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physician. To determine relative proportion of blood cells in a given volume of blood

hematocrit or packed cell volume is used. The blood sample is placed in & test wbhe which

# spun 5o that the cells are packed at the bottom under centnifugal torce provided by the

wnirifuge. Thus the packed cell volume is the ratio between the height of the packed cells

wd the height of the blood in the tube. Normal range of packed cell volume for men s
429%-54% and for women is 37%-47%,

The number of red blood cells is also counted using a microscope. Since the density

od blood cells is so large, the microscopic counting 1s ime consuming. Therefore now-a

days automatic red blood cell counters are used. The method is based on the fact that red

chk have a higher electrical resistivity than the saline solution in which they are suspended
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Fig-7.1. Automatic blood Fig.7.2. Counter display
cell counter of impulses

Figure 7.1 shows the automatic blood cell counter using electronic circuitry. A diluted
sood sample is drawn through a small orifice having diameter less than TU0 gm by means
of a suction pump. The electrodes are placed such that one in the surrounding sample
thamber and other in the suctioned blood, The electrodes are attached with the conduchivity
bridge such that their resistance forms one arm of bridge. Before suctioning, the resistance
i the electrode arm is equal to R. After suctioning of blood, cach red cell moving through
vifice will produce a sudden increase in resistance sucn that the resistance of the arm is now
qual 10 (R + AR) or Ryy. Assuming equal resistances R are placed in other arms,
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the bridge output voltage, V.. = [Rw‘ = I_] Van

(o} Vou = _ﬂ.f Vas

4R
since AR << R. Here Vyp is the constant excitation voltage of the bridge. Thus Vi, =
directly proportional to AR. The conductivity meter gives the amplified Vo, as an im pulse.

The number of impulses is counted by a counter for a certain volume displacement through

the orifice and this gives the density of red blood cells. Figure 7.2 shows the counter display
interms of impulses. The impulses having highest peaks are fewest in number. These are
due to WBCs which make highest resistance change in the orifice.  The RBCs are
represented by the peaks between threshold T, and T;. During the operation of the

is given by the total

instrument, the threshold is first set to zero and the counter oulput ‘
lets) per litre. Then the threshold s set 1o T,

number of particles (WBCs + RBCs + plate
and now the counter gives the total number of RBCs and WBCs per litre.  After that the
thieshold is set to Ty and the counter reads just the total number of WBCs, per litre.
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technique i that the angle of scattered light intensity s different for different sized P:ﬂ.“::_‘_.
The sample blood is heavily diluted to reduce the number of particles counted 1O ) nt o
tme. A sheath fluid is direcied around the blood stream to confine it 10 the center =
sperture through which a laser beam is passed. Thus the blood cells are Illumll'lilﬂ:“nff 1":‘
aser light and they scatter light. The scattering angles of platelets and red hk".-l'-dh :;- ‘l -
T having large difference so that the scattered light from these two types of cells are uu‘c_;
nto two different photo detectors. The output of the photo-detector is given 10 1 prOpeEly
calibrated digital voltmeter which gives the density of red blood cells or platelets. 1o
sceparate white blood cells from red blood cells, it is necessary to destroy the red blood cells
with a lysing agent. This also frees the hemoglobin from the blood and the concentration of
hemoglobin can also be measured.  After scparating the hemoglobin, once agayg
Mmeasurements are made. By which the concentration of white blood cells can be measured
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I. Cathode 2. Anode 3. Condensing magnetic 1e
4. Electron beam 5. Object (specimen) 6, Ghjmiﬂn:wnflit l-ens.m
7. Intermediate image 8. Projector magnetic 9. Fluorescent screen (or)
position lens Phot
10.Evacuated column s
Any microscope huhvnfunﬂinm(l)tnmngmfy the object, under observy
ake it look bigger) and [2:} o ruoh-: the object (i.e. to make clnurpnruomw :u:::
!mlled). Mlgmﬁulm is Ehlwnd‘by increasing the number of lenses used To increase
. dpnuer. lnmmcuymufmnb:cmmcmmmnntthi:dnnm
velength light used, they are not resolved. Thcrmlvm;pmn{umm
pm_m tl: %n:hc light used (Refer Problem No.l). Since ;}:
er than 2NN A 1] nu!ﬁhﬂmmm:l'--l- e Pes Cannot ry lve ohiecte



lor ". m 35 widia short <& qmr. >

6. These rectangular waves are amplified and given to the Joud speaker oF spe
analyser for further analysis after passing through the low pass filter.

7. A zero crossing rate meter is a comparator that produces an output puhbm
time when the signal crosses the zero line going from negative to p
Normally the blood flow signal contains a wide frequency spectrum in the audio
range. By using pulsed doppler, the received signal can be limited to narrower
frequency range. The zero crossing rate meter can measure the blood velocity or

the change in blood velocity very accruately.

8. Because of some limitations of the zero crossing rate meter, spectrum analysers
are used 1o derive blood flow velocity information from doppler signals. A
spectrum analyser processes short length of audio signal to produce spe:lnl
‘displays which have frequency as abscissa, time as ordinate and spectral intensity
represented by record darkening. )

6.10.3 Laser based Doppler blood flowmeters

Similar to ultrasonic blood flowmeter, laser based doppler blood flowmeters are used
to measure the blood flow velocities in various blood vessels.

Light from a He-Ne laser of S mW power and 6328 nm wavelength (figure 6.16) s
G.‘lupled into the quartz fiber using a converging lens which resulls in an increased power
dﬂmly at the skin surface and thus enables to detect flow in more deeply seated veins and
‘arteris. The receiving plastic fiber collects the scattered signal and the collected sm&
coupled to the photodiode lhrnugh a laser line filter. The photo diode is a square law device
s out current which is proportional to the intensity of the reflected light and 10 the
g frequency of the shifted and unshifted signals. The diode output is given ﬂ; |
reamplifier and then to the wide band amplifier having wide band performs

kHz). System output is obtained by taking the RMS value af ﬁﬁ total
t from the total zero light noise and nurmahsmgnforl.nlai
put of the signal before RMS conversion is also a
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Pattern. Here the instrument measures an averaged blood cell velocity and not the absolute
. velocity of the Now. Laser doppler Nowmeter s also o noninvasive one and o offers high
p | Feproducibility and high sensiinvity
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Fig.6.16. Laser doppler blood Nowmeter - J

5.10.4 NMR Blood Mowmeters

There is also noninvasive hlood Nowmeters based on nuclcar magnetic rcmm;;n::

inci | ' : : presence swternal magnetic ficid,
le. Bul this is very complex and costly. In the presence of an externa .

ll;:n:i':gnilddc-tﬁ ml;ghlim resulting (rom the alignment of uclear magnets of h}dmgtm

m-_:ﬁs IS prope sportional (o the blood flow rate. Thus measunng the magnectisation one can

evaluate the blood Mow rate in various blood vessehs,



