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gquivalent straight line perpendicular to the base line instead of along the arc produced by - 4
| hepenis L@3_/6. This etror is usually negligible. If the length of the straight line is D cm and i
' {he distance .dlt.'fercnce bctwq‘cn the arc and the straight line with respect to the base line i
produces a timing error of D*/(2Ls) seconds where s is the paper speed incm/s. - %

43 GIILEC ROCARDIOGRAPHY . :

| (Ihe Electro Cardio Graphy (ECG) deals"with the study'bf the electrical activity of - i
the heart muscles! The potentials origiha,t'cd in the individual fibers~of heart muscle are )
added to produce the ECG wave form. IGCM;@ is the.recorded ECG wave - '

* pattern. ECG sometimes called EKG w ichfis derived from the German electrokardiogram)’
The clectroc?rdlogram reflects the rhythemic electrical depolarisation and repolarisation of
the myocard}um (heart muscle) associated with the contractions-of the atria and ventricles.
The shape, time interval and amplitude of the ECG give the details of the state of the heart.

~ Any form of arrhythmia (disturbances in the heart rhythm) can be easily diagnosed using

electrocardiogram. But the valvular defects can be identified by phonocardiography which
will be dealt later. ‘

431 Orig'in_bf Cardiac Action Potential
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Fig.d.2. (a) Anatomy and (b) Conducting system Tf heart
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Figure 4.2 shows the cross section of the interior of the heatt. We know that th'{..

TR, T g .t 4 s ' P g
heart is_divided ito four chambes. The tap two champersare atria and lower i
chambers are ventricles. The right-atrium.receives blood from the veins and pumps it int
right ventricle, The right ventricle pumps the blood into the lungs where it is purified ang:
oxygenated. The Oxygen enriched blood enters the Jeft atrium from which it is pumped intg-
the left ventricle. Then the left ventricle pumps the blood into-arteries through Aortic valyy
for circulation - throughout the body. For circulation, blood requires proper pressure
Sufficient pressure is delivered. by

the ventricular muscle’s contraction which is achievey
through the:cardiac action potential, - i

- 5§
Figure 4.2(b) shows the electrical conducting system of heart, Each action potentig)
in the heart driginates at the sinoatrial (S4) node which is situated in the wall of the s ht
atrium and near the entry of the Vena Cava. It is also called cardiac pacemaker-ang
generates impulses at the tiormal rate of the heart, about 70 beats per minute at rest: The
rate is governed by the autonomic nervous sl

_ Ous system, being increased by the sympathetic nerveg
and decreased by the parasympathetic nerv

es. These are connected with brain through the -
spinal cord. The action potential contracts the atrial muscle and the im pulse spreads throygh
the atrial wall during'a périod of about 0.04 second to the atrio-ventricular (AV) node_ The
node is located in the lower part of the wall between the two atria. The AV node delays the.
spread of excitation. for about 0.11 second. Thus the AV fiode acts as a "delay line" to
provide timing between the action of the atria and the ventricles. Then a special conduction
system carries the action potential to the ventricular muscles, This system' consists of a short
common part (the bundle of His), two bundle branches on each of the septum and fine .
. Purkinjie fibers which arborize in-the ventricular muscle. This the atria and ventricles are
furictionally linked only .by the, AV node and the. conduction_sy
provided so that the atrial contractio

stem. The AV delav is
n can complete the ventricular filling before the
contraction of ventricles. ,

Fig.4.3. Electrocardiogram '
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wave. The origin, amplitude and duration of the different waves in the electrocardiogram are
W ) | S

Figure 43 showsghé, typical ECG wave. It consists of P wave, QRS complex ang T\Q
'given in the Table 4.1, - - -

© _ Table 4.1, Physioiﬁgicnl Nature of ECG Waveform K

) — —
. Origin_—~ . | Amplitude | Duration
O | Ampde | Duor
PWave | Atrial depolarisationor | . 0.25 01240 022
S contraction o - ,(E:R_ln@ewu.,
R Wave '| Repolarisation of the dtria and 1.60 . 0.07 to 0.1
| (QRS comiplex) - the depolarization of the. 1 e ~
|- ventricles " |
" |'T Wave _ Ventricular ;gpplarkatiqﬁ-_ | 01t 05 f _0.0'5“.1.0 0.15 |
. | (Relaxation of myocardium) | -7 (ST interval) |°
| ST interval | Ventricular éontradtio'n
U, Wave | Slow repolarisation of the - < 0;.1 02 |
y ... |'intraventricular (Purkinje (T-U interval)
| fibers) system ) I &

The complete waveform is called ‘electrocardio

( gram with lebels PQRSTU indicating
* important diagnostic features. For example if the PR interval is more than 0.22 sec., the AV

‘Block (First degree - heart attack) occurs. When the QRS complex duration is more than.0.1
.second the bundle block (severe heart attack) occurs. |

e v e a

+432  ECG Lead Configurations |

| ( Usually surface electrodes are used with jelly: as “electrolyte. between skin' and

-+ lectrodes. The potentials generated in the heart are conducted to the body surface) The
Potential distribution changes in a regular and complex manrier during each cardiac cycle.

* Therefore to record electrocardiograms, we must choose standardised electrode positions.
{There are three types of electrode systemsyy ' )

1y Bipolar limb leads (or) standard leads

2) Augmented'unipol'ar'l_imb’lgads
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“ 3 Chest leads (or) precordial leads ' ;n
4) Frank lead system (or) corrected orthogonal leads *

Among these four systems; the firstithiee ard*wrdcly used.

I_}ipqlar limb leads_.- standard leads I, 1T and 111

In standard leads,Qhe potentials are tapped from four locations of our body. Th

-are (i), nghts arm, (if) left arm, (iii) right leg and*(iv). left leg. Usually the right leg elcctrod( ~
is acting as ground. refercncc electrodc> . ‘ .

\

Figure 4, 4(a) shows the standard bipolar limb leads positions and the corresponding"f
wave, pattems ' . d

7
/

| ® .
Fig.d.4(a). Standard biopolar limb Jeads. Flg¢4 4(b). The Emtboven tnangle
and the corrésponding ECG '
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) -

. TeadI, . - gives voltage Vy, the voltage drop.from the left arm (LA) to
Position the right arm (RA) . . . .
Lead II - " gives Voltage Vyy, the voltage drop from the left leg (LL) to the
Position right arm (RA) '
Lead III - gives voltage Vyy, the voltage drop. from t'hc left leg '(LL)‘to'the
Position left arm (LA) - . :

'/j,y’ft@hc cosed path RA to LA to LL and back to RA is called the Einthoven triangle.)

. Acé'ording to Einthoven{in the frontal plane of the body the cardiac electric field vector is .
a two dimensional one. The ECG measured from any one of the three limb leads is a time
variant single dimensional component of that vector) Along the sides of this triangle the three
projections of ECG vector are measured as shown in figure 4.4(b). Further the vector sum
of the projections on all the three sides is equal to zero. Thus following Kirchoff’s law{ the

- Rwave \amplitude of lead IT is equal to the sum of the R wave amplitudes of leads I and III)
‘For example the R wave nominal voltage from different leads is given below:

Lead I Lead 11 Lead I
vy (vy) - (V)
' "™ mV mV - mV
R wave amplifide (053 ) { 071 (038 )
ST (00710 113) (018t0168) (0.3 0 1.31)

' The vo']ta_ggs given in brackets indicate the range of the measured voltage. Thus
t . h \

{‘_Vn = Vi+ Vi )
..Aggmented _ﬁnip.olax;l_inib leads

Xis
X

C ~ In the augmented unipolar limb leads-system, which is intro.duced..bx Wilson, the
clectr )

Lisavemame

oca,rdiﬁoqgram-_is_recor,degl’./between_ a single exploratory electrode and the central
__;ngﬁnai}bhicﬁammenﬁal corresponding to the center of the body; Thus-two equal and
large resistors are connected to a pair of limb electrodes and the center of s resistive
network acts as central termjnal and the remaining limb electrode acts as the exploratory
. electrode; By means of augmented ECG .lead connections, a small increase in the ECG
| Voltage ¢an be realized/ 'The_augmcntcd lead connections are augmented voltage Right arm.

(aVR), augmented-yoltage Left arm (aVL) and augmented voltage Foot (@VEF)as shown in
| figure 4.5(a). - ' o

[/
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Lead aVF

Lead aVL

| ™
=loft arip
W=l 1gq ] B

1
L
—
7
/

+

T

”

olnr[limb leads

Figure..d.S(a)f’Augmented unip

(The chest electrodes are placed on the §
tt 2s shown in figure 4

the six' different points on-the
S(b). Y connecting three equa large

esistances to the left arm, right arm and left leg a reference electrode

‘-ob_téined}'lhis@ead system.js known as Wilson
ecorded from these éIe’c" 1S ‘such

" nipolar léa\ds'@\s“ch‘e_st-}cgds,) o

. . ' g

tions ‘such tha
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"Wy Fourth intercostal space,
atright sternal margin,

Vy Fourth intercostal space, o
st heft sternal margin, :

‘V3 Midway between V7 and Vy.

V4 Fifth intercostal space, 4t
mid-clavicular line.

Vs Sama level a8 Vy, 00 an-
terior axillary line, .

Vg Same level as Vg, on mid-
axillary line,

- Figi4.5(b). Unipolar chast leads: ..

S "{Thé ECG potentials are measured with- colc = ‘co‘de@-'..].eaids.rv“a.ccording‘ to 'th\

- -convention: ) ° Ao . e T
White - right arm”
Black -. ::left arm
Green - right leg
Red - leftleg
Brown - chest,

This is.internationally adopted fo: easy reference.

Frank lead system |
| The corrected orthogonal leads system (or) Frank lead —"S'y'ster'r{ is used ifi'“'?eétoz
cardiography. Here one can get the informations from above said 12 leads: Further using\ihjs

- lead systemthe heart’s dipole field is resolved into three mutually pérp'endicular components
... and hence the state of the heart is studied three dimensionally) - SN

T I T S

i

o 'I_'bgﬂ'irhpdrtant parts of ECG recorder are shown in figire 46, -
-~ K1 " Patient eable and Defibrillafor Piotection Gireuit =~

.(_The patient cable connects th¢ different leads from the limbs and chési to the
defibrillator protection circuit. It consists of buffer amplifiers and over voltage protection
circuit. The leads are connected with the buffer am pliﬁerg such that one buffer am plifier for
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| mV
calibration
Ly I MQ
T 1 k2
Defibrillator- litad : @
protection .| 7 selector Bioa
circuit | - , | o,:‘;ﬁm

ji

CM reduction /
amplificr .

Cae i /4’;“&’" I::"“:l:d Power
power > iransformer : supply 3unp|)-

Fig.46. ECG Recording set up "

e input impedance is increased Jand the effects '\grising'
from the variations in the electrode impedance are reduced. Further ((hc _Qvér voltage
protection circuit is necessary to avoid any damage to the bioamplifiers in the recorder, The
over voltage of the order of 1000 V may occur when the electrocardiograph is used"d;uring
surgery in conjunction with radiofrequency diathermy units for cutting and coagulation ot
during the treatment of ventricular fibrillation using defibrillators. This over voltage

consists of a network of resistors and neon lamps which fire when a pulse
there is no input to the

each patient lead. By this means (h

protection circuit ! :
from a defibrillator is present. During firing of the neon”lamp,.

preamplifier of the recorder.

)




4. Bio-amplifier
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?

N, .

2. Lead selector switch

| .
After the defibrillator protection’ circuit, thcre({s lead selector switch which-is used
to feed the input voltage from the appropriate electrode to the prcampliﬁcr_.) . T

v r—
-

3. Calibrator - '

(A push puttoh allows the insertion of a_standardization voltage of 1 mV to the
preamplifier) This enables the technician to observethe output on the display unitand adjust

the scale 50 that a known deflection corresponds to a 1 mV input signal. Changing the setting

of th-e lead selector switch introduces an artifact on the recorded trace. But by means oféa
special contac.t on the lead selector switch the amplifier is mementarily turned off during the
change of setting of the lead selector switch and after-the passage.of the artifact the-amplifier
is turned on. From the lead selector switch the ECG signal goes to bio-amplifier. ) '

!

The bio-ampliﬁcr/ consists of a _&ca_nili%ir and power ‘ampliﬁqﬁ Al'tcady('/thc.

preamplifier, as a differential amplifier with high gaitrand high CMRR)is discussed in the last
chapter. The sensitivity or the gain of the amplifier can be varied. Followed by the
preamplifier, there is@ power amplifier which- is used to drive the recorder.)Pen motors in

the recorder requires sufficient electrical power to activate the.recording or display. -

Therefore power amplifiers are required with high‘power gain. Generally transistor circuits
are favourable because a relatively large surface area is necessary to dissipate the heat

- generated in the circuit due to passage of high current. | -

E e X
SR A

Figure 4.7 shows a po ifier circuit used to drive ECG chart recorder stylus.

control/It consists of two silicon power transistors such that the emitters of the transistors
are joinéd together and conneécted with 2 load zesistor, R . When Vg is sufficienitly positive,

i e
wmm————

" transistor Qq is forward biased and conducts, while Qg is reverse biased and remains oft.

‘ N @utpuf Power,. Pout = VzoutmL

The ampiiﬁer efficiency, 7 = Pout/(Pout + Ploss) )'

. To avoid the crossover distortion in push pull amplifier, an .idealinoninver.ting
“amplifier is inserted at the input. Since the input.impedance of noninverting amvphﬁgr
approaches infinity, the power gain also approaches infinity. The crossover distortion 1

eliminated because the feedback resistance, R is s0 large and. hence it r.aiSCS tl}; %alt;l I?h:
linear manner and in turn raises the output voltage. The offset control is provided by

resistance R and is used to position the output stylus pen. Gain adjustment iS-Pfo‘f‘ded with
the resistance Ry,

Tt is a push pull type. Further it is provided with crossover distortion compensation and offset = -

T e e
Pt T o e = 2
o T N L AN b et

e
ye7es
R L

RO e e S SR iod gk B ube g

£

e rET——— U T~ Bl e e
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IR j.-'v_-Fig.'4-.7.Push-phiI:'p0wer amplifier with crossover .
| - .. ..compensation and offset control

" The output voltage of this amplifier circuit is giveri by

* e

[ aVitVeg 70 peVi-Vegg o
[ aRs + Ry - ] : IZ(I-az) Ry+Ry ] 1

v
v A iy

Vau'= (VD) (L4 RAR)+ Ry

5 Auxiliary amplifier. '

. Since the electrode .impedances afé‘,,npt equal, a differential amplifier does not -
completely reject @e common mode signals. {I‘h’é common mode signals can be reduced to
aminimum level by means of adding an auxiliary amplifier between the driven right leg lead. "
and the ECG nniti}éy this way, the right leg is not- connected to ground but it is connected -
to the output of the auxiliary ; implifiety If the body common mode voltage is different from -
.2ero, a summing network produces the sum of all common miode voltages from all other
electrodes and feeds that sum of the voltages as input to-inverting terminal of the auxiliary
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.mplnﬁcr. Meanwhile its noninverting terminal i grounded. The output of |1,
,mplnﬁcr 1 connected to the £ihtleg. Therefore it drives the body to ZELO COm .,
Thus the commona mode tejection ratio of the overall system « m:ca.cd Further i o, |

g clectrode the curreat flow is reduced.) Bl

6. Isolated Power Supply

The isolated power mpp% used to gn-c pm-c: 10 the bio-amplifier und by mean

of lhl( the clectrical safety for the paticnt & increa:
. f h D f. DIl nthe
Onplam) P ( efet tolation. a:“p ey n )
7. Output Unit
!
The output eait i 3 cathod
C(a ‘el ,(‘("\ . ronawn s 0 onue - - .
f{c‘“‘mnmﬁ‘um‘q»_—)m f‘ c 2 "' ".4;..3(: Wit &,/ F’Jr',;"c:('..‘.}':

!
U
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In the case of paper chart recorder(the power amplifier or pen amplifier supplies the
required power to drive pen motor that records the ECG trace on the wax coated hey, -
sensitive paper.)A position confrol on the pen amplifier is used to position the pen at the
center on the recording paper(The stylus pen is heated clectrical@and the temperature
the stylus pen can be adjusted with a stylus Heat control, There i§ a marker stylus which i
actuated by a push button and allows the tcchniciarf to mark a coded indication of the leaq
being recordedy The paper speed is about 25 mim/s {U.S. paper speed) or 50 mmy -

(European paper speed). The faster speed of S0 mm/s is provided to allow better resolutigp
of the QRS complex at very high heart rates. - ' '

8. Power Switch

:\":’The power switch of the recorder has three positions. In the ON-position the power
to the amplifier is turned on; but the paper drive is not running. In order to start the paper
drive the switch must be.placed in the RUN position. In OFF position, the ECG unit is.ip -
switched off conditio‘nf% 5 . . o '

A @ \Gm =

\
. 434 Practical considerations for ECG recording

~~—

Several practical aspects must be observed in order to obtain diagnostically useful
electrocardiogram. '

1. Artifacts

Since the ECG unit is a sensitive device, it can pick up unwanted electrical signals
which may modify the actual ECG signals. Eventhough AC interference is reduced by

increasing the CMRR of the bioamplifier, the operator before recording EEG, should check -
the following things: L .o

i) Be sure that the patient does not touch or make contact with any metal object such

as bed rail, bed stand or furniture. ' - : . . '
ii) Remove or unplug any other clectr‘ical,’appliances such as clocks, radios, lamps, etc
' in the vicinity of patient. R : '

i) If adder ECG machines are used, make sure that the polarity test has been
‘performed before connecting the cable to the patient. - . :

| iv)  Be sure that all electrodes have been applied with right amount of paste or jellyand
that all etectrode straps are tight enough. '

v) Be sure that the patient is in comfortable and relaxed condition. If the patient is not
completely relaxed, the unsteady trace may be produced,
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1L Wandering of Base line

. The waﬁdering of base line results from the gross movements of patients or from

" mechanical strain on the electrode wires. If there is no proper application of jelly between

the electrode and the'skin, during that time also the wandering of base line occurs.

I Solid Base line

An indistinct trace or solid base line appears due to improper adjustment of stylus

+ temperature or by buildup of waxy residue on heated stylus.

)

IV..  Frequency Response

Génerally the upper frequency limit of the bioamplifier is,about 100 Hz But the pen

| inertia limits the ECG unit response .to about 50. Hz. This Iowers:.the fidelity of QRS

complex. The lower frequency limit of the bioamplifier is about 0.05 Hz.

The time ‘constant of the amplifier =,
' ' 27 x 005

= 3 seconds

If the time constant is less than 3 seconds, there is a distortion in the P and T waves.
If the time constant is more than 3 seconds, the recovery time of the amplifier is so large.
.Thus it would not record properly when we go from one lead-to another lead.

V. Other Specifications of the Ordinary ECG Recorder

- Sensitivity (max.) -~ - ¢ 20 mm/mV o

Input impedance ~t 5 Mega ohms
Output impedance : Less than 100 ohms -

. Standardisation signal ~ : - 1mV.~
CMRR -t - 10000:1 o
Recording techniques :  Heated stylus and heat sensitive paper
Paper speed = : 25 mm/s or 50 mmp. '

Frequency response : 0.1to60Hz




gt b A

e

AL

N
130 =~ N
SR

- Nbrmai ECG eui've .

- Here rQ segment has prclonged conducuon txme
ie. greater than 0.22 second *

'Result: First degi‘ee' AV bl'oek“

L Here QRS cemplex is, wxdened ie. QRS mtewal
| 1s gteater than 01 second

Result Bundle block

= Here ST segment 15 elevated

I{esult Myocardlal infarction.
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» Here ST segment is depressed; a’od' negative T
wavexspetsent T RV PO

Result Coronary msufﬁcxency

- - Here therc is-a train of pulses msteed of PQRS
. ‘waves. . . .

| ‘Result Ventricular ﬁbﬂllafion whxch Jm;ay lead to
- death if it .is . not properly corrected by
- deﬁbnllator O lom

- Fig.4.9. Analysis of ECG signals

Flgurc 4.9 shows the’ anaiysxs of dxfferent ECG sxgnéls ff the notmal conductnon
system is disturbed, then the beat rate will be slower than the normal rate Thls state is called
heart block. ’—Ihere are dlfferent types of heart b10ck )

ilst degree AV block Due to prolonged conductlon txme |
-%nd degree AV block Due to 'conductnon of few pulses instead ofoll' f;om atriuro.
3rd degree AV block

Due to asynehronous action of atrium and ventricle.

Adams - Stokes attack Due to sudden attack of total block (thxs can be treated by

_ fixing elcctromc pacemaker)

Bundle bloek e pue to improper conduction of the stimulus to the ventricle.
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Atrial fibrillation :

Here ventricles beat very slowly.

Ventricular fibrillation
blood to different parts of the body.

Biomedical lnstrumeht;&-c?g

Due to fast beating rate (30¢-500 beats/min) of the atn‘u;n:

’

b
T
o

e~

Ll

» Due to fast beating rate of the ventricles. No pumping of,'lh'e,'

Thus the electrocardiography can diagnose any form of arrhythmia or disturbance ln
beart rliythm. The Computer analysis of ECG is discussed in the Chapter on Advances i

Biomedical Engineering. .

4.3.6  Vectorcardiography

PR D
Sagital plane

Fig.4.10. Veetoreardiogram, Here R / Right, L - Left, P-Posterior,

A - Anterior, S - Supérior, I - Inferior
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- Fig.4.11. Vectorcardiogram in the case of myncardial infarction .

ol

Scanned with CamScanner



. .orthogonal lead system, the spatial r{e?

jine in the standard lead syétem is repr

~ cardiac structures. Acoustic events of the heart can be divided in e.) heart

é’. ; Potential Recorders

| In thf: case ol electrocardiography only the voltage generated by the electrical activity

fihe he'art is recorded. But in vectorcardiogr hy, the cardiac vector is displayed along with

" mag_nm-xde and spatial orientation. Even ough the cardiac vector is a three dimensional

s projections on orthogonal planes ‘con{)lerts it into two dimensional vector. By means o
0

: ns of the cardiac dipole vector is usually dis

on a cathode ray oscilloscope. This is #ccomplished by resolving the signal y displayed
CorrBSPOT]dmg to the frontal, sagittal and
45 loops in each plane as shown,in figure

QRS and T waves. Among thes¢the QRS ¢

! into three images,
sransverse planes. The vectorcardiogram appears

4.10. There are three loops corresponding to P,
omplex loop is a dominating one. The iso-electric

: esented by the endpoint of th tors in the
vectorcardiogram. A polagbid camera p g 4 e vectors @ e

permanent record. In thecase of any.diseased heart, like myocardial infarction, the loops are

.‘ 'altfff.c'd mha characte 1s}ic fashion as shown in figure 4.11. With the modern computer
“facilities, the vectzr)ardxogra phy may be clinically used in an extensive manner, eventhough

it is not widely 7 d clinically now.

‘7D>h cardiograph @

43. onocardiography

.- The graphic record of the heart sounds is cailed "phoniogram". Because the sound is
from thf_: heart, it is called phonocardiogram. The instrument used to-measure the heart
‘sounds is called phonocardiograph. This instrument uses a phonocatheter, a device similar

toa conventional catheter, with a microphone at the tip. The basic aim of phonocardiograph

is to pick up the different-heart sounds, filter out the heart sounds and to display them (or)
record them. Heart sounds are acoustic phenomena resulting from the vibrations ‘of the

sounds and murmurs. Heart sounds have a transient characfer and_an&%@@o@
Heart. 4 ,mm%tefistic and last for a onzg"“‘chﬁn‘E‘Bﬁrin general the
hearts sounds are due to the closing and opening of the valves, whereas the murmurs are due
to the turbulent flow of blood in the heart and large vessels,

Heart sounds

Heart sounds are classified into four group on the basis of their mechanism of origin;

thcyare 1) Valve closure:sounds - *

2) Ventricular filling sounds
3) Valve opening sounds and
4) Extra cardiac sounds

1) Valve Closure Sounds: These sounds occur at the beginning of systole (first heart
sound) and the beginning of a diastole (second heart sound). The first heart sound
is due to the closure of mitral and tricuspid valves. The second heart sound is due to
closure of the aortic and pulmonary valves. The two sounds are normally present in
an’individual. ™ " T

1133

hotographs the oscilloscope scréen to provide a -
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2y . Ventricular filling sounds: These sounds-occur either at the

& s

PRouy period of rapid filling }
the ventricles (third heart sound) (o) durini the terminal phase of ventricular filj,
(i.e.) atrial contraction and are believed to be caused by sudden distentio

' 0 of gy
. . ventricular wall. These sounds are normally inaudible, ' ef‘

Valve opening sounds: These sounds . occur at the time of opening of the atrio::'_
. veéntricular valves and semilunar valves. R S
B o ‘Mf-s :A-ﬂ:“ﬁﬁ'*ia‘!.\':(r.‘., v, H A‘: . w _‘. e ..__‘ oL e e s

.4{ .- Extra ¢ardide sounds: These sounds o'(:cdf in mid (or) late systole (dr) early -QiaStoié : |
. and are believed to be-caused by thickened pericardium which limits ventriciiz; |-

U distensibility; -

EE I
'
'

Ph_ys_lpal characteristics of the sound

b art sounds and murmu irs are made up of frequencies between 10 |
“"and 1000 Hs: Wittiin this range they ar€ atbitraril
., cdlégories dépendingiponw

and is represented by snaps, clicks and diastolic murmurs o
insufficiency. v SSSm—

~ Qualit depeggs__'_gpbn the overtones (or) harmonics accompanying the fundamental
Origin of the heart__{s_(')}_l.ng, ,I}iere are four basic sepa}'até heart sounds that occur durir\g the

1) | Firét heart sound; The firét'he.art' sound is pr‘ddut:ed by a-sudderi closure of the mitral

S

' .-.,Heart sounds: and murmurs are usually characterised by three physical properti’es'i’j
They are ° e ' .

- Frequency - s Amplitude -~ - - -and iii. Quality

|

. s Practicelly all heart sounds and murmurs
y divided into low, medium and high-pitch~| -
| Hich frequenicy ptedominates. Thelowrangeis 10-60 Hz and' |
it'is represented by the third and the fourth heart sounds. The medium rangeis 60-150 Hy |-
and is represented by the first and second heart sounds. The high range.is 150-1000 Hz |
[ aortic and pulmonary..

L ’

_Amp_btnﬂe&of heart sounds and murgqus,,may differ by a factor of more than 1000. Uéﬁally 1
low-fféf]iléﬁcy,.ﬁéﬁ?ffﬁﬁﬁﬂs have the biggest amplitude while the high frequency murmurs |
have small amplitudes. . -

- -

“Trequency and-applies to tones. - -

*Tice of one complete cardiac cycle.

and tricuspid valves associated with myocardial contraction. .

e ————

a) Timing: The low frequéncy vibrations occur ap'p’rmiimate‘.y 0.05 sec .\-.d after the
" onset of the {QRS’ complex of the ECG. LT

.....
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. | o
The first heart sound lasts for 0.1 to 0.12 secon &

b) Duratron - ‘
nd ranges from 30-50 Z..

) Frequency- The fi rst heart sou

1d
t heart sound is best heard at the apex of the mid

d) Ascu]atory Areat’ The firs

pencardrum o
. 1bratton st u‘p by the

[ves -

-

z): Second henrt sound: The s
A closure of semrlunar valves

is due to the \

nd heart sound
-y f aortlc and pulmonafy va

(i.e:) the closure O
a) Timing: The second heart sourid starts approxlmate
end of T wave of the ECG ‘

o
PP

b Dumtron° Thrs lasts for 0. 08 0.14 second

r“‘(f

c). ,Frequency' The frequency is ugo_}é@__f_@,

d) Asculatory Area' The second sound is best heard in the aortic and pulmonary

arees.
- 3) Third l:eart sound: The thxrd heart sound arises as the ventncles relax-and the
¢ . . internal pressure. drops well below the pressure. in.atrium, . Meanwhxle the atrio-

“ ventricular valves open and the blood has a raprd movement into the relaxed
ventncular chambers. . o .

| .a) ' Txmlng The thtrd heart sound starts at 0. 12 0 18 second after the onset of the
second heart sound. S = A

b Duratmn- The third heart sound lasts approxrmately 0 04 0. 08 second
. \ '
) Frequency The frequency is approxrmately 10 100 Hz

d)' Ausculntory Area. The thrrd sound is usually bcaf heartial the apex and ieft
lateral posrtlon after lrftrng the legs. |

). Fourth heart sound The fourth heart sound also called an atrial sound is caused by
~~ an accelerated (low of blood into the ventricles (or) due to atrial contraction. This
- occurs rmmedlate]y»before the ﬁrst heart . sound

Lo a) Txmmg' The fourth heart sound starts approxrm'ttely 12 018 second after the
onset of the P-wave. © .. e .

b) Duratiunﬁ:_ The' sound lasts for 0.03 - 0.06 seco'nd. D
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¢) Frequency: 10 - 50 Hz

d) Ausculatory Area':_Becausq of its extremely low fr'e'quency it is usually inaudible_' o

Hearw@s: Murmurs are sounds related to non-laminar flow_of blood.in the heart ang '
the great vessels, They are distinguished -from the basic heart sounds such that,

1. they have noisy character,
2. they have a longer duration.and
3. they are high frequency.components upto 1000 Hz.
i w ! . .
Typical conditions in the cardiovascular, system which cause tmku]ence in Blood ﬂowE

3 —
Local obstructions to the blood flow.
Abrupt changes in the diameter of the blood stream.
- Pathalogic commmunication in the cardiovascular system.
Ruptured cardiac structures. |
Valve insufficiency. '
—

——

AR S

Transduction of heart sound: The sdungs and murmurs which originate from the heart can

be pf@kcd .up from the chest using-a stethoscope (or) by transduction of the sound intg
electrical signals. ' -

sl

The heart sound .are well conducted from the heart to the surface of the chest when -

the myocardial tissue lies in the close, proximity to. the chest wall,”

}#Iféé(]ering set-up: A block diagram for _ihe.r,ec_o_rding set up is shown in figure 4.12. The heart

nds are converted into electrical signals by means of a heart microphone fastened to the
chest wall by an .adhesive strip. The. pick up, is successively located at different areas
mentioned in figure 4.13. The electrical signals from microphone . are amplified by a
phonocardiographic preamplifier followed by. suitable -filters. and recorder. Further the
clectrodes are also placed on the limbs to. pickup the electrical activity of the heart and these -
signals are amplified and recorded. This-recorded ECG is used. asa reference for PCG: .

)
> : Fil i Vonitor ‘
s Cf’“de“s?r. | Phono Filter. . | Monitor scope \
microphone amp. ] '

= w6 |, | ree || - o

— Electr(_)(ﬂi:e‘.f . np.. |- :.Tape']l?{%oi'der

Fig.4.12. Block diagram. of recording.set up -

e
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Aortic area ——o— -
\ 0® Pulmonary
Tricus, ureu—A(_ 2 5 area
o -
| \ /

=~ &~———Mitral.area.

Fig.4.13, Placement of microphone on different areas of the chest for recording PCG

Heart sound Microphone: The conversion of t
done using a variety of transducers viz,,
piezoelectric crystal, carbon microphone,
used in phonocardiography:

he heart sounds into electrical signals can be
condeaser microphone, moving coil. microphone;
etc. There are two main categories of microphones

1. The air coupled microphone and
2. The contact microphone

In the former case, the movement of the chest is transferred (via) an air.cushion and -
presents a low mechanical impedance to the chest. But the second one is directly coupled

to the chest wall and presents a higher impedance, high sensitivity, low noise and light weight.
Therefore the second one is more suitable. - .

-
=
~

A typical conuenser microphone is shown in figure 4.14,

Ry - L Tdoythur—ay

s Diaphragm—+l- N, Ne— insulator e

j . éack plate ' T R : _' ' MICROP-HONE 1
R N BATTERY

! RESISTOR

/ ////)////Jﬂ- Housing -

. Fig.4.14. Condenser microphone along with its circuit
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: the "rotor” as "stator” of -
st of a.di i he "rotor” and the back plate as_stator_ef :
sist of a.diaphragm which acts as t P : 2wl
a variablltéccohnp:citor. '}'h‘c’pt'\;agélc)cﬂ]odes are sgace@tg ;a?}llem::g ﬁf&d&’eg
regulated d-¢ voltage, is applied. through a high_resistance acro : .

constant charge is maintained by the electrodes as per the formula,

_<m.wruvﬁ7ﬁ
S s s B

by

e = 3_ (constant)’ | .
° *J . V\ Cens ~.l : H(—;/‘,

e s N

i

:‘-.,A':W_-'“~ . e .

The vibrations produced by the chest wall change the position of the Tclilza;:lhraeglgl :j ;h:

condenser; which results in the change in voltage across the electrode. The develop <.
~ voltage is only of the o\rg_%rggg\yw@;}yglt&

10 EILTER

| | 0
N 0F U

J
P I
F U
! T
g : a

R

" Fig4.15. Phonocardiograph preamplifier

The preamplifier shown in figure 4.15 has two stages, First stage hias amplification of about .
20. Second stage has amplification of about.50. Therefore the’ expected total gain is about
1000. Continuous variation of gain can, be achieved' through a 22 kilo-ohm potentiometer.
The shunt capacitance (0.02 yF) and the feedback loop capacitance (68 pF) of the second
stage limit the response from 10 Hz to 1000 Hz. . #

Filters for phonocardiogram -

S Gt:nerallry:higl') pass ﬁ]t.er"s'xf_héﬁng a gradual slo_pé.'qf atteriuation are .needcd-'s'ir'icc,.the{-
band. pass filters and filters with-sharp cut off produce transients and mask the splitting of .
. heart,sounds. In the case of murmurs, where greater selectivity is required, high p




- .\\

. rential Recorder b increasing slopes - |
i giop”™ : . 1 ass filter with Increasing slopes -
o | - . gmoe 416 shows.a DIERT .
i uired. Figure Y s
¢, sharperslopes are 1o < below 1000 Hz. T — — :
| htenuamon for frequencics AR : 220k
o [ P e
|npUt 15k OUtpUt OOOUJF | OOOUJF —1 | ]O_}JF o
Input 100k £ Output
o— -0 Gf ' } e
20 dB/ decade
'."7IT ' :
T | T |
5 ! £ |
B P
Lot e e “kHz: -,
a » SR - f
© . Figdl16(@). R-CFilter -~ " - - (b) Active Filter .

Figure 4.16,(a) shows the R-C filier where the gradual slope is obtained andl in ﬁgu_r::;
4.16(b) shows the active filter where a sharp cut off is achieved. B A

...........

Relationship between the heart sounds and function of the cardiovascular system

... Figure 4.17 shows the relationship before the blood pressure, heart sounds and EQG.
. Ithe normal case; pictorially. During the opening of dortic valve and closing of mitral valve,

Wthe first heart sound is developed. Similarly during the opening of mitral valve and closing
g;aort}g valve the second heart sound-is developed ‘and s6 on. " S .

Medical Applications

Rheumatic Valvular;;fsion's: The greatest number of valvular lesions results frdm rheﬁmatfb ’

f . . 1. R .

1;(‘.':‘; tl‘;lil:?anauc fevc‘r‘n's an autoimmune (or) allergic disease in which the heart valves are
etions .caﬁseaﬁ:gxn?r-’q?tﬁoyed; This"can»bé-dé’téctpd'by-phono‘ca‘rdiograph. The valvular

ormal - : . : ;

" heart sounds, -« '.‘_“!.113 'ea‘ft_go;unds' as glycn b'elfmi.-_Fxglﬂlre 4.1§(a) shows the normal
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I'ig.4.17. Blood pressure, heart sounds and ECG on the time scale

The murmur of Aortic Steonosis: In aortic stenosis (figure 4.18(b)) the blood. is
cjected from the left ventricle through a small opening of the aortic valve. Because
of the resistance to ejection, the pressure in the lcft ventricle rises sometimes to as
high as 350 mm of Hg. This causes turbulent blood flow. This turbulent blood

impinging the aortic valve causes intense vibration, it produces loud murmur. This
sound can be heard several fect away from the patient.

The murmur of aortic regurpitation: In aortic re
is heard during systole, but during diastole bloo
the left ventricles, causing a "blowing" murmur,
stenosis. This is produced during the valves ar

gurgitation (figure 4.18(c)) no sound
d flows backward from the aorta into

the sound is not as high that of aortic
¢ damaged.

[Regurgitation: Backward flow of blood through a defective heart iralvc].

on'

>
7
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Analysis of phonocardiograms

.
| |
|t

\
|
! |

| |
. : !
Systole . 1 :

‘Diastole -+ Systole

Fig.4.18, Ana]ysté- of heart sounds

iii)  The murmur of mitmi regurgitation: In the rﬁitra_l
<" blood flows backward through the mitral valve durin
during systole. o

V)" The murmur of mitral stenosis: Tn mitral steriosis (@
difficulty from the left atrium into the left ventricle
n produces mu;mur; which is very 'wcak.j@' \
_.";_S__z'x}ecialjapplication"s of phonoéardiog_i'gm 4 !

——

IL Fetal Phonocardiogram; A sthe'tho‘sco
**" applied over that part of the maternal a

tones. Simultaneously with the feta] s
' comparison. - '

pic microphone with a large

<. 2)/ Esophageal Phonoéardi(;gmm: Basis
. heart sounds are collected from ins
have lower frequencies than w

regurgitation (figure 4.18(d))
g systole. This produces sound

gure"d.‘ls(e)) blood passes with
due to the pressure difference.

chest piecc is
bdomen where ausculation reveals fetal heart
ound tracing, maternal ECG is recorded for

of interest in the method lies in the fact that the
ide the chest. In'general, sounds and murmurs
hen recorded by conventional techniques. The heart
sounds are with shorter duration. B o
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3)/ " Tracheal Phonocirdiogram; Tracheal Phonocardiograms ‘have been recorded ;
patients by means of a.tracheal cannula. The technique consists of connecting,the
outer'end of the cannula with a microphone by.means of short piece of rubber typ,
The heart sounds are with shorter duration and have vibrations of a lower frequenq‘;'
than when recorded from outside the chest. :

-43.8" \Echocardiography

g smoandl . for diagnosis of heart diseaseg
, Echqgardlogram‘ displays the time versus motion /infofmation about the intra-cardia
structu.res on slow speeds. Particularly for detect'fo of/mitral stenosis and for prelimi'nary
_screening test related to heart diseases, echocArd{ogy phy is the test one among all. The

~ Piezoelectric transducer is placed between thé third/and the fourth ribs.on the outer chest
wall ‘where there 'is no lung between the skirf afd the heart. From this transducer, ap

. ultrasoni¢c béam of frequency 2.25 MHz is dfredted towards the heart and the reflecteq
' signa]s, called.echoes from the heart muséle/ap collected by the same transducer. Thuys a
e singjle'-piezoglgctljiq transducer acts as a tranémytter and a recejver alternatively. By changing
-the position of the transducer we can get/r flgctions from the desired areas.on the heart, An
.~ aqueous gel is used to couple the transdyfcof to the skin and the beam from the transducer

e ompensated signal amplifier so as to collect the

. 210 a depth'of S to 10 cm. There is a ti
- deeper low amplitude signals with the shnfe signal to noise ratio. Then these amplified signals
) O

.- -are given to the cathode ray tube displdy unit.

~;f~;\l:._A-.i:1;1ng display : ./‘
ode display, the echoes produce vertical displacements of .
: h that the amount of vertical displacement is proportional.
*. to'the strength: of the echo ap(f the distance along the horizontal trace represents the time -
;.'-‘--:}taken'by-- the ultrasound to tfgve through the tissue. Since the heart is moving, the echoes -
dance up and down during/fhe tardiac cycle. SR -

In amplitude mode or A,

. I'n.brightness mpde or/B-mode display, the echoes are rotated through 90° towards
the observer and so the echaes are presented as dots of light. The distance between c.iots
represents the tissue depth. When the echoes are from the moving structure, the dots of light

move back and forth, - . | /.. . -

M-mode display

" In the time-motion mode or M—modc“display, thcf B-mode _ﬁ:cho_ sigxfwl isA,_recog‘iliicgl
' i i ' ing the oscilloscope face on mo
either by sweeping the oscilloscope screen or photographing t . ] ‘
paper. '{'hus thpe conventional M-mode display is widely used in echocardiography such that
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Mefjade | 2 dimensional
- 7
Axial dimension /eﬁ:llent : good
Axial motion 7} excellent good
Lateral dimep$ions | impossible good
Lateral mogidn poor good
Shape / poor good
Q

O - |
4.4 @LEC’I‘ROENCEPHALOGRAPHY (BEG)
=

- <

Ee:troencephdlography deals with the recording and study of glectncal actj .
brai eans of electrodes attached to the skull of a patient, the brain waves can be
picked up and recorded. The brain waves are the summation of neural depolansatlons inthe
brain due to stimuli from the five senses as well as from the thought processes. On the -
surface of the brain, these voltages are about 10 mV; Due to propagation through skull bone,

they are attenuated to'levels from 1 to 100 4V which are picked up by EEG electrodes.<They
are in the frequency range from 0.5 to 3000 Hz.sThese potentials vary with respect to

position of the electrode on the I;>u‘{facc of skull. Therefo;e during recordmg, the electrodes
are placed around the_frontal, pariefaf’ tempdral and occipitalSIobes of the brain,
Electroencephalogram 1s\tﬁﬁe'cﬁr?l of the brain waves made by an electroencelphalograph

441 Origin of EEG | o /

Imtlally it was thought that brainwaves represent a summation of the action potentxals'
of the neurons in the brain. Now it is believed that the electrical patterns obtained on the
surface of the skull are the result of the graded potentials on the dendrites of neurons in the
cerebral cortex and other parts of the brain, as they are influenced by the firing df other
neurons that impinge on these. dendrites. Grazled-potentials are variations around the
average value of the resting potentlal Thus thé EEG pmate within the dendrite
potentials. Electric charges are transferred between one nerve fiber and the other through
a dendrite of a post synaptic neuron during the release-0 Icholine. A great number
of these potentials are then summed to produce EEG rhythms.

The discharge of a smgle neuron or single nerve fiber in the brain cannot be recorded
from the surface of the head. Instead, for 4n electrical potential to be recorded all the way
through the skull, large portions of nervous tissue must emit electrical current simultaneously. .
There are two ways by which this can occur. First, tremendous numbers of nerve fibers can
discharge in synchronous with each other, thereby generating very strong electrical currents.
Secondly, large numbers of neurons can partialiy dxscharge, though not emit action potentlals .
Furthermore, these partially discharged neurons can give periods of current flow which is .
undulate with changing degrees of excitability of the neurons. Simultancous. electrical

l
|
f
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casurcments within the brain while recording brain waves. from the scalp indicate that it
f:thc second of thesé that causes the brain waves.
i

To be more specnf‘ ¢, the surface of the cerebral cortex is compo{ed almost entirely

a mat of dendrites extending to the surface from neuron cells in the lower layers of the
cortex. When signals impinge on these dendrites, the dendrites become partially discharged.
This partially discharged state makes the neurons of the cottex highly excitable - that is,

facilitates them and the negative potential is sxmultaneously recorded from the surface of the
scalp, indicating this high degree of excitability.

One of the important sources of sxgnals to excite the other dendritic layer of the
cerebral cortex is the ascending reticular actwatmg system. Therefore, brain wave intensity

- closely related to the degree of activity in either the brain stem (or) the thalamic porftions
of the reticular activating system.

Action potentials of the brain

Progressive transient disturbance of the resting potential along a nerve fiber is used

. to transmit information from one end to the other. This action potential is caused by a very
‘ } rapid change of membrane permeability to sodium ions followed by a recovery: period. When o

_the propagated.action potential reaches the cell, the cell fires and thus a spike wave'is-
- produced This firing spreads throughout the dendritic branches and causes the release of -

” transmltter substances where the dendritic synapses terminate on other cell bOdlCS

neuron increases in a negative direction. So that it is.less likely to discharge; this induced
potential change is called an Inhibitory Post Synaptic Potential (IPSE). If the transmitter

substance is excitatory, the recepfor membrane potential increases in a positive direction; .
.50 that the reccplor neuron is more likely to discharge and produces a spike potential. This

induced change is called an Excitatory Post Synaptic Potential (EPSF). We know that

the neuronal system is acting_in- a»synchromsed manner such that the receptor neuron:
dlscharges by the simultaneous emission of excitatory transmitter substances coming from

R d]accnt neurons. Thus if EPSPs occur smultaneously at A and B, then C will become

excxlatory and it is more likely to discharge. If IPSPs occur simultaneously at A and B, then
“C will become less active. These action potentials can be as large as 30 mV and cause

- external currents to flow between the upper and lower layers of cortex.

Evoked potentials

Evoked potentials are the potentials developed in the brain as the responses to
external stimuli like hght ‘sound etc. The external stimuli are detected by the sense Orgaus
which cause changes in the electrical activity ‘of the brain. Now-a-days the term ‘event
related potential’ has been used instead of evoked potential. This'is because there are some

If the transmitter substance is inhibitory, the membrane potential of the receptorf’"': i
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. Changes that are evoked by an external stimulus but ate related to an event. The studies o
®Yoked potentials are more prone to contamination by artifact than the clinical EEG. The
' artifact is synchronised. with-the stimulus and eventually appear with the evoked potentia]

?ﬁe;rpforg;..goggi;.tggqtging techniques are to be used for evoked potential studies. -

Audtomy of the brain

b'ra“ .'Ifhe.. b'ra'}in (e‘f%?cphalon)'gonsists"of t.hfec.parts snch as cerebrum, cerebellum and the -
; In:stem as Sh_‘?-“.’nf.'?-ﬁg"“’ 4.20 Cerebrum consists of two hemispheres separated by 3’
t:;p fissure, :jfﬁe_,‘p'gtlmsphcres are divided into frontal lobe; parietal lobe; occipital lobe and -
Py poral 1959...Il3e-p_uter layer is called as cerebral cortex which is the center of intellectual
nctions (figure 4.21). The frontal lobe is for intelligence. The upper side of the temporaj -

Iobé. : AF R Ly : . : . :
lobe consists of hearing center. In the posterior part of the occipital lobe, the vision center

1S sif1 R ™ PR ! o .
CeSIttﬁlf.ited...Ilg the anterior part of the parietal lobe, there are sensory center and motor
nter. Thg temporal lobes are for the storage process in the long term memory. |

\ NN S
N ARy
‘\'\ \:{‘,‘?\%\?\\ ol '\

NN Y

NN CEESRANR
BAY, ST
SN A
i \\\)\\\ L\\gﬁz‘g e
I NN A
v . o ‘::\\?k\"-.\:”‘\@,
- \‘.w Y

Fig420. Medion sagittal section . - ~Figd:21L. Cerebral cortex
L of the brain. - |
442 ‘Brain waves

..’ - Electrical recordings from the surface of the.brain.(o_,.r) from the outer surface of the
head demonstrate continuotis electrical activity in the brain. Both the intensity and patterns
of this electrical actiﬁty are determined to a. great extent by the overall level of excitation

of the brain resulting, from functions in the reticular activating system 1. awakening from -

I ————
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o sleep. The undulations in tﬁe recorded electrical potentials, shown in the figure 422 are
e called brain waves. / : R
i, SN =

" '

The intensities of the brain wayes on the surface of the scalp range from 0-300 1
and their frequencies range from once in every few seconds to 30 or more per s&gond.

. B T —

the time, the braj

_ M‘,mh of D waves are irregular and no general pattern can be
o dlscemed' In the EEG. However, at othep times, distinct patterns:do-appear. Some of these
:': .characteristic of specific abnormalities of the-brain occur durirg epilepsy,'which-is}dis.cuss_ed
. later and others oceyr even in normal persons and can be classified into alpha, béta, thets
al . and delta waves, ' ) L St e e e
al- : o , ' o o
@ 3 : SR .
x ‘

e ol peeitpfni] - Alpha waves(a) 813  Normally ocsipitally -, <.
" - AP et e o} . H ; ¢ - s

Beta waves (8) 1‘3:-,39':, : ﬁdmulj;{ parietally
~ R " and-frontally ». .

N Thew v, A8 Gl
ST teeping adue _,
\/\’\ N\ N ~ Delta waves(é)’o,S—4 : fF.'t;e:-.um"r'e‘.iié:bies, infants,
NS PN NALE v s L sleeping adults SR
Fig.4.22. Brain Waves
Alpha waves '
Frequency : 8-13Hz ° o | o |
e Occurrence ¢ They found in normal persons when they are awake In 2 quiet,
15 S ~ resting state. They-occur no'rmallyloccupxt'al region. *
4 " During sleep, - these disappear. These' have amplitude of
n ~20-200 pV with mean of 50 4V, :
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(at intense mental activity, the frequency increases upto-50 Hz). |

These are recorded from the parietal and frontal regions of the
scalp. These are divided into two types as beta I which is

inhibited by the cerebral activity and beta II which is excited by
the mental activity; like tension.

4-8Hz

 These are recorded from the parietal and temporal regions of the

scalp of children. These also occur during emotional stress in
some adults particularly during disappointment and frustration.

0.5-4Hz

These occur only once in every 2 or 3 seconds. These occur in’

deep sleep, in premature babies and in very serious organic brain .
~ diseases. These can occur strlctly in the cortex mdependcntly by

the activities in the lower regions of the brain.
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Fig.4.23. Placement of electrodes on the scalp for EEG recordmg
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4.43. Piacement of electrodes

In EEG, electrodes are ;.)laccd in standard positions on.the skull | |
. : the in an arra
'_can?d’lo - 20 system, a placement scheme devised by the International Fede;%?c:?re g;
Societies of EEG. The electrodes in this, arrangement are placed as follows: :

I Dre‘lw a .line on the skull.from the nasion, the foot of thc.nose. to t‘he inion
ossification center (bumip) on the ocm_. : Q the tniom,

1. Draw a similar line from the left preauricular (ear) point to’-the right
preauricular point. o

iii, Mark the intersection of these two lines as:C7 which is the mid point of the.
distance bétween the nasion and inion (or) the distance between the auricular

pOints‘ S NI @ E —-
,\~ Dleelaveles™ 6/ " imed! (P@.,Ln (-
iv.  Mark-points at,10, 20, 20, 20 and 10% of the total nasion - inion distance. These

points are sz, IE,CZTI_’;andOZ

v.  Mark points at 10, 20, 20, 20, 20 and 10% of the total distance betweer the
preauricular points. © -~ "\, j';,ﬁpl'hﬁ'}a/h -

These points are Té," G, C,, C4 and Ty.-In these odd numbered points Ty and
Cs3 are on the left and even numbered points Cy4 and T4 are on the right.

S e

—
et
S s B g n

0 vi. - Measure the distance between Fpz and O, along the great circle passing
30 *through T3 and mark points at 10, 20, 20, 20, 20 and 10% of this distance..
' * These are the positions of Fpy, F7, T3, Ts and Oy, -

vii. Repeat this procedure on the right side and mark the positions of __sz’ Fg, T4,‘

. T6.and 02'.‘...» . : | ~—a ..

: T : i

e viii. Measure the distance between F,; and Oj along the great circle p:és.sing-
through C3 and mark points at 25% irtervals. These points give the positigns
of F3; C3 and P3. . e

The ground reference electrode is a metal clip on the earlobe.

ix. Repeat this i)rocedure on the right side and mark the positiogs of ,F4_,E,ignd

L /gicz nal Arsi et e

x. Check tflat Fq, F3, FZ,UF4 and Fgp are qui i tant along thetransverse circle
passing through &7, F, and Fg and check that Ts, Ps, Py P4 and L a;c
cquidistant along the- transverse circle passing through™T5, Py-and Tg. In the

g R I IN .
e A T AL

TrE g

AT o N AT
A O A e




figure 4.23 the positions of the scalp electrodes are indicated. Further there

[ e

Before placing the electrodes

, the scalp is cleaned, lightly abraded and electrodg
paste is applied between the electrode and the skin. B
paste, the contact impedance is less than 10 kQ. G

in enerally disc like surface electrodes arg
used. In some cases, needle-clectrodes are inserted in the scalp to pick up EEG.

- Both bipolar-and unipolar (m
l_ocation of foci, that is cortical are
relationship of thie waves indicates th

as from which abnormal waves spread. The phase
velocity at which the waves spread t

e position of the focus and in some cases, it enables the

0 be calculated. In bipolar techn e difference i . -
potential between two adjacent ele %

lar technique the

with respect to a reference electrode attached to ear—|

\ ctrodes is measured. In the monop
potential of each electrode is measured

lp_be or nostrils. In the. WAlson

[ue (or) average mode recording techniques the
potential is measured. between-one. of the electrodes (exploring electrode) and the central
terminal which is formed by connecting all electrod

es through high, equal resistors to a
commonpoint.: Multichannel electroencephalographs having as many as the channels permit

simultaneous récording from several pairs of electrodes, reducing the total time required to
-complete the recordings. Eight channel recorders are very popular.

4.4.4 Recording Setup
. : e ‘
Input st Amplifipr et Writer *'-’Tr,aéé‘

- ‘ Pre- Control Driver e
1oput = dengittier [ | unit ' amp!i"er__"

— (
; t Sta »| Stage .

!nput—"s‘:ge = S';gé —® gge» l.ge £ Sg B

Fng4.24 Simple block diagram of EEG recording set.up

y means of this application of electrode

onopolar) electrode systems are used to facilitate the

Biomedical Inst’rumentation.i:;fx‘; 8

0
Vi {
sy AL

| aw |
nasopharyngeal electrodes Pg.and Py, and ear electrodes A; and A,,

C TR
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Figure 4.24 shows the simple block diagram of EEG recording setup. In this there aré ’

pre and driver amplifiers whose gains are increased by cascading several stages

amplification. :

Figure 4.25 shows the modern 8 channel EEG recorder. The patient cable consistg :

of 21 clectrodes and is connected;fo the cight channel selector. The electrodes.are attacheg - ¢

to the chanael selector in groups of eight called a montage of electrodes. A representativg
montage is shown in Figure 4.23 as numbers from 1 to 8. In that case, the right ear electrode
acts as reference electrode for the right brain electrodes and MQL@_MM
reference electrode for the left brain electrodes. The 50 Hz interference is reduced by
employing differential amplifiers as preamplifiers with more than Wd by use
of 50 Hz notch filters. The effect of notch filter on signal distortion is not s0 'much'because
important EEG signals have frequencies below 30-Hz-Further if the room, 1n which EEG
unit is plz'lced, is covered _wit}i ferrous metal screen, 50 Hz a.c. interference 18 greatly reduced, |

Because the source of brain wave h@g@w the input imp.edance of the
preamplifier should be more than 10 MQ to_prevent reduction of signal amplitude. Further

by cascading, the gain of the amplifier is increased to 1 6750 as to drive the recorder or
imagi without any difficulty. The output voltage from the amplifier may either b

nplilier may €Ither be
-applied directly 107 e-f(.l,g_;?:l nnel display through the.filter bank or it may be stored as

- _data on a tape recorder or in a computer memory for further processing. ie Tilter bank

consists of appropriate filters to select different types of brain waves. There are other .
acilities are available to record evoked potentials from sensory. parts of the brain such that.
there are external stimuli like visual stimulus, audio stimulus and tactile (touch) stimulus. The .
time delay between the stimulus and response can also be measured in the signal processing. |-
unit. In the eight channel pen recorder there are 8 pens such that a pen for each channel.
The normal paper chart speed is 30 mm/second. There are also 60 mm/second for higher |
frequency recording and 15 mm/second to conserve paper during setup time.

4.4.5 Analysis of EEG

EEG helps physicians to diagnose the level of consciousness, sleep disorders, brain
death, brain tumors, epilepsy and multiple sclerosis. |

!
(i) Level of conscipusness

EEG‘chan'ges with the level of consciousness. Diminished mental activify usually
results in a lower frequency and large amplitude EEG wave. EEG has made valuable
. contribution to the study-of sleep physiology. Figure 4.26 shows the variation of EEG with
respect to sleep or the level of consciousness. In that ﬁgﬁre REM means rapid eye
movement. REM sleep coincides with the periods of dreaming. L PR

/
As the,'
es. Thus, .

hEI'ZC{ displgys characts:ristit: features during.the application of anaesthesia.
anaesthesia is applied, the brain wave frequency decreases and the amplitude increas

-




f light if-the grandmal arises from visual cefiter-or he hears a noise if it arises from acoustic
«/center. The grandmal seizure extends from few $econds {0 several minutes. In the peritmal
- attack spikg@vawﬁs are produced with a.frequency 3 Hz. amd its seizure lasts for 1-20

: | ’S:CCODdS-_ . \0 ™M ' ‘ o \\_ ) .
45 (\ ELECTROMYOGRAPHY (EM&L‘—)(/ \0

G-?:Jectromyography is the science of recording and interpreting the .ﬂl@glﬁ‘ff’!j??i_ﬁ,ty
- of muscle’s_action: potentials. Meanwiile the recording. of the peripheral nerve’s action
- potentials-is-called elecb'onewogm;ilil) The electrical activity of the underlying muscle’can

R

4. piopotential Recorders 153 .
¥ 4 2
(heta and delta waves appear. In the case of cerebral death (brain death), EEG shows a :
permanent absence of brain wave eventhough respiration and circulation are maintained.
‘ Awake A AWAIAAA A WA -——-"7 2 azagles Aol wote e,
v A ctod ton Lot i
Light sleep W 7l = ’t \eil
- ‘ _ O W
' A - Lo et I
: REM sleep /"“W‘V\M’V‘t\/‘f‘”‘\/\/’ SR 7 9') [/( ﬁee/{) l ;ﬁ
o _. R .
- Deep sleep ww N\ QLS‘»*/P L bp : 5%]
: ; : ] So. > 'C_\,,L,MO
. A C'&W ¥ M ﬂ
Cerebral death ~*7 ﬂu U’/E\’ , . : &
_ ; 1s Js0pV Figd.26 EEG waves for different level
i i | i \\}, !f)/‘{ﬂuﬁ dcm% - = ;
' 1_13_1100pV o J hd L @LY‘M':’
Brain Tumors v o
. If the tumor displaces the cortex and if it is large enough, the electrical activity will ;;,
be absent in that part of hemisphere, since no electric potentials originate in the tumor itsclf. i
Thus an extinguished or damped EEG over a certain part of cortex can thus be asignof a” (
tumor. ' | | 2
Epilepsy
' Epilepsy is a symptom for brain damage. This may due to defects in the birth delivery }
or head injury during accident or boxing. It-may also be due to brain tumor. Epilepsy is-a %
~ disease and is characterised by s chronous' discharge of large groups. of neurons, often z’é
..including -the whole brain. Epilepsy is divided info twotypes, grandmal and peritmal. %
«.Before grandmal attack, the patient recognizes a set of symptoms such that he sees a flash
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be measured by placing surface electrodes on the skin. To record the action potentialy o |
individual motor unis, the needle electrode is inérted into the muscle. Thus EMG indicate, i
g;)e amount of activity of a given-muscle or a group of muscles and not an individual nery, |
10€TI. ' : 7 ™o

The action potentials occur both positive and negative polarities at a given pair of
electrodes; so they. may add or.cancel each other. Thus EMG appears, very much like

~ random noise wave form. The contraction of a muscle produces action’ potentials. Whep
-~ there is stimulation to a nerve fiber, all the muscle fibers contract simultaneously developing

~

: vécFion pqtentials.-ln a relaxed muscle, thete is no action potential.

~-45.1.. Recording setup + - .

| S 5. .. . . . ' .
.o . e -4 Oscilloscope

s s 0 e \ . -,
EMG NG . | o Tape _

. -Input amp. o ©| recorder
L =t |

Fig.4.2'7_. Block diagram:for EMG recording set up .\

Figure-4.27. shown the typical setup- for EMG remrding.@é.Sutfacg electrodes or

needle electrodes pickup the potentials produced by the contratting muscle~fibérs: [ The
- surface electrodes are from Ag-AgCl and-are in disc shape)The surface of the skin i§ cleaned
- and electrode paste is applied,/The electrodes are kept in.place by means of elastic band
'By"that -way, the contact impedance is reduced below 10 kQJThere are two fypes Of1
g

- ¥

tonventional electrodes: bipolar and unipolar . type electrodes) In the case”off bipo
e skin i |

P— o nset w s e

- electrode, the potential difference between two surface electrodes resting on th
mcasurEE_!.jIn the case of umipolar electrode the reference surface electrode is placed on the |
skin and~the needle electrode, which actsas active clectrode, )is inserted- into the muscl
Because of the small contact area,(these unipolar electrodes have high impedances ranginé
from 0.5 to-100 MQWith needle electrodes, it is possible to pickup action potentials from

~ selected nerves or muscles and individual motor units, In the case rigl electroaey

consists of an insulated wire threaded through a hiyperdermic needle ith an oblique t;p.fOf

R
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- Biopo© ' e metallic wire act:
cts as reference and the metd

' jackeh 8 ‘ record the act
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Joring electrode. The. n
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o @us EMG is very uséful for studying the neuromuscular function, neuromuscula

conditi

.~ like myasthenia gravis which can produce a highly damped impulses during contraction of the

 gigrthls range from 0.1 to 0.5.mV.

" one for recording. A light sensitive paper mov

4.5.2. Dﬁ@ninaﬁon of conduction velocities in motor nerves -

Yoot

(S WU

_ ‘_:.-.t'hc stimulating impulse and the muscle’s action po entiﬁ
. '. s > J— N o . ‘r

. Mimulating electrode are placed at two points o

| reé‘chgé 'the muscle, this contracts with a short twitch. Since

i
5 ! he typ
 ignals depends upoR AN
litude-of the EMG Sighe= = at is/the su
( The ,ampli - aofmuscular,ﬁxemons.Th [ﬁl"various g

- » e fro
lmﬁgi"i};‘@nqﬁzmduces an avera%reo:fléasgingle e et Gencrally EN

i ] .20 Hz
: eedle electrode picks u the voltage Lr0 components from
o g ﬁ” By fmqpuai;l%lter, {)hc electromyograpt

. : ing low ,
10 k He-ywhich are in the audid range. B K 2 z for clinical purposes( The ot

o oo Aic fren 20 Hz to 200 H . ders are n
estricts This frequency range from 20 Hz 10 ¥ 7 trip chart recorders
;requency of EMG is about 60 Hz JTherefore the slow speed Suofcop;e and photograp!

15 are di .cathode ray OSCi id | '
useful and the signals are displayed onmz cathode ray tubes, one for viewing and otll

es over the recording cathode ray tube and tl

ing i e the visible image. Ft
: ace is produced on that paper. After developing it, onc can s s
g:t%nuou}; recording, the paper speed is about 5t025 cm/sccondéqr short duration I
about 50 to 400 cm/second))The paper width is abou: th cm.

recordings are made. Normally there are

.....

A The amplifier should have uniform fréqueqcy response in the frequency range froi
10 Hz to 1 kHz with high CMRR (100 dB) and input impedance greater than 10 MQ. Th
signal is also recorded in the tape recorder for future reference. Further the myographier-ca

\ listen the sounds from the loud speaker and from that he can diagnose the neuromusc:la
disorders. :

reflex responses and extent of nerve lesion and diagnosing the muscular disease

muscles due to too rapid fatigue of the neuromuscular synapses. /. -

‘The measurement of conduction-velocity in motor nerves. is used to indicate the

:v.:?'_‘i!gp'z.xtion'and type of the nerve lesion. Herc' the nerve function is examinea directly at the
- various segments of the nerve by means of stimulating it with a brief electric shock havin

.-a pulse fluration .c’)f ;0.2 - 0.5 milliseconds and measuring the latencies, we can calculate the
.. Conduction velacity in that peripheral nerva.(j tency is defi ' »

g

ed-as-the elapsed time between
o T/ g

.

\ \_“-"‘—-‘
Figure 4.28 illustrates the measuremes: pfocedure:.}The EM

_ he EMG electrode .and the
n the skin, separdted by a known distance
¢ stimulating electrode, When the excitation

1. A brief elestrical pulse is'applied throughi th

ince all the nerve fibers are stimulated

/



i oy s elv?non of the.mus cle fiber, This ane. > SAME in all nerye fibers, there
5 muscle is pj
ope along with the lsetil:lsll:ﬁed
INg impulse and muscle’s acticla1
osAmoned with the distance ol}
2 < ly. The latency is now measureq
" EMG electrode

s
y ow t
-.Stparation as |, metres, Am: he .two electr]odes are rep
ces
1 and ]2, 1

Fig.4.28. Determination of conduction velocity in n' motor nerve

, i, Iy -1 .
The conduction velocity,v = _1_. = /

t -ty

The conduction velociry in peripheral nerves isEmrmall S0 m/s.
40 m/s, there is some disorder in that nerve corduction.'

w/

46  ELECTRORETINOGRAPHY (ERG) AND ELECTROOCULOGRAPHY (EOG)

.The recording and interpreting ‘the electrical pétivity of eye is. called
electroretinography. All sense organs are connected to the brain but the eye has a special

Biomedica/ Instrumentaﬁo”.
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