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information about the patient. This additional information may be entered through keyboard.

During transmission of the ECG signal, the electrocardiogram signal is simultaneously recorded

to verify that the transmitted signals afe free from artifacts.

Holter recordings

Arrhythmia does not occur conlinuously. It exhibits during emotional stress or only under

certain conditions. Continuous recording of ECG introduced by Norman Holter makes it

possible to capture arrhythmias. A special magnetic tape recorder is used to record during

patient's daily routine. It can be kept at his/her pocket for 4 to 5 hours of recording. Slightly

Ligger size is also available to rqcord 24 hours continuously. 24 hours recording can be viewed

in 12 minutes at higher speed in a display unit. Once the duration and time of arrhythmia is

noticed, snapshot printouts can be taken.

5.16 MEAST]REMENT OF BLOOD PRESSI.JRE

Blood pressure is usually measured by means of an indirect method using a

sphygmomanometer. It is one of the physiological variables that can be readily measured' It is

a good indicator of the status of the cardiovascular system. Many persons were saved from

unexpected death by providing warnings of dangerously high blood pressure in time. Blood

pressure measurement using sphygmomanometer is easy to use and it can be automated. The

main disadvantage in this method is that it cannot give continuous recording of pressure

variations, and it gives systolic and diastolic pressure only. This method fails when the blood

pressure is very low. Continuous recording of blood pressure is possible in direct methods.

Direct methods require puncturing of the blood vessel to insert a catheter to connect a

transducer. This limits the usage of direct methods of measurement of blood pressure. The blood

pressure can be measured in the following three ways:

(i) Indirect/Noninvasive methods

(a) Manual
(b) Automated

(iii) Direct/lnvasive methods

5.16.1 Indirect Measurements

By using sphygmomanometer and a stethoscope, blood pressure can be indirectly measured.

The sphygmomanometer has an inflatable pressure cuff and a mercury manometer to measure

the pressure in the cuff. The cuff has a rubber btadder inside an inelastic fabric covering. The

fabric can be wrapped around the'upper arm and fastened with either hooks or a fastener. The

cuff can be inflated by rubber bulb and deflated slowly by a needle valve. Now, the upper arm

is encircled by such an inflatable rubber bag contained in a cuff which is connected to a

pressure pump and manometers. By pumping, the pressure in the bag is rapidly raised to

200 mm of Hg which is sufficient to wipeout completely the brachial artery so that no blood

cornes through, and the radial pulse disappears. The pressure is then lowered to a point where

the pulse can be felt or when the (turbulence is generated in the blood as it spurts through the

tiny arterial opening. This sound is called Korotkoff sound) pulsation of the brachial artery at
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the bend of the elbow can be distinctly heard. At ihis point the pressure shown on the column
of mercury in the manometer is considered to be the systolic pressure. The pressure in the cuff
(over the brachial artery) is then gradually reduced until the heart sounds or arterial pulse beats
cannot be distinctly heard or felt, and the point at which the sounds begin to fade is generally
accepted as the diastolic pressure. The cuff pressure versus systolic and diastolic pressures are
shown in Figure 5.22.

Cutf pressure
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Figure 5.22 Cuff pressure versus systolic and diastolic pressures.

The difference in pressure between systole and diastole is called pulse pressure and
is normally from 30 to 50 mm of Hg. The lower limit of systolic pressure in the normal
adult is estimated at approximately 100 mm of Hg and the upper limit at 140 mm of Hg.
Age group and their normal blood pressure range are shown in Table 5.5.

This method of locating the systolic and diastolic pressure by listening to Kororkoff
sounds is called the ausculatory method. Systolic and diastolic pressure can also be located by
identifying the flow of blood in the artery by feeling the pulse of the patient downstream from
the cuff. This method is called palpatory method. Systolic pressure can easily be measured by
this method, but diastolic pressure is difficult to identify. That is why ausculatory methor.l is
more commonly used.

Table 5.5 Age Group and Blood pressure Range

S. No Age group
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in mm oJ Hg
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5.16.2 Autoriated Indirect Methods

Using Kwotkoffs method

Most of the automated indirect methods are of the type that utilizes a pressure transducer

connected to the, sphygmomanometer cuff, a microphone placed below the cuff (over the

artery). Cufl pressure and the korotkoff sounds are recorded by a standard physiological

recording system. The basic procedure is identical to the manual method. The pressure cuff is
automatically inflated to about 2 -20 mm of Hg and then allowed to deflate slowly. The

microphone picks up the Korotkoff sounds from the artery. In one type of instrument, the

signals of Korotkoff sounds and the falling cuff pressure are superimposed. In another type'

they are separately recorded. The pressure reading is at the time of.first sound heard represents

the systolic pressure. The diastolic pressure is the point on the falling pressure curve at which

the sound disappears. This instrument is still used in semiautomatic mode because the recording

thus obtained must be interpreted by the observer.

Rheographic method

In this method a set of threje electrodes A, B and C are attached to the cuff so that they have

electrical contact with the skin as shown in Figure 5.23. A good contact of the electrodes with

skin is required to reduce the skin-electrode impedance and to produce good result. The

principle behind this method is the modulation of 100 Hz signal applied between the two

electrodes A and C. according to variation of electrical contact resistance between skin and

electrodes due to pulsating. This modulated signal is used to detect arterial pulses by

demodulation and amplification of the signal. When the cuff is inflated above the systolic
pressure, no pulse is detected by the electrode A at the far end. When the cuff is deflated slowly

and when the cuff pressure is just slightly below the systolic pressure, the pulses appear. This

first arterial pulse operates a valve to fix a manometer pointer to indicate the systolic pressure.

Note that the electrodes A and C are physically displaced. Hence as long as the pres

cuff is between the systolic and diastolic pressures, differential signa[ exists due to
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Figure 5.23 Rheographic method.
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of signals at the electrodes A and C. As soon as the cuff pressure reaches the diastolic pressure,
the arterial blood flow is no longer restricted and the differential signal disappears. At this tinre
a command signal from differential amplifier indicates the diastolic pressure.

Ditfere ntial ausculalory technique

It is a noninvasive method to measure the blood pressure accurately. Two pressure sensitive
elements are placed one over the other sandwiched between air bag and hand as shown in
Figure.5.24(a). Figure 5.24(b) illustrates how high frequency pulses are generated each time
intra-arterial pressure exceeds the cuff pressure.

Blood flow
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Figure 5.24 Ausculatory technique.
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As long as the cuff pressure exceeds the artery blood pressure, the artery held closed and
no pulse is generated. Whenever the cuff pressure is slightly aboye artery pressure, then the
blood flow is blocked, but the artery pressure builds up till it momentarily exceeds the cuff
pressure and the anery snaps out some blood to the distal and a pulse is created. If the cuff
pressure is well below the diastolic pressure, there is no pulse generated in the artery. Note that
the pulses are generated between systolic pressure and diastolic pressure and superimposed on
the pressure wave. The frequency of the pressure wave is in the range of 0.5-5 Hz and the
frequency of pulse is in the range 10-80 Hz. Sensor 'A' is placed over the arm and the other
sensor 'B' is placed between the first sensor 'A' and air bag. Therefore, the second sensor 'B'
scnses the pressure wave only, whereas first sensor 'A' senses pressure and pulses. Both air bag
and first sensor act as a low pass fiiter. Therefore, sensor 'B' senses the low frequency pressure
wave alone. Difference between the sensor'A' signal and sensor 'B' signal gave pulses alone.
The pressure in the cuff at the starting of pulse gives systolic pressure and the cuff pressure at
ending of pulse gives diastolic pressure.

Oscillometric measuremenl method

It is also noninvasive method. Ausculatory method is sensitive to sound hence it is affected by
ambient noise. On the other hand, oscillometric method is not sensitive to noise. It is working
on the principle that as an occluding cuff detlates from a level greater than the systolic pressure,
the artery watls begin to vibiate as the blood flows turbulently through the partially occluded
artery. These vibrations will be sensed by a transducer.in the cuff. As the pressure further
decreases, the oscillations increase to maximum amplitude and then decrease till the cuff
deflates to a level lesser than the diastolic pressure. As soon as the pressure falls below diastolic
pressure, the blood flow becomes normal. The cuff pressure at the point of maximum amplitude
usually corresponds to mean arterial pressure. The relation between the mean arterial pressure
and systolic and diastolic pressure are proven empirically.

A proprietary algorithm developed by the manufacturer will be supplied with the device
to find systolic and diastolic pressure from the mean pressure. Blood pressure is usually
obtained by application of mathematical criteria to the locus of oscillometric pulse index. The
baseline cuff pressure at which the envelope attains maximum height is regarded as the mean
arterial pressure (MAP). The systolic and diastolic pressures ale obtained by using the relation
between MAP, systolic and diastolic pressures. The slope and amplitude are used to find a

relation. Instead of using the envelope of peak values, a normalized peak index with respect to
MAP can also be used. Oscillometric pulses are identified using ECC gating technique, and it
can be measured either in the upper arm, wrist, finger or thigh. Figure 5.25 shows a typical
pressure monitoring system based on non invasive blood pressure measuring method (NIBP).
An air pump is used to inflate autofrratically the patienr's cuff. The pump is of a membrane type,
and it is enclosed in a casing filled with foam rubber to attenuate noise. The system includes
safety valve (SV) to prevent pressure above 300 mm of Hg, a bleed valve, and an exhaust valve.
The valves are controlled by solenoids and they are in turn controlled by Darlington driver
circuit. A watch dog timer prevents prolonged inflation of the cuff. Operation of pump and
valves are under microprocessor control. The absolute pressure and fluctuations caused by the
arterial wall movement are sensed by the piezo resistive pressure transducer. The pressure

transducer is excited by a 4 mA constant current source. The output of the pressure transducer
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(d) Schematic diagram of a NIBP measuring system

Figure 5.25 Oscillometric method.

is a differential signal. The amplification of this signal is done through a circuit consisring of
zero and span adjustments. It also includes LP and HP filters so that the circuit amplifies the
cuff pressure fluctuations. HP filter blocks dc components and LP filter blocks offset voltages.
Microprocessor is used to record signals and to control valves.

Ultrasonic doppler shift method

It is based 
'on the ultrasonic detection of arterial wall motion. The systolic and diastolic

pressures are obtained by analyzing the wall motion signals. This method employs a

transantaneous Doppler sensor that detects the motion of the blood vessel walls during
occlusion. Figure 5.26(a) shows the arrangement of the two small transmitting and receiving
ultrasound crystals below the pressure cuff. The signal transmitted by the ultrasonic crystal is
focused on the artery wall and the blood. The reflected signal received by the receiving crystal
consists of shifted frequency. On dgcoding the reflected signal, one can get the phase'difference
between transmitted and received signal and is proportional to the velocity of the wall nrotion
and the blood velocity. As shown in Figure 5.26(b), the cuff pressure is increased above
diastolic pressure but below systolic pressure so that the artery opens and closes with each heart
beat as the artery pressure oscillates above and below the cuff pressure. The opening and
closing of the artery are detected by the ultrasonic transducers. tf the cuff pressure increases,
then the time duration between the opening and closing of artery decreases. When the systolic
pressure and cuff pressure becomes equal, the time duration decreases to zero. The cuff pressure

Bleed
valve
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reading at this point is the systolic pressure. On the other hand, when the cuff pressure coincides
with the diastolic pressure, then rle time duration between opening and closing of artery widens
and coincides with the next cycle of opening and closing (i.e., closing of first coincides with
the opening of next). In other words, the artery becomes open for complete pulse. The relation
between the Doppler frequency A/, velocity of the artery v/ and carrier wavelength 1," is:

2v

{

4 and 1, =0.7q x l0-2 m
Lf

This gives the relation between Doppler frequency {2t and arterial wall velocity u7. The
main advantages of this method are that it can be used under high noisy environments and can

be applied on infants as well as hypertension patients. The main disadvantage is the movement
of body may displace the path of ultrasonic wave directed towards artery. By using this method
complete plot of artery pulse can also be obtained.
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(a) Doppler shift

Figure 5.26

In addition to above three rnethods, other kinds of detectors used are photo electric, electro
acoustic, thermometric, electrocardiographic and tissue impedance devices.

S.I7 DIRECT METHOD OF MEASURING BLOOD PRESSURE

Direct methods of measuring blood pressure can be divided into two general categories
according to the location of the sensor element. They are extravascular sensor type and
intravascular sensor type. In the extravascular method, arterial pressure is coupled with external
sensor eiemenr rhrough iiquid fiiied catheter. in the intravascuiar rnethod, sensor is incorporated
in the tip of a catheter so that it can be placed in the arterial system. Sensor elements may be

either strain gauge, LVDT,, variable inductance, variable capacitance, optoelectron ics,
piezoelqctric or semiconductor devices.

5.17.1 Extraiascular Sensor Type

The extravascular sensor system is made up of a catheter connected to a three way stop cock
and then to a pressure transducer. The catheter sensor system, which is filled with a heparin-
saline solution, must be continuously flushed with solution to prevent blood from clotting at the
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tip. The catheter has to be inserted by the surgical cut-down or by percutaneous insertion into

artery. Blood pressure is transmitted through the catheter liquid column to the transducer. A
typical setup of a fluid-filled system for measuring blood pressure is shown in Figure 5.27.

Fluid filled system should be thoroughly flushed before inserting the catheter into the blood

vessel. A steady flow of sterile heparin-saline is used to pass through the catheter to avoid

clotting of blood in the catheter. Air bubbles damper the frequency response of the systgm so

it should be free from bubbles.

Pressure
transducer

Boller
clamp

Three way
stopcock

Figure 5.27 Extravascular sensor system.

5.17.2 Intravascular Sensors

The hydraulic connection between the source of pressure and the sensor element is removed in

the intravascular type. This improves the frequency response of the system and enables the user

to obtain a high frequency response and eliminate the time delay as we have in the extravascular

system. Many types of sensors can be used in the catheter tip including strain gauge system

bonded on to.a tlexible diaphragm at the catheter tip. Gauges of this type can be incorporated

in a 1.67-mm length, 0.33-mm diameter catheter tips.. Modern catheter tips may beconte

available in much smaller size without electrical drift and fragility. Catheter pressure sensor is

more expensive than others and may break on continuous use. This is the major disadvantage

of this method. Low cost fibre optic intravascular pressure sensors are available nowadays. This

system measures the pressure by using the variation of the light from the back of the deflecting
diaphragm. Even though this is inherently safer electrical device, it requires reference pressure.

A fibre optic micro tip sensor used to measure blood pressure in vivo method is shown in Figule

5.28(a). One end of the fibre bupdle is connected to the blood through thin nretal membrane'

and the other end is bifurcated into two parts. One part is connected to a light emitting diode

(LED) source and the other end is connected'to the photo detector. The blood pressure causes

membrane deflcction and varies the coupling between the LED source and the photo detector.

The displacement versus output characteristics is shown in Figure 5.28(b).
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(a) Fibre optic catheter

Figure 5.28
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lntravascular sensors.

5.17.3 Disposable Pressure Sensors

Reusing of pressure sensors has the risk of cross contamination and abuses of reprocessing and
repeated user handling. A small integrated sensitive and inexpensive pressure disposable sensor
is made by micro machining silicon, a pressure diaphragm is etched and piezo resistive strain
gauges are diffused in to the diaphragm. This small chip can be incorporated into a disposable
pressure monitoring system. Along with these sensors high input impedance devices have to be
used to avoid self heating that may lead to error.

5.T8 MEASI]REMENT OF BLOOD FLOW AND CARDIAC OUTPUT

Measurement of concentration of oxygen (o2) and other nutrients in the body cells are
important as far as physician is concerned. These quantities are very difficult to measure
directly, but can be estimated from the flow and constituents of blood in blood volume.
Commonly available flow meters such as orifice, turbine flow meters are not suitable since they
require cutting of artery and may cause clots in the blood. Therefore, special techniques are
required. Let us discuss some of the special blood flow measurement techniques. They are
based on one of the following physical pnnclp ies:

(i) Electromagnetic induction
(ii) Ultrasonic method
(iii) Thermal convection

(iv) Radiographic principles

(v) Dye or thermal indicator dilution

5.18.1 Magnetic Blood Flow Meters

It is based on the principle of electromagnetic induction. Flemings right hand ruIe states that
the emf induced in the conductor, under the influence of magnetic field is directly proportional
to the velocity of the motion of the conductor. In the magnetic blood flow measurement, the
conductor is the conducting fluid (blood). Figure 5.29(a) shows how Flemings right hand rule
(FRHR) is used in magnetic blood flow meters. A permanent or electromagnet is placed such
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that the magnetic field is perpendicular to
the direction of the blood flow. A set of
electrodes is placed across the blood vessel

mutually perpendicular to both magnetic

field and direction of blood flow.
The emf induced across the blood

vessel is proportional to the velocity of the

blood. Lumen diameter blood flow probes

are shown in Figure 5.29 (b). The 'C type'
probe is applied by squeezing an excised

blood vessel together and slipping it
through a slot of the probe. A key stone-

shaped segment of plastic used to close the

slot. For better results the orifice of the

Blood
vessel

Output voltage
sensor electrodgs

(a) Schematic diagram of magnetic (b) Lumen probe

blood flow meter

Figure 5.29 Magnetic blood flow meter.
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Figure 5.30 A typical blood flowmeter
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probe must fit tightly around the artery vessel. For this reason, probes are available with various

diameters ranging from 0.5 mm to 20 mm. The output of magnetic blood flow tratlsducer is in

micro volts. In permanent magnetic type, the output is subject to amplifier drift and electrode

polarization. To eliminate this problem electromagnets with ac input are used. The problem due

to ac input is transformer action error signal. This problem can be solved by using dift'erent

waveforms instead of sin wave. The block diagram of a typical magnetic blood flow meter is

shown in Figure 5.30. An oscillator in the fiequency range between 60 Hz and 400 Hz is used

to drive electromagnet and control signal for the gate. Average flow rate ihn be obtained by

using a low pass filter.

5.18.2 Ultrasonic Blood Flow Meters

In this method, a beam of ultrasonic wave is used to get the signal proportional to the velocity

of blood flow. It can be operated either based on the transit time method or Doppler principle.
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Figure 5.31 Ultrasonic blood flow meter.

5.f8.3 Blood Flow Measurement by Thermal Convection

A hot wire in a flowing liquid medium cools itself at the rate proportional to the flow rate of
the liquid. This principle is used to find the flow rate of the btood. Conversely energy.required
to maintain the temperature of hot wire immersed in a flowing liquid is directly proportional
to the velocity of the flowing liquid. This method of measurement can be made in rwo ways.
In one method, a thermister is kept at constant temperature by using a servo controller. The
energy required to maintain the temperature constant is directly proportional to the velocity of
the liquid. In another method, a heater is placed in the flowing liquid. Two transducers, one to."u.rT: the upstream temperatgre and another to measure the downstream temperature are
used' The difference between the two temperatures is directly proportional to the veiocity of the
blood.

5.18.4 Radiographic Method

x-ray penetrates blood and blood vessels. The blood circulation pattern can be made
locally visible by the injection of a contrast medium tike iodated organic compound into

In the transit time method, a pulsating beam is directed through a blood vessel at a shallorv
angle and then the transit time is measured. The duration of transit time is either shortened or
lengthened depending upon the direction of blood flow. The duration is function of velocity of
blood flow.

Figure 5.31 shows a typical ultrasonic flow meter based on the Doppler principle. An
oscillator is used to give signal at several MHz. It excites the piezoelectrit transducer. Let F
be the frequency of signal radiated through blood from the source. Due to the velocity of the
blood, a 'Doppler shift in the frequency occurs. Let + Fo be the shift in frequency. Therefore,
the frequency of the received signar is either F + FD or F - Fo which depends upon the
direction of blood flow' F2 is directly proportional to vetocity of the blood. The difference
between the original and shifted signals gives the Doppler frequency f'2. It is in the audio
range with narrow band noise. A frequency meter calibrated in terms oi flo* rate units can
be used to read directly. It does not give the direction of flow. To find the direction of flow,
extra circuit is required.
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P = B 
litre/min

where B is the amount of indicator injected.
The fourth variation in this method is shown in Figure 5.32(d). Here, the indicator is

injected as a body in a closed loop system.

J, at

l,at
I

medium can be used to detect obstructions and blood flow rate in the artery. This technique
is called video (or cine) angiography. Angiography can be used to estimate thc cxtent of
damage due to stroke or heart attack. Another variation in this method is instead of contrast

medium, radioactive isotope can be used and can be detected by radio active image detecting
devices.

5.18.5 Indicator Dilution Method

This method measures the blood flow, not the blood velocity. Theoretically speaking, any

substance readily mixable can be used as an indicator. Concentration of the substance in the

blood reveals blood flow. lndocyanine dye used in isotonic solution is a good indicator. The

concentration of this can be measured by using densitometer or calorimeter. This is called die

dilution method. Most frequently used indicator is isotonic saline. ln this thermal dilution
method, saline is injected into the body at a temperature lower than the body temperature. The

isotonic saline solution concentration can be measured by the temperature using thermister.
Figure 5.32 shows the principle of operation of dilution method. The first method is the open

circulation method. It is assumed that the fluid is not re-circulated. The indicator is continuously
injected at a constant infusion rate (/ milligram per minute). The concentration after infusion
is sensed at downstream. Figure 5.32(a) shows concentration measured at the downstream with
respect to time. Note that after a delay, the concentration gradually increases and then reaches

a steady state value (C, milligrams per litre). The following relation gives the blood flow:

/ (milligram/min)l (lttre/mtn) = cJ,n,llf,r"n-,/it,,")

Fick method of measuring cardiac output is based on this method. ln this method the

oxygen collected into the blood by lungs is taken as indicator. The infusion rate is determined
from the oxygen content in exhaled and inhaled air. The infusion rate is the difference in
oxygen content. Short-term fluctuations can be averaged out by taking long time reading. An
automatic system continuously employed will calculate the cardiac output from the
measurement of oxygen concentration and oxygen consumption. Figure 5.32(b) shows a closed

loop system. The concentration does not assume a steady state value, but increases like steps

when a dye or isotope is used and it is being re-circulated. The point at which re-circulation
begins is indicated by R. The third variation in this method is shown in Figure 5.32(c). In this
case, the indicator is injected as a bolus instead of infusion at a constant rate. Concentration
initially increases and then exponentially decreases. The area under the curve gives the blood
flow. That is
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Figure 5.32 Principle of operation of dilution method.

Swan-Ganz catheter is a special type of catheter. It has four lumens as shown in
Figure 5.33. One for thermistor sensor to measure temperature, the second one for saline
injection, the third one is for pressure measurement and the fourth one is for balloon inflation
by floating the catheter along the flow using infected balloon. Once the catheter is placed in the
artery, the balloons are inflated to keep the catheter in tag. Pulmonary temperature is measured
by thennistor during injection.
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Figure 5.33 Swan-Ganz catheter.
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5.18.6 PlethysmograPh

It is an instrument to measure change in volume of the blood. It is very useful in the diagnosis

of arterial obstructions as well as for pulse-wave velocity measurements. The measurements of

these volume changes or phenomena related thereto are called plethysmography. Strictly

speaking a plethysriograph it on" that actually responds to changes in volume One such

instrument is shown in Figure 5.34.
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Figure 5.34
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Plethysmograph.

It consists of a rigid cup or chamber placed over the limb or digit in which the change

in volume is to be measured. The chamber is tightly sealed to the part of body to be measured

such a way that any change in volume of the limb or digit will change the pressure inside

the chamber. Both air and fluid can be used to fill the chamber. The instrument can be

designed either for constant pressure or for constant volume' but for both cases a pressure

tranJducer is required. The base line reference pressure can be obtained by using a calibrating

syringe. The ouiput of the pressure transducer is calibrated to change in volume of the blood.

ri"p"-naing upon the inflation of the cuff, the plethysmograph measures either change in

volume per hlart beat, or total amount of blood flowing into the limb or digit being measured'

To meaiure the volume per heart beat, the cuff should not be int-lated. Therefore, the btood

flows into the arm and out of the arm during systolic and diastolic cycle. The output signal

is simply a sequence of pulsations proportional to the individual volume changes with each

heart beat. On the other hand, if the cuff is inflated above diastolic f,ressure but below systolic

pressure, the blood entered into the arm cannot return back through vein. The blood goes on

accumulating in the arm as shown in Figure 5.35 till the back pressure does not allow the

blood furthir. From this method the total volume of the blood entered into the arm is

obtained. The slope obtained by joining the systolic peaks represents the overall rate at which

blood enters the arm.
Variation in the instrument js capacitance plethysmograph. In this type the part of body

in which the volume of blood being measured acts as one plate of the capacitor. Another plate

is placed at a fixed distance. The variation of capacitance between the plates due to change

in volume of the blood in measuring part is transduced to find the change in volume. This

can be used for continuous monitoring by calibrating the change capacitance as change in

volume. The third variation is instead of measuring the change in volutne, the change in

diameter at a certain cross section of a finger, toe, arm, leg or other parts of the body can

be measured by using this method. By using mercury strain gauges the change in diameter

OPT
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can be measured. Mercury strain gauges consist
of a segment of small diameter etastic tubing just
long enough to wrap around the parts to be
measured. During each cycle, the parts diameter
increases and the length of the tubing increases.
At the same time diameter of mercury tubing
decreases causing increase in resistance. The
change in resistance can be transduced and
calibrated as change in volume. Another variation
is photoelectric plethysmograph based on
change in optical density due to blood flow.

0 4 A E 16 20
Time in sec.

Figure 5.35 Blood volume accumulated
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5.T9 FETAL MONITORING SYSTEM

The fetus while in the uterus is mechanically shielded from the outside world so that it can grow
there. This shield itself limits the information about the fetal condition. The only information
which is readily obtainable about the fetus from the maternal abdominal wall is fetal heart
activity and fetal heart sound. These are mixed with maternal signals. An expert handling can
alone isolate and interpret the mixed up fetal signals. The condition of fetus can be assessed by
observing blood flow in the fetal heart and ils heart rate. Fetal heart rate (FHR) yields status
of the fetus.

Table 5.6 Various Methods ol Cardiotocograph

S. No. Method Foetal heart rale Ulerine conlraclion

External
(Indirect)

(a) Abdominal FECG
(b) Fetal phonocardiogram
(c) Ultrasound technique

(narrow beam and wide angle
transducer)

Tocodyamometry (To measure uterine
tension transmitted to the abdominal
skin surface)

2 FECG with scalp electrode (Spiral,
clip or suction electrode may be
used)

Intrauterine pressure measurement
(Fluid filled intra-cervical catheter
with strain gauge transducer)

5.19.1 Cardiotocograph

The instrument which gives simultaneous continuous recording of fetal heart rate and labour
activity is called cardiotocograph. This instrument detects long-term bradycardia or
tachycardia and assists in evaluation of heart rate response and response due to uterine
contractions. Cardiotocograph is designed to record fetal heart rate on a beat-to-beat instead
of average basis. The commonly used methods in cardiotocograph during labour are shown
in Table 5.6.

Internal
(Direct)

i

iI
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5.19.2 Methods of Monitoring Fetal Heart Rate

Abdominal fetal ECG (AFECG) can be obtained by placing the electrodes on the mother's

abdomen. This gives both maternal and fetal ECG as shown in Figure 5'36'

FF FFF

FF

F

MM MM
(a) BW 0.2 to 200 Hz

FFF

M M

'I sec

(b) BW 1H0 Hz

Figure 5.35 Abdominal ECG recording'

In FECG, magnitude of R wave is 100 microvolts to 300 microvolts, whereas R wave ECG

of an adult has magnitude of I millivolt. This difference requires very high signal-to-noise

ratio. In addition to this, low polarization effects and orientation of electrode are also

important. The fetal heart rate is computed from the fetal ECG by QRS wave shaping. Fetus

heart rate is approximately twice that of the normal adult and in the range (l l0 beats per min

to 180 beats per min). Figure 5.37 shows the block diagram of the AFECG processing unit

for computing fetal heart rate. Preamplifier has very high input impedance (100 mega ohm)

and good CMRR ratio (120 dB). Input stage has isolation circuit. A power line frequency

filter is included to remove power line noise. Then the signal is split into two channels as M

and F channels with suitable filters. M channel can be easily fdund by. taking high amplitude

signals. This M signals can be used to remove M signals in the F pulse generation by blanking

to get fetal heart ECG.

M
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FECG

To

F Heart
rate circuit

M Pulse
generalion

50 Hz
Nolch lilterPreamplifier

F Pulse
generation

Band pass
filter
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Figure 5.37 Block diagram of AFECG processing unit for computing fetal heart rate
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(Zf.u cos 0)

^f 
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c
w!9ref is transmitted frequency, a is the blood velocity, g is the angle made by the sound wave
with direction of blood flow and c is the velocity of the sound. The block diagiam of the circuit
is shown in Figure 5.38(b).

(a) Multi-receiver transdueer

Figure 5.38

Display

(b) Block diagram ot the circuit

Fetal ultrasound doppler.
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5.19.3 FHR Using Ultrasound Doppler Effect

It is an important clinical instrument used to detect fetus blood flow. This can be extended to
give fetal heart rate. For this study ultrasonic frequency about 2 MHz to 2.5 MHz is usually
employed (For blood flow study 5-10 MHz is used). The ultrasonic energy transmitted into the
body should be below 10-15 mwcm2. This instrumenr has hand held probes which may be
either pencil-shaped or flat and contains two piezoelectric cryshls as shown in Figure 5.3g(a).
The probe is coupled to the patient's skin by an acoustic gel. The use of gel avo"ids artifacts
due to air present between skin and electrode. The ultrasound transmitted b! the transmitter is
back scattered and detected by receiving crystal. If the reflecting object is moving, rhe reflecred
sound has shift in frequency. The frequency is higher if the blood ."11. i, upp.ouJing the probe
and lower if it is moving away from the probe. The relation between the change in frequency
and blood velocity is:

5,19.4 Fetal Phonocardiogram

Microphones can be used to pickup fetal heart sound from the maternal abdomen. The fetal
heart valves are very small and far away from the microphone sensor that too protected by
tissue structure. This arrangement weakens the sound signals from the fetal, and it is greatly


