrodes to chest are taken
from connectors on the left and the amplified signals can be taken for observation
from the sockets “ECG Signals”. The Digital Storage scope shows the waveforms.
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Figure 12. The use of an embedded controller could display the propagation
timings.

D. Measurment and on line continuous display of action
potential propagation time

Figure 11 shows the instrument as such. The signals
from five such sensor pads are connected to four opera-
tional amplifiers for differential amplification (Figure 12).
Thus, we obtain four signals, with an amplification of 500
for each. These signals are connected to a four channel
digital scope. Further, these signals are also connected to
the analog to-digital converters on the PICI8F2550
microcontroller. The ADCs in it can be operated at 50
microsecond per sample. The values of the four channels
are processed by the embedded controller to determine the
QRS peak of each of the signals. To eliminate the effect of
base line drift, in addition to finding the peak of the signal,
the first derivative of the signal is also found between suc-
cessive samples and the maximum point of the derivative is
also found for all the four signals. If the two timings, viz.,

Table 1
The flow chart of the program
with the embedded microcontroller

Initialize Chip, Timers,
LCD and USB

v

Read the amplifier signals one by
one from the four ADC Channels

Y

Have registers to store the peak
value of each of the signals, even
as the samples are taken

Y

Before the second peaks occur;
find the differences in the sample
numbers of the peak values

Calculate Heart Rate
from peak to peak

timings
Display Rate as well as

Total Propagation Time
Z |

N

Convert to milliseconds and
Display intermediate timings

A 4

‘Wait for display 1 second
7

Table 2
Some clinical tests on cardiac patients

Pathology as per ECG of patients ~ No. of patients examined APP TIME
T- inversion 4 10-15ms
RBB with Mild Q 7 30-40 ms
RBB without Q 15 20-25 ms
STEMI 7 25-30 ms
NSTEMI 5 30-45ms

the time of the recognized peak and the time of the maxi-
mum rate of change coincide, then the readings are
assessed to be correct and the time differences between the
signals are calculated based on the sampling rate. These
are the three time values which are displayed on line in the
LCD alphanumeric display connected to the embedded
controller circuit. The display is updated every five seconds
and hence changes in the timings, if found to be progres-
sively increasing or improving, can be used for diagnosis of
the condition of the heart.

The program for the PIC18F2550 to perform this task
and provide an on line display of the propagation was
developed using the the powerful OSHON simulator for
PIC18 Series [15]. The flow chart of the program is shown
in table I.

It is normally thought that at an increased heart rate,
say from 72 to 100, the timings will decrease proportion-
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ately. But it was found that the rate does not relate to the
timing of the propagation of the action potential. The
timing is very small compared to the sinus rhythm which
causes the heart beat to vary and hence there is not much
change even at a higher rate of heart beat.

The following description is given for the electronic
enthusiasts about the circuit. The PIC18F2550 series is a
Microchip Inc. make embedded controller with 20 MHz
clock and built in peripherals like PWM,ADC UART and
USB interface. The chip has an excellent reset circuit and
operates with power on reset action, for which a resistor of
10k and a 0.01uF capacitor are connected to pin no.1. Pins
of port A, from 2 to 6 are configured by a command code
to operate as analog to digital converter input pins. The
reference voltage pin can be given a voltage different from
the 5V supply of the chip and by giving 2 V as a reference,
the range of digital values will be 0 to 255 for 0-2 V. The
operational amplifiers used with the Plessey electrodes are
simple 741 devices. The power supplies for the OPAmp are
obtained from two 6V batteries, rather than mains derived
supplies, so as to eliminate hum completely. From these
same 6V batteries, through a resistor pair, the + and —5V
supplies for the Sensor electrodes are derived and limited
by 5V zener diodes. The PIC chip being connected
through USB to a lap top computer, gets its supply of 5V
from the latter. The laptop is kept pre-charged and
unplugged from mains for safety while connecting eclec-
trodes to the chest. Apart from the analog input signal
connections, the PIC chip is connected to an alphanu-
meric two row LCD display. This needs 8 data lines and
four control lines, which are available as shown in the
Figure 13 from the chip ports B and C. Additionally one
bit of port C is programmed and taken to an output pin. It
provides a pulse at each and every data acquisition sample
period. This serves to calibrate the timing of the QRS peak
displacements while setting up. After noting this time
period, the actual timings are evaluated in milliseconds
and displayed on the two rows of the LCD.

Results

Cardiac Care outpatients at the nearby Hospital were
tested with their consent by placing the EPIC electrode
strip on the chest and the time of Action Potential Propa-
gation (APP) measured. Their ECG records and previous
medical reports were also noted. From the set of tests, the
following table verifies that concept.

Patients with long standing myocardial infarction were
those who had the T, prolonged to as much as 40ms.
They are classified as non ST elevation myocardial infarc-
tion candidates (NSTEMI) as per diagnostic parlance.
Those who had recent M1 with ST elevation (STEMI) had
also long T, ,, upto 30ms.

As far as patients with known conductance disturbance
with or without Q wave of significance, the time delay due
to Bundle Branch Block pathology gives readings in the
20-25 ms for those without Q waves and 30-40 ms with

L38s 246, 249, 250
19, 22,25 28

|
Time m=s 234
rate I '

Figure 13. The Mode | display shows the four QRS peak values and the
corresponding timings in ms. In mode Il of display, it shows the total AP Propagation
time and the heart rate.

O

2
ELECTRODE NUMBER

Figure 14. Showing the delays between Electrodes 1 to 5 as they are placed in the
precordial lead positions for fairly normal heart and one with MI.

those who have an associated infarction at the time of their
heart attack. Patients with T wave inversion are not gullible
at all because T wave inversion due to Ischemia does not
very much increase the T \pp 1 HUS from a group of patients,
thus far it is learnt that the T PP will increase in the case of
infarction and RBB and is a more decisive parameter for
pathological classification than Q waves.

By plotting the intermediate timings as shown in the
insert figure (LCD Display) of Figure 14, a plot could be
made to show how the AP propagates. Because it is impos-
sible to position the electrodes with a uniform mapping of
the heart by external placement, the line joining the inter-
mediate delay is somewhat skewed and not a straight line.
But, the location where the time delay is present is indi-
cated in the above figure for a patient with Q wave, as
between the mapping positions of electrodes 2 and 3.

Conclusion

We have realized a method for synchronous recording
of ECG waveforms and used the same to evaluate the time
of propagation of the Action potential in the ventricles.
The EPIC microelectrodes are a boon because of their
no-jelly contacts makes it instantly possible to fix the elec-
trodes and observe the reading of time of APP with the
least patient discomfort. It also eliminates the complex
differential amplifiers normally used for high CMRR and
input impedance. The time of action potential is measured
on our simple embedded controller. Cardiac monitor
makers could include this in their own hardware and dis-
play this AP propagation time for good. The usefulness of
this time in cardiac diagnosis has been stressed in the

paper.
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