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PREFACF TO THIRD EDITION

Ur L E Mapier left Indwa early m 1943  As suggested by hum I have to
take up the responsibility of bringing out the third edition

The second edition was exhausted as rapidly as the first edition and the book
was out of print for over a year as it had not been possible to bring out this
edition eatlier due to war time difficulties

In the ncw editon the .ection on the development of red cells has been
e wnitten following the Schemata outhned by Israels (1941) The chapters on
blood grouping and blood transfusion have been enlarged  In the table of contents
sub headings have been given under each mam heading

1 am grateful to Dr J B Chatterp MB  Assistant 'research worker
Hematological Umit TRF A for asustance with the proofs

School of Tropical Medscine CRDG
Calcutta
The 13th August 1945

PREFACE TO SECOND EDITION

The rapid exhaustion of the first edition of this book ndicates that there 15
a demand m India for a book of its kind

In this second edition we have mcluded blood groupmg and transfusion
Though neither 15 a diagnoshic method we have felt that these two chapters would
not be out of place m this book and with the closer approach of the war to
India there 15 a special demand for knowledge on thesc subjects

PREFACE TO FIRST EDITION

In the past the attitude of the medical profession 1 India towards anemia
has been that 1t was an almost mevitable accompaniment of restdence n a tropical
country and that therefore per se 1t need not claim attention It 1 now beginming
to be realized that when 2 patient 1s anemc there 15 always some pathological
process to account for the fact and that whilst other methods of ascertamng
the nature of these pathological proces.es should not be neglected much nformation

-
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may be obtamed from the blood picture Consequently far more attention 15
being paid to anemia iself and the mportance of accurate methods of blood
exammnation for the proper study of a case of anzmm 1s tgradually being
appreciated

Many books on laboratory techmque give full details of all the varous
methods that can be adopted but such books are not always withmn the reach
of practitioners further the methods described 1n these books are often
embarrassing 1 therr multipheity  We therefore felt that readers of the Indian
Medical Ga ette particularly those working m India mught find 1 short description
of the methods followed at the Calentta School of Tropical Medicme of some
practical use and have prepared a series of short notes on hematological
technique  these were published in the Indsan Medical Ga.etie during 1940 and
early 1941 We are now 1ssuing them as a collected settes of papers

'

In a few mstances orignal modifications have been introduced but for the
most part the methods we have described have been thoroughly tested by
laboratory workers in many parts of the world and are generally accepted as
sound and accurate m every nstance they are methods that we have used
m our laboratory for some considerable fime 1n most nstances for many years
and found not only accurate but swmtable for the local conditions

We have hmuted these articles to the description of procedures that are
more-or less foutine m the investigation of a case of anzmia m the Calcutta
School of Tropical Medicine but we have not pted to be compret
for 1n the majonty of our cases m order to trace the ztwological factors
many other examinations protozoological bacterological helmunthologecal and
<erological and m addition certamn other biochemical exammnations such as the
estimation of cholesterol blood protemn blood calcium etc  have been carmed out
usually 1n other departments of the School We alko group the blood m every
case on admission  but as this 1§ not m any sense a diagnostic procedure we hate
not mcluded 1t n this series

At the time we commenced this semes all the apparatus we described was
avatlable in India  we regret that now some of st 15 not but we hope that rehable
‘Bntlsh or American substitutes for the apparatus of German ongn il soon be
available

Our thanks are due to Dr P C Sen Gupt1 M5 (Cal) for allowing us to
include the article on Red cell diameters Pricc Jones curve of which he was
the jont author m this volume

Calcutta

School of Tropscal Medicne } LE N
June 19th 1947



HAMATOLOGICAL TECHNIQUE

1
THE COLLECTION OF THE BLOOD SAMPLE

Tue first essential 15 that one constant practice should be decided upon and
followed There 15 a difference between capillary whiclr for all practical purposes
is artenal and venous blood but the difference 1 only of practical importance
3f two samples from the same mdwiduals at different times are to be compared or
when normal standards are bemng worked out

N
As there are \ery distinct advantages in the use of venous rather than capillary
blood the former 1s preferred

The advantages are that all the exammnations e g the eshmation of hazmo
globin the deternunation of cell volume the total red and white cell count the
reticulocyte count the differential white cell count the measuning of the red cell
diameters the icterus mdex the van den Bergh reaction the fragiity test the
erythrocyte sedimentation test etc can be done from a single sample of blood
obtamed by a single puncture Further the tests can be repeated by the same
or by different workers from the same sample of blood

For some of the tests the van den Bergh test for example blood will hate
1o be taken from the ve:n so that sufficcent might as well be taken at one time for
all the tests and the patient saved a number of additionat pricks In weak and
anzmic indviduals 1t 1s sometimes difficult to draw enough blood from 2 finger

or ear lobe without squeezing the part and thereby diluting the blood with the
tis ve flud

The following rules should be observed when using venous blood —

(a) The synnge should be arr tight and perfectly dry The synnge 1
conveniently dried by first washing 1t thoroughly in clean water
removing the water with alcobol removing the alcohol with ether
and finally drawmg air through 1t If there 15 even a trace of water
or alcohol there will be hemolysis of the blood and this will make
1t unsuitable for examination

. (b} The tourmquet should not be kept tied for more than z minutes when
drawmg the blood from the vemn as the red cell count begins to
ncrease after 3 minutes stasis

(¢) The needle of the synnge should be removed before the blood 15 put mto

the flask as hzmolysis may result if the blood 1 forced through the
needle
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ESTIMATION OF HTLMOGLOBIN 3

Icterus index and van den Bergh test—z hours

Cell volume fragihty test and sedimentation rate—3 hours

H-emoglobin estimation  1ed cell count white cell count and reticulocyte
count—24 hours

2 -
ESTIMATION OF HAEMOGLOBIN
Hamoglobin 15 a conjugated protein consisting of a protein globin and an
1ron contalming pigment

Haxmoglobin readily combines with oxygen to form oxyhwmoglobin  each
olecule of hzxmoglobin contans one atom of won which ss capable of com
bining with two atoms of oxygen

The ymp fi of h: lobin are to contey oxygen to the Ussues
to remosve carbon dioxide from the tissues and ;n mamntaining a constant reaction
of the blood

To estimate the amount of hzmoglobmn 1n any sample of blood advantage 15
taken of certan properties of hzmoglobm Of these the most mmportant 15 its

j[o'(ygcn carrymng capacity A fixed amount of hmmoglobin will always combine

with the same amount of oxygen actually 1 gramme of hmoglobin with 134 cem
of oxygen the amount of oxygen that will combine with a sample of blood can be
measured accurately and the hzmoglobm content of the sample thus estimated

’ﬂ] Another property 1s its iron content Hzmoglobin has a known molecular
formula 1 which there 1s one atom of iron so that by estimating the amount of

1ron 10 ted cells from a given volume of blood 1t 1s possible to calculate the amount
of hamoglobin 1n the sample

%), Hamogliohin 35 a protein with a known tefractometne index By muasunng
{his index 1t 1 possible to calculate the amount of hemoglobin i any sample,

#1.Yet another property of hzmoglobin 15 1ts colour and this can be measured
1n the various ways ndicated below

/\!,\Vhlls! the property of hemoglobin eastest to measure 1s its colour the most
fundamentally important property 1s its oXygen carrying capacity There 15
evidence that these two properties are very closely correlated so that if an st
ment which measures the colour 1s first calibrated by the oxygen carrving method |

a very close approximation of the hamoglabin content of a sample can be obtamned |
hy the former method

Most clinieal hamoglobinometers that are now sold are thus calibrated

Climeal methods of estimating hemoglobn —Of the many methods of cstt
mating hemoglobin that are n use none of the simpler methods 1s above enticism
while the more accurate procedures eg van Slykes oxygen-carrymg capaaty
method are hardly smtable for general chnscal practice  Most of the clinical pro
cedures mn common use are methods of measunng the colour of the hamoglobin
and are based on one or other of the following prnciples —



2 HEMATOLOGICAL TECHNIQUE

() The flask should always be kept closed with a rubber corh  cotton wool
should never be used  The flask should be shaken at once ‘igorously
to ensure complete solution of the oxalate powder
(e} When not mn use the flask must be kept corked and in a cool receptacle
during the summer
{f) The blood should always be mived thoroughly for at least 3 mmutes
preferably m a shaking machine before any sample 1s withdrawn
from st The blood should always be taken directly from the flask
and not from blood poured out on a shde or watch glass
Tume for collection of blood —When repeated examnation 1 required blood
should always be collected at the same hour under basal condittons 1n the mormng
Even for a single exammation 1t 1s preferable to collect the blood i the morning
under basal condttions  this precaution will mimmueze the effect of the fluctuations
1n the total and differential count due to muscular and other phystological activities
Procedure —The blood 1s drawn from one of the prommnent superficial veins
at the bend of the elbow 1m a perfectly dry air ight syninge
Furst of all without detaching the needle small drops of blood are put on clean
glass shides and smears for the differential leucocyte count and red cell diameter
measurements should be made* then the needle 1s detached and a measured amount
of blood 15 transferred to a small 25 c cm  Erlenmeyer flask contamming the requisite
amount of anticoagulant for the quantity of blood to be taken
Ants coagulant —Two mulligrammes of dry oxalate powder 1 required for each
cubic centrmetre of blood A muxture of potasstum and ammonium oxalate powder
in the proportion of 2 to 3 has been found to be 1d¢al as 1 the above proportion
the shrinkage caused by pot oxalate 1s co d b; oxalate
(Wintrobe and Landsberg 1935) To measure the requstte amount of the oxalate
powders make I per cent solution of the two oxalate powders ammonm and
potassium  accurately measure with a pipette 04 ¢ cm  of the potassium salt and
06 ¢ccm of the ammonmum salt and put them into the flask evaporate m a dry
oven after which the ovalate will be found at the bottom of the flask 1 2 powdered
state this 15 the amount required for 5 ¢ cm of blood for 3 ¢ cm  the proportions
will be 024 c cm potassiom and 036 ¢ cm ammomum salt  The flasks are now
kept corked and are ready for use
It 1s a good practice to have two sets of flasks prepared contamming enough ant
coagulant for 5 ¢em and 3 ccm  respectively
1f potassium oxalate alone 1» used 2 milligrammes are required for each cubi.
centtmetre of blood that 15 10 mulligrammes or I ccm of T per cent solution
for each 5 c cm of blood and mn this case Wintrobe s correcting factor x I0g mu t
be applied to compensate for shrinkage

Tune houis —Osgood and others (1031) gre the followin, time hmuts for

different examinations —
Making smears for differential count—1 hour

‘As stated above this can be done from the oxalated sample but 1t s better to make

separate smears
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whters vary from 138 to 173 grammes and n aur personal expenience we have
found amongst groups of so called healthy coolies 1n Assam a figure Jower than
the former amd amongst healthy Europeans in India one higher than the latter
If the expression 100 pef cent hamoglobin has any meaning at all 1t must imply
that the par icular sample 15 what one would expect from that 1dlividual 1f he were
n perfect health This would mean that a different standard would have to be
adopted for each clss of tndividual 1 procedure which would lead to endless confu
sion It 15 therefore better to abandon the second method namely that of giving
the hzmoglobin 1n terms of a percentige of an unknown and arbitrary stindard
and to adopt the first and express results in terms of grammes of dry haemoglobin
per 00 c em of blood J

Instrument mahers who have hitherto made no attempt ta adopt a uniersal
tandard and hzmatologists who have not encouraged them to do so are both
responsible for the pre cnt unsatisfactory state of affarfs

The confusion that exists cannot be better cxempfiﬁcd thn by the table (1)
Telow which shows that not only are there differences n the standird hetween
nstruments of varous makes but instruments of the same name made at different
times vary from one another and finally vanous authontics give different figures
for apparentfy the same mstruments

Tasre 1

Amounts of hamoglobin per 100 ¢ em of blood which are shown as roo per
cent by different snsiruments

Authorty Tallqust | Sahls Dae | N |phitane RS
!
~ - I - -
:
Tefper anl latly | 138 173 1377 {o1d) 1 s3A 1 as8
1933 1 169 {ne'),
|
N cholson 1934 58 'oacy | s \ o J !
| 145 (new)
Whitby anS Buton | 138 1173 O1d) | 330 | ELIN
103 | | }
I
hreck  and Carver 158 171 (ol]) 1377 " 6o |
2937 \ 138 (new! r \
Levn on and 158 | 173 16¢ ' 1‘ }
MacTate 1937 l i ‘ |5 !
Orinay € tham xndl‘ 58 538% 40172 137 + 160 160 | 138 | 158
Tsac 1937 ) } .
|
Beck 1038 ; 138 138 to173 137 to160 i6p |
'
!

D flecent 1nstruments are supplied with different stan lards
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I Durect companson of the colour of undiluted blood agamn t a graduated
colour standard
(a) On special blotting paper (Tallgvist)
(b} Between-glass plates (Dare)

II Companson of blood diuted to a fixed percentage agamndt graduated
colour standard i
(a) Diluted with sodium carbonate solution and compared with a coloured
glass wedge (Flewschl Miescher)
(b) Diluted with deci normal hydrochloric acid and compared with coloured
glass nedge (Hellige Neoplan)

III  Comparison of blood diluted to a varying degree with a fixed colour
standard

(a) Diluted with water and compared with a permanent picrocarmine
standard (Gowers)

(b) Brought into contact with carbon monoxide diluted with water and -
compared with a permanent colour standard (Haldane)

(c} Diluted with dect normal hydrochlonic acid and compared with 1 perma
nent standard of acid hzmatin (Sahl) or a coloured glass black
(Hellsge)

IV Companson of blood diluted with dect normal hydrochlonic acid to a fixed
percentage agamst a fixed colour sfandard m a colormeter of the Duboscq type

(@) Water placed m one chamber of the colonmeter and 2 standard
coloured disc interposed (Newcomer)

Other methods which require more elaborate instruments depend on the
mtensity rather than the colour of the light transmitted through hzmoglobin
solutions  this 1s measured by means of a photo electric cell

In the wnters laboratory the new Hellige normal hzmometer 1s used for
all climeal purposes The great advantage m the Hellige instrument 1s that it s
possible to match the brown coloured acidulated blood solution with the colour
standard exactly and as the standard 1> made of coloured gla s 1t 15 unlikely to
undergo any colour change one coloured pnism which has been i use i our Jabora
tory for more than six years has not undergone any colour change dunng this
period  Error luding those of carel m technique using dirty pipettes
cte may arse through varations m the diluting pipettes 1nd i the calibres of
the graduated tubes The method suffers the disadvantage that with each ditution
only one reading can be made--a second observer can check the reading but not
make an wdependent one—and that a hime nterval of 15 to 20 minutes must be
allowed before reading the result

Methods of expressing the results —The amount of hemoglobin i an nding
dual s blood may be expressed— .

(i) As the number of grammes per Io0 ¢ cm of blood or {) as the prr
centage of the amount present in the blood of the normal individual

The disadvantage m the latter method 1s that there 1s no umformity of opinton
Figures for the normal given by different

15 to what 1s @ normal ndividual



ESTIMATION OF I EMOGLOBIN t 5

witers vary from 138 to 179 grimmes and mn aur personal experience we have
found amongst groups of <o called healthy coolies m As am a figure lower than
the former and amongst healthy Europeans m India one tigher than the fatter
1f the expression 100 per cent hamoglobin has any meaning at all it must smply
that the par icular sample 1s what one would expect from that itividual of he were
in perfect health  This would mean that 1 different standard would have to be
adopted for each class of mdridual a procedure which would Jead to endless confu
sion It 15 therefore better to abandon the second method namely that of ging
the hemoglobin in terms of a percentage of an unknown and arbitrary standard
and fo adopt the first and express results 1 terms of grammes of dry hemoglobin
per 100 ¢ cm of blood s

Instrument makers who have hitherto made na attempt to adopt a untversal
standard and hematologists who hate not encouraged them to do so are both
responsible for the present unsatisfactory state of affards

The confusion that exists cannot be better exemphfied than by the table (1)
below which shows that not only are there differences 1n the standard between
nstruments of yvarious makes but instruments of the ame name made at different
times vary from one another and finally vanous authonties give different figures
for apparently the same mstruments

TasLe ¥

Amonts of hemoglobin per 100 ¢ cm of blood which are shown as 100 per
cent by different nstruments

T
N Fleischl
Authonty Tallgwst | Sath Dare | o IHallanet o
~ —] | - — ———
Typr and Taly I 138 l 173 1377 {old) l 138 58
1933 | 109 (hew) |
N cholon 1934 | w58 [mz@Ea |38 ©) |
| 145 (new)
Wi tby anl Dutton ' 138 17 3 (old) 159 3R
1939 }
hrack  and Cormer| 158 17 % {old) 1377 169
1937 | 138 (new)
fLe m n and 18 173 16c 1592
T cTate 1037 ®
1
Orlvay Cotham and| 158 | 138 ta172 137 o160 160 | 138 159
Tscs 1037 | |
Beck 1938 138 138 1o 173‘ 137 10160 160 {

D ff rent nstruments are suppl ed with different standards
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T Direct companison of the colour of undiuted blood aganst a graduated

colour standard
(a) On special blotting paper (Tallgust)
(b) Betweerrglass plates (Dare)
Il Comparson of blood diluted to a fived percentage aganSt graduated
colour standard
(a) Diluted with sodwm carbonate solution and compared with a coloured
glass wedge (Fleischl Miescher)
(b) Diluted with dec: normal hydrochloric acid and compared with coloured
glass wedge (Hellige Neoplan)

III  Companson of blood diluted to 2 varying degree with a fixed colour
standard

() Diluted with water and compared with a permanent picrocarmme
standard (Gowers)

{6) Brought into contact with carbon monoxide diluted with water and
compared with a permanent colour standard (Haldane)

(¢) Diluted with dec: normal hydrochlonic acid and compared with 1 perma
nent standard of acid hTmatin (Sahl) or a coloured glass block
{Hellige)

IV Comparison of blood diluted with dect normal hy drochlonic acid to a fived
percentage against a fixed colour standard in a colonimeter of the Duboscq type

(a) Water placed m one chamber of the colonmeter and a stindard
coloured disc interposed (Newcomer)

Other methods which require more elaborate instruments depend on the
mtensity rather than the colour of the hght transmitted through hamoglobin
solutions  this 15 measured by means of a photo-electne cell

In the wnters laboratory the new Hellige normal hazmometer 1s u ed for
all chnical purposes The great advantage mn the Hellge nsfrument 1s that 1t i
possible to match the brown coloured acidulated blood solution with the colour
standard éxactly and as the standard 1s made of coloured glass 1t 15 unlikely to
undergo any colour change one coloured prism which has been 1n use 1n our labora
tory for more than six years has not undergone any colour change dunng this
period  Error Juding those of caret n que using duty pipettes
etc may anse through variations 1n the diluting pipettes and i the calibres of
the graduated tubes The method suffers the disadvantage that with each dilution
only one reading can be made—a second vbserver can check the reading but not
make an independent one—and that 2 ttme mterval of 15 to 20 mMunutes must be
allowed before reading the result

Methods of expressing the yesults —The amount of hemoglobm i an mdivg
dual s blood may be expressed— B

() As the number of grammes per Yoo ccm of blood or () as the per
centage of the amount present 1n the blood of the normal mndvidual

The disadvantage m the latter method 15 that there 15 no uniformuty of opumon
as to what 15 2 normal mdwidual  Figures for the normal given bv different
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6 HZMATOLOGICAL TtCIINIQUE

However many mstruments that are now sold grie the readings 1 terms of
grammes of hamoglobin per 100 ¢ cm of blood  others give readings m duplicate
so that it 15 casy 1o see what corresponds 1o 100 per cent or if they use the oldcr
method they state what their 100 per cent corresponds to m terms of dn
hzmoglobin !

The excuse given for adhering to the older method (1) 15 that most pract:
tioners are famihar with this method of expressing the hxmoglobin It may be
true that they are famiiar with the expression say hwemoglobin 8o per cent
but they don t know what 1t means for, it may mean anything between 11 and
138 grammes of hemoglobin per 100 cem of blood a discrepancy which 15 far
from neghgible  They must therefore learn comething new so why should they
not learn a new method which has a definite meamung accepted by all hamatologsts
Most Amencan medical books are now using the new momencliture and n
Great Britun even the more conservative chimcians will follow the lead already
ginen by British hematologists m course of time

A table (I1) showing the normal hamoglobin levdh m different population
in India with a few samples from other countries for compinson s given

Apparatus requived

(9 Helige normal hemometer with extr miting tubes and pipettes
(1) Rack

() N/10 Hydrochlonc ac1i
() Distilled water

(w) Pipettes with rubber teats
(v} Hand lens

Heihge novmal hemometer this const ts of the following pirts —

(} A mixmg tube with graduations from 10 to 170 { ee fignre 1 A)

(1) A pipette with a mark at z0 cmm capacity (B)

() A solid gliss rod for stirnng the mixture 1n the tabe to ensure thorough mume

() Coloured prism or prisms agamnst \ hich the blond has to be matched (C)

() The housing of the hzmometer (D) vhich 1s made of steel with a large bas
to ensure safe standmg Insde the housing are the coloured prims in
front and an opague glass plate at the backs Through & hoe 10 the housing
the mrung tube 15 ntroduced and les at the same distance from th

eye as the prsm -

Techmgue ——Fill the graduated measuring tube up to mark ro (using a large
pipette) with N{1o hydrochlonc acid

After shaking the blood m the flask for 3 minutes with the pipelte draw up
the blood to the 20 ¢ mm mark exactly wipe away any hlood adhertng to the
outside of the ptpette and transfer the blood into the measuring tube If the
blood goes a little beyond the mark 1t 1s brought back to the mark by touching
one s finger with the tip of the pipette a few times  cotton wool or bloting paper
_hould never be used

- .
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by usmg the comversion table of which the skeleton 15 grven (Table III) It 1>
recommended that the full table be prepated and hept handy
Taste IIT

Skeleton table of hamoglobin values of the Hellige normal hemometer
converted wnto grammes of hamoglobin per 100 ¢ cm of blood

Per cent Grammes
Hellge pec 100 ¢ cm

Per cent Grammes
Tleluge jper 100 ccm

T 01375 10 1375

2 02750 20 2730
3 04125 30 4125
4 0 5500 40 5500
6 o 8250 6o 8250

7 o g625 70 9625

9 12375 P° 12375

|

|

\ o 6875
5 06875 s 5

100 per cent Hellige=13 75 grammes per 100 cecm

3
ENUMERATION OF ERYTHROCYTES AND LEUCOCYTES

Erythrocyte and leucocyte counts are expressed as the number of cells per
cubic millimetre (c mm } of blood

Principle —In enumerating the red or white cells oxalated venous blood from
the flask (or capillary blood from the finger 3r ear lobe) 1s taken into a red or white
cell prpette up to a certam mark and the pipette 1s filled with the diluting flmd
it 18 then shaken and a drop of the mixture 1s pu* 1nto a special counting chamber
where the cells withan some specified ruled area are counted and finally the total
nutmber of cells per ¢ mm 15 calculated

The dextenty necessary to carry out the varous mampulations in the differ
ent stages of making a blood count can only be acquired by practwce Further

2



8 HEMATOLOGICAL TECIINIQUE

By repeated fillmg and emptymg the pipette should be completcly freed from
all vestiges of blood and the blood should be intimately mixed with the hydro
chlonc acid  the ted hemoglobin now turns to acd hematn (brown)

Wait for 15 to\\o minutes  the mixture which 15 now brown should be
perfectly clear

Now add water slowly drop by drop with a pipette mixing constantly with
the sohd glass rod untif the mixtore matches exactly the colour of the standard
prsm C mn the housing  Durnng the process the sohd rod should not be placed
,on the fable as each time 1t 1s allowed to touch anything the small amount of
mixture adhenng to the rod will be lost and this source of error will be multiplicd

To match the solution and the standard the hemometer should be held up
to 1 good source of indirect natural light direct sunlight and artificial light bemg
avorded The level 1h the muung tube
opposite the lowest pomnt of the memscus
of the diluted acid hematin 15 read this
gives the percentage of hemoglobin  The
end point 15 generally very sharp and therc
15 seldom any difficulty i matching the
solution and standards exactly except with
leukzme and jaundiced blood  When 2
pomnt 15 reached at which the solutron
appears to match the. standards take a
reading  then add a drop of water mrs the
solubion hold up to the light and take 2
second reading If at the second reaghng
the soluhon 15 defimtely too light the first
reading <hould be taken On the other
hand 1if the second reading still dppears

Fic 1—Helg povmal hemometer y, ntch the standards but after vet

another drop has been added the solution

1s defimtely lighter than the standards the result should be the mean of the first
two readings

The writers Naper and Das Gupta (1935) calculated that oo per cent with
the Hellige normal T d 1367 by the ter
method but later by, means of the van Slyke oxygen carrymng method a slightly
higher figure was obtamed and they decded to consider Too per cent as 1375
grammes

Other nstruments of this pattern (Hellize normal heemometer) that the wniters
have used have not differed appreciably from this standard but it 18 advisable
to have the colour standard with the pipettes and muxing tubfs to be used tested
m some ldboratory where the van Slyke oxygen carrying method or the iron
estimation method 1s also employed

The reading 10 terms of percentage from the tube must be ronverted into
the result expressed m grammtes this can be dome convemently

grammes and
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platforms  Upon each ruled area there are mine large squares one square mill
metre each separated by double hines

0z D1 B

o >

[+

B P 3

81
Tt 2 —Improved counting chamber

_eCover shp

( Palini )]

o Ar o1
Fic 3—Section at x of figure 2

The four large comer squares A B C and D are the areas m which the

leucoryte count 1 made (figure 4) Each of these 4 <quare mullimetres 1 sub-
divided mto 16 squares to facihitate counting

a [
—
i
=] r
P~ L1
s
LI

[+

.
Yismm s d pbh !
Cbe  Fofos

Jioe mn E

)
S et » }
)

Fio 4 —eubaner rulmg

/ The quare milimetre 1m the centre of the ruled area 1 used for the red cell

count It 15 subdivided into 400 smaller squares each of which 1s therefore Pey
of a square millmetre ¢



10 HAMATOLOGICAL TECHNIQUE

close attention must be pad to every detail of the techmique 1f accurate results
are to be obtafned
Apparatus yequired

{9 Microscope

() Hemocytometer with counting chamber prefersbly with Neubauer ruling

(1) Red and white cell pipettes

(v) Hemocytometer coversp

(¢} Diuting flmds

{vi} Waich glass

The 1deal would be to use certified counting chambers and pipettes but
where this 15 not possible on account of thewr high cost only thoe which are
manufactured by relable firms (viz Carl Zenss Bausch and Lomb ete )} should
be used and these should at least be cheched against certified instruments

Counting chambers —-There are \arious tvpes of counting chambers . use
The new types of chamber have two mam advantages over the old Thoma
¢hamber —

(1) The coverslip can be placed in position upon 1ty base before the blood 15
ntroduced and this may be done slowly and with the care that 1s essential to
ensure the appcarance and persstence of Newtons colour bands at the surface
n contact

(2) The uneven distubution of the corpuscles on the countmg surface which
15 lible to arise n the orginal chamber devised by Thoma and 1s due to the
rapidity with which the corpuscles especally the red ones tend to settle m the
diluent 15 obviated the new chambers are =0 devised lizythe diluted blood
rapidly enters the counting space by capillary attraction

In the new types of chamber eg Neubauer Burker etc the counting
space 1s oblong and drvded mto two compartwients by a transverse groove both
of which contamn a ruled area for counting the red as well as the whie corpu cles
These two counting areas afford a means of makmg duplicate counts with 2 single
application of the covership

1In our laboratory we have nsed chambers with Thoma Burker and Neubauer
rulinys but for over eight years we have been using only chambers with the
Neubater ruling which 15 sumpler to use than the Butker with a smgle appheation
of the overslip a larger area for the Jeucocyte count 4 square milhmetres on each
side of the chamber as opposed to 1 square Muilimetre in the Thoma type x
obtained

Counting chamber with smproved Neubauer ruling

The different parts of the counting chamber are shown mn figures 2 and 3

The middte platform A A with the ruled areas BB are exactly 01 mm
lower than the two side platforms The muddle platforms are separated from
each other by the transverse groove D and from the two side platforms by the
trenches D and D When the coverslip 1s placed upon the platform there 1 2
pace exactly ox miliimetre deep between 1t and the ruled areas on the middle
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Dilutmng fitads ~For the ycll count we have found the following solution
the most satisfactory —
Sodim sulphate 12 5 grammes
Glacial acetic acd 333cem
Distilled water 200
There 15 neither clumpin,, nor hemolysis with this flud  Other solution
recommended are Hayem s flmd
Mercune chlonde

05 granm
Sodium chlonde 10
Sodium_sulphate 50 grammes
Distilled water 200 com

and mple physiological salt solution  We have not found either of these sati
factory as clumping may occur with the former and hamolysis with the latter
solution

For the while cell count we have found the following solution the best —
Clacil acetic acid

zcem
Mercunic chlonde o1 gramme
Amline gentian violet one drop

Water 100 com

The mercunc chlonde will prevent growth of moulds when the solution 1 kept
for a long time and the gentian violet wall grve a shght tinge to the leucocy tes and
also make 1t easy to distinguish this solution from the red cell dituting flud

When the diluting fluads are used a small quantity should be put into a watch
glass or other smtable receptacle mto which the pipettes charged with blood should
be plunged  In no case should the pipettes be put into the ongnal phials contain
mg the ddutmg fluids as there 1s every possibility that m course of tune cells will
find therr way mnto this flud and accumulate at the bottom of the phial  these
may be taken up subsequently with the diluting fluid and vitiate the count

~
Enumeration of Erythrocytes

(§) Filling the prpette —Before u ing a pipette see that 1t 15 abeolutely dry
and clean and that the pomnt 1s intact (the tips are easily damaged) With a dry
red cell pipette suck blood up to the mark 0, (or Io m the case of anzmic
patients) by holding the pipette almost horizontally and at nght angles to the hne
of vision so that the exact height of the column of blood can be seen easily
The blood should not go much beyond the mark but if 1t does go 2 little beyond
1t 1s brought back to the mark by applying the tip of the prpeite to the tip of the
finger a few times cotton wool or blotting paper should never be used as theyw
will draw out the serum only and the cells i the pipette will become more con
centrated  The blood adhering to the outside of the pipette 15 wiped off and the
pipette 15 plunged mnto the red celt diluting flmd 10 a watch glass  The diluhing
fimd 15 drawn up exactly to the mark 101 the pipette beng held nearly vertical
and gently rotated between the thumb and the forefinger The rubber tube 15
taken off and a tightly fithag flat rubber band 1s put round the pipette tlosing

both the ends to prevent any leakage It 15 now laid flat on the table or m
the box
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To facihtate counting, these 4oo small squares are cut up into 16 groups of
16 small squares each by extra hines which are drawn through every fifth square

1l

Red cells in the five small groups of squares one
from each corner E F C and H and one from
the centre J that 15 to say the contents of 8o
small squares 1n all are counted

Counting chamber with Thoma rulng

The disposiion of the diferent part
of the Thoma counting chamber 15 exact
Iy similar to that of the Neubauer count

g chamt with this difference however
that there 1s only one big square on each of the
suled areas B B 1n place of the mmne big squares

Tic 5—Thoma ruling as seen
with tv o third lens The black
crcle  hows the field seen
with the one srcth lens

Leucocyte Red cells

Fic 6 —Counting pipettes

m the type The area of each of the
big squares 1s one square milhmetre and each 1s
subdvided mnto 400 small squares each of which
15 therefore —4%0 of square mthmetre To
facihtate counting these 400 small squares are
cut up mnto 16 groups of 16 small squares each by
extra lines drawn through eery fifth square  Tht
square millimetre 1s thus an exact rephica of the
central square milhmetre in the Neubauer ruling
The coverslp —Only the covership which 15
specially designed for blood-countng chambers
must be used If any other coversp is used
there may not be uniform depth m the counting
chamber and the count will be maccurate

‘The blood counting prpetles
(Thoma type)

The capillary portion of both the red and
white cell pipettes (figure 5) 18 drvided 1mto ten
equal parts from the trp to the bottom of the
bulb the fifth and the tenth marks bemng denoted
by figures 03 and 1 respectvely There s
another mark Just above the bulb where the
figure 10T 15 given On the red cell pipette and the
figure 11 on the white cell prpette

To facilitate muxing there 15 @ bead m the
bulb which 15 ometimes coloured 1ed 1n the red
cell pipette to distingsh 1t from the white cell

pipette
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objective) may then be substituted by simply rotating the nose pieee of the micro
scope and readjusting the d and the daph

Counting the cells
Focus the ruled area with the low power and also find out if the cells are evenly
duistributed—if not another preparation should be made
The cells 1 the squares can now be counted wath the high power one sixth
objective  The area from which the cells are to be counted will vary with the
different types of ruling but the same
rule for cells on boundary lines should
hold good in all cases

Rules for cells on boundary hnes.~
All the corpuscles touching the upper St els '\\
Line and the left hand line of a square ool 2 o
are considered to be inside the square o =5
while those touching the lower line and o° °°g S
“the nght hand hne of a square are °°°b PV
considered to be outside the square S odod
(figure 7} CXC DS y
The cells contamed on the hve o° go bo%b*
groups of small squares} F G Hand A IR /
J n the mddle of the ruled area of the
Neubauer ruling (figure 4) are counted —
Tn all cases the cells on both sides Fig 7 —One field with one sixth
of the chamber should be counted and fens showing which cells shculd be

counted and which neglected
the mean of the two taken Should

there be a difference of more than 5 per cent tn the two counts the chamber should
be recharged and the count done agamn

Calculations for erythrocvte count

Each small square= 4—}}—0 square millimetre
Therefore the cubic dimensions of each:%ﬂ x0T { pace between the corer
Jip and the ruled area! =ﬁ cubic millimetre

And each group of 16 small squares=4;—6w=ﬁ cubic mllimetre

Therefore cells from five groups of 16 squares eache E§E=§la cubie
millimetre of diluted blood

Thus the total number of cclls counted from five groups of small square
multiphed by 50 will give the number of cells 1 r ¢ mm of diluted blood

This when multiplied by the diuting factor 200 (or 100} will give the number
of cells 1n one cubic milimetre of blood
Lxampl —Blood 1 taken up 10 o5 mark
Total rumber of cells counted n five groups of 16 small squares = 450
Therefore 450 x 50=22 500 cells per ¢ mm of diluted blood

and 22 500 200
=4 500 00u cells per cmm of un dudut d blaod
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When the pipette 15 filled 1t will be seen that the entire capillary end of the
pipette from the tip to mark 1 15 occuped by diluting flurd  Hence the true
dilution of cells 35 not 05 {or 1) m 0T but 05 (or I) 1 100 1€ I 200 (O In
100) Thus by taking blood up to the different marks from o1 to ¥ 1n the prpette
dilutions ranging from 1 1n 1 000 fo 1 1n 100 cant be made
Should there be any air bubbles at any stage during the filling of the tube with
the blood or the diluting fld the whole preparation must be rejected and another
pipette filled up for it1s never possible to get all the air out without Ioss of
some flud
(t7) Shaking the pspetic —On cvety occasion prior to chargmg the counting
chamber with the diluted blood the prpette should be shaken preferably n a
shaking machine or by rotating the tube held honzontally between the palms
of the hands first with the right hand on top and then the left for about z minutes
The pipette should never be shaken mn a honzontal direction 1e 1 the direction
of 1ts long axis as this tends to throw the cells into the capillary tube
(i) Charging the counting chamber with Neubauer ralmg —The counting
chamber and the covershp must be perfectly clean and free from dust or threads of
cotton  Put the coverslip on the counting chamber <o that 1t covers the ruled areas
B and B (figure 2) and with the finger nail tap the coverslp to ensure good
contact J Discard the first few drops of the dhuted blood by blowing into the
pipette  Next holding the pipette i an inclined position of about 45 degrees apphy
a small drop of diluted blood to that part of the platform A A of the counting
chamber which just projetts from the covershp the drop will snstantly pass under
the covership by capillary attraction  The drop of blood should not be too large
or 1t will overflow the chamber and pass into the overflow trenches D D and may
even pass to the transverse trench D Neither should the drop be too small as 1n that
case 1t will not completely §ll the counting surface With a little practice a drop of
the requisite volume can be put under the covership any little excess on the platform
should be removed \by sucking with the pipette and never with blotting paper
Small air bubbles are liable to be introduced nto the counting chamber together
with the diluted blood — .
(#) 1f the counting surface and the covership are not previously cleaned with
the requisite care or -
() if the point of the pipette 1s chipped

If there be any overflow mto the irenches orif there are any ar bubbles
remaming the chamber must be cleaned and charged again

Place the counting chamber on the microscope stage which should be ‘on a
horizontal plane for about 2 to 3 munutgs to allow the cells o settle properly

Focussing the ruled area

Great care 1s necessary 1o locating the ruled area without m]unngdths-

objective or disturbing the distnbution of cells  This 15 most come;len:ly on:;

by locating the ruled area first with the low power (fwo Lhn;]s objec n:f a;:}zl

10 x eyeprece)—lowering the condenser and Teducing the l:ght Y vl:lialz:ne lX[;
inis diaphragm will show up the rulings distinctly)  the higher powe B
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16 HEMATOLOGICAL TECHNIQUE

When as in the above case blood 1s taken to the 0§ mark and the dilution
15 X 1n 200 the calculation can be simphfied by adding four o s to the total number
of cells counted in the five small squares eg in this mstance 450 x 10 000=
4 500 000
For hsgh counts as sn polycythema

T 1 200 dilubion 1s not enough as the cells are numerous and would be too
crowded to allow an accurate count to be made so the blood 1s drawn up to the
o0 2 mark and the diduting flmd as before up to the 101 mark  this produces a dilu
tion of 11 500 and the total number of cells 1 the five squares must be nultiphed
by 25 000 1nstead of 10 000 as 1n the example above

Conversely 1n an anzmic blood 1t 15 advisable to take blood up to the 1 0 mark
the dilution will be 1 1n 100 and the total number of cells will be multiplied by 5 000

A table (IV) which will facilitate caleulation when blood 1s taken up to the
dufferent marks of the red cell prpette and cells from the five groups of small squares
of the Neubader rumngs are counted 15 given below

TasLe IV

Multiplcation factor to
Blood taken Ihlution armve at number of
cells per ¢ mm

o1 mark 1 1000 x 50000
oz 1 s00 x 25 000
04 1 250 x 12 300
o5 1 200 x 10 000
10 1 100 x 5000

With Thoma Ruling Calculation for Erythrocytes
Count the cells contamned m the five groups of small squares a b ¢ d and
¢ (fig 5) on both sides of the counting chamber and take the mean of the two count
As the area of each of the small squares 15 the same as in the Neubauer ruling

ie 4&] square millimetre the calculations are exactly the same as described for
Neubauer ruling
Normal standards

The number of red cells per c mm 1s usually given n textbooks as 5 000 000
This figure 15 too low for men and too high for women The mean of a namber
of counts 1n different populations 1 given 1n table V1

It will be seen that there 1s a stniking umformity m the counts 1n different
populations  compared for example with the hamoglobin estimations m the same

range of populations
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practically impo sible  In such a case blood ss taken up to the 01 or 02 mark
of a white cell pipette (or up to the 05 or 10 mark of a red cell pipette) and 15
filled up with white cell difuting fimd  The cells are counted from the four hig
quares as 1n the ordinary lencocyte count and the number of cells per cubic
Tullimetre 13 calculated

A table (VT) for facihitating caleulation when blood 15 taken up to the different
matks of the pipette and the cells 1n four areas of 1 square millimetre each are
counted 15 gnen below —

Taste VI
| Multiphication factor to
Blood taken Dilution | ve at number
! of cells per ¢ mm
osin red cell pipette 5 200 x 500
10 1 100 % 250
i} 1ht 1 100 x 250
a1 1 50 x 128
o4 LTI x 23
as 1w x 50
‘o + e | X 15

WiTit THOMA RULING CALCULATIONS FOR LEUCOCYTES

*es 1 the whole of the cross ruled arex ate counted  at least
s should be made and the average count taken
square milimetre vepresents a cubic capacity of o1 cubie
qen multiplied by 10 gives the number of cells per cubic
ted blood and when again multphed by the diluting factor
= number of cells per cubic millimetre of whole blood
& number of cells mulhphed by 100 {when the dintinn s 1 10) or
o3 1 the dilution 15 T 20) gives the number of cells per cubic millimetre
e blood

2
Counting by field method for low counts

This method 15 suitable in kala azar or other diseases in which there 15
usually a leucopama Take blood up to 05 mark of the white cell pipette and
dilute 3t T m 20 -~

with 5xeyeprece and one sixth objective focus the square in the centre of,
the field of the counting chamber with the Thoma ruling or the centre “block
of the Neubauer and draw out the tube until the diameter of the field measures
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Enumeration of lencocy tes

For enumeration of the leucocytes follow the technique given under enu
meration of erythrocytes taking all the same precautions 1 the different steps

With a dry white cell pipette suck blood up to the mark o5 {or T n cases 6f
leucopzma) wipe off the blood adhering to the outside of the pipette plunge 1t
nto the white cell diluting flmd and draw the muixture up to the mark 11 take off
the tube and put a tightly fittng flat rubber band round to close both the ends,
and fay 1t flat on the table

Here too the capillary end up to the 1 mark of the pipette 1 occupied
entirely by the dilating flind  Hence the true dilution of the cells 15 6.5 (or 1)
10 1¢ 11m 20 (or I 10 I0)

By taking blood up to the different marks from 0 I to 1 1n the pipette dilu
tions ranging from 1 m 100 to I 1 X0 can be made

Counting the cells and calcnlation to find out the cells per ¢ mm
Wits NEUBAUER RULING

Count the cells 1 the four corner areas A B Cand D (fig .9)
Divide by 4 to get the average number of cells 1n each area
We know the area 15 1 square mullimetre and it 1» 0 1 millimetre deep
Therefore the cubic capacity of each area 1 o1 cubic milhmetre (Ix01)
Thus the cells counted are from o1 cubic millmetre of diluted blood
This when multhphed by 10 gives the number of cells per cubie millimetre
of diluted blood Agamn this fignre multsiphed by the diuting factor 20 (or 10}
gives the number of cells per cubic millimetre of whole blood
Evample —B ood was taken up to 05 mark
Number of cells counted from the four squares was 1 o
Therefore the average number of cells m 1 square 1e o1 cubic millimetre

of diluted blood 13 30
Therefore 300 (30x 10} 15 the number of cells 1 1 cmm of diluted b ood
and 6000 (300x20) 18 the number of cells per ¢ mm of Llood

The number of cells can be calculated rapidly by multiplyin, the total

when the dilution 1 1 1

number of cells from the four square by 50 (. e "’: o

0% ‘°) when the dilution 15 1 1n 10
]

Thus 1n the above example I20 15 the number of cells from the four
squares and the diluhon 1s 1 1 20
Therefore‘uoxso:é 000 15 the number of cells per c mm of blood

20 or 25 (le

For hsgh counts as sn leukama v

In cases of lenkaema greater dilution of the blood 1 necessary for a correct

count of th cells as otherwise the cells are so crowded that an aciurate count 1
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practically smpossible  In such a case blood 13 taken up to the 01 or 02 mark
of a white cell pipette (or up to the 05 or 10 mark of a red cell pipette) and 15
filled up with white cell dluting fliid  The cells are counted from the four big
squares as 1 the ordinary leucocvte count and the number of cells per cubic
mulhmefre 15 calculrted

A table (V1) for facibtating calculation when bload 15 taken up to the different
marks of the pipette and the cells 1 four areas of 1 square milhimetre cach are
counted 1s given befow —

Taste VI
fafultipl cation factor to
Blood taken Dilation | amve at number
| of cells per ¢ mm
B I
osin oed cel pipette 1 200 x 500
1o 1 oo x 250
3 white T 250
oz 1 s s 328
o4 To2s ¥ 6as
as o 50
e 1o xe 125

Wirtet THOMA RULING  CAICULATIONS FOP LELCOCYTES
e

acytes i the whole of the cross ruled area are counted  at lea t
unts <hould be made and the average count taken
of 1 <guare mihimetre represents a cubic capaoty of o1 cubwc
when multipled by 10 gives the number of cell per cabic
Muted blood and when again multiphed by the diuting factor
< number of cells per cubic milhmetre of whole blood
the number of cells multiplied by 100 (when the difution 15 ¥ 10} ot
7en the dilution 13 T 20) gives the number of cells per cubic mullim tre
4 4 blood
Lre
? Counting by field method for low counts
This method 1 swiable m kala azar or rther diseases tn which there 1
v ually a leucopzma  Take blood up to 03 mark of the white cell pipette and
dilute 3t 1 m 20 -
with 5x eyepicce and one sixth objective focus the square 1 the centre of,
the field of the counting chamber with the Thoma ruling or the centre %lock
of the Neubauer and draw out the tube until the diameter of the field measures
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eight times the length of the side of a small squares  The arca of the whole field 1
now equal to the area of 50 small squarcs almost exactly (xr’:—— x 16=750 2857)

Count the number of cells 1n 40 such different fields

Calculation —The volume of each square 15 I/4 000 cubic millimetre and
each field contains 50 squares

Thus 1if the total number of cells 1 4o fields 15 70, the number of cells per

cubic millimetre of blood =1.922X22

5 X70=2 800

The same result may be ob(amed by mulhplymg the total number of cells
11 4o fields by 4o 1f the dilution 15 T 20 or by 20 if the dilation 15 1 1n 10

With this method cells of a very large area are counted and the multiplving
factor 1s only 40 or 20 and therefore gréater accuracy 1s ensured

Enumeration of the nucleated cells of the marrow

The enumeration of the nucleated cells of the marrow from the material
obtained by sternal biopsy 1s carrted out n the same way as that of the Jeucocyte
in cases of leukzma

Care of wstruments

After use the pipettes coverslp and the hxzmocytometer chamber mu t be
cleaned thoroughly

Cleamng the pipeties

r Thoroughly wash out all the diluted blood with water
2z Remove water with absolute alcohol

3 Remove alcohol with ether

4 Pass arr through to dry the pipette
so that the bead rolls freely m the bulb

It 1s very labonions process to clean
the pipettes by sucking arr through them
and one cannot dry them properly by
blowmng as expred air 15 laden with mors
ture The pipettes can be cleaned eauly
and dred by attachmg them fo a suction
pump (figure 8) or when this 1s not avail
able by attaching them to a syringe

If the cells clog the tip or amy part of
the capillary tube loosen them by mserting
Fic 8 —Suction apparatus for a stiff horse hair

cleanung prpettes If there 1s albummous matter 10 the

aturated solntion of NaOH or potassium bichromate
ght n the 37 C incubator and clean next morming

«
bu!l: fill 1t up esther with s
cleaning solution heep overns

2
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Cleaning counting chamber and covership

- Wash the ruled side of the countin,, chambet and the eovership m runnm,
water  Thorou hlv dry first with a ddean eotion handherchief and finally with
astlh hindkerchref selvyteloth o Ieng papa but avord 1ubbing the ruled arca
of the countmg chamber

From time to time the conntin,, chamber wnd the eovership should be wipid
with tleohol or acetone to temove ny grease nd then dried with the silk hand
kerchief but on no account should the countin, chamber be immersed or freely
cleaned with aleohol

1f the rulings become faint after lon, wse the lines may be made prommen
by hightly rubban,, with @ sith cloth on v hich graphute (lead from a penal) has
heen rubbed

TaBLL VII
Leucocyte counts sn normal wdividuals

\umb o Sex mnl Ag | Lemlews Lotal 1 a 0 yte count Authonty
—_———— - — ~— - _ -~
O [ v aldt | caleutta [ o1 w1 M I Nagier anl Das

! Carta (nopubl 1ed)
138 ‘anh- alults| € 1utta 16 4 1 b DNapr ¢ Elwards and
Dus Capta DR
198 | Mal Us A A0 (@4 o 1 400) Oy od et al 101
19—38 veir
,
a Femalea UHKA T40 (3000 to 13 00) O, ol et al 10y
1036 3 ars

4
ENUMERATION OF RETICULOCYTES

Reticulocytes or reticulated erythrocytes arc youn, red cells they tum
sent the sti.e yust after the «clls have lost theit nudler and befure they are
fully mature The rotienlocyte count 1s expressed as « percentage of the rel
cells thewr percentage mudence ,ives mformation 1s to the netivity of the
red blood eell formation at the moment

5

The reticulation may appenr as a net woil over the whole cell s 4culle

tion of diserete rods or s grawles  These are not shown hy ordm)dmm

Romanowsky stans and ¢ spectal supravital stunmg method 15 neeessarg ood
demonstrate the reticulation out 2
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Stawning methods —V nious dyes hive buentized for stammn, reticuloeytes but
brilhiant eresyl biuc s been found to be the best ind 1t 1s now wsed unn ersally
Althou b builhiant cresvl blue 15 the dve of chotec v numba of differct
methods of using 1t have heen sug,ested  Methods for reticulocyte stamnmy,
wy be classified m the ollowin, groups m 1l of whick scruprlowsly dom
and polished slides and coverships without any ser stches should be nsed® —

A Methods o wlach 1 thin film of the dve 1s dried on the shide or ey
slip and the Dlood added later

B Methods m which the DMood 18 nuxed wath 2 solution of the dye
With either method (3) 2 dried smewr ot (1) 1 wet covershp preparation
may be made

tpwaratus reuiel [f r metlod of chove L (w)]

(1) Tolished Tide
(i) Clean covership  (prefarably .40 mm )
(ur) Cresvl blue solution 1 gur Cent 1n 08> jer cunt sohum eblonde
(0t) Capiitury 13 tte
(1) lubber teit
{1} Va uhine or parvhn
(11t) Gas or spant lunp
(uint) Bl hs ¢y prece (or ome nv s of hantmg the m 1o copre fill)
(1) Micro coro

A ldvtianal requuements for other methods

(1) burgical prickmg neelle or blood gun
(tt) Al ohol ether anl cotton v vot

(1 1) Cresy) blue solution J per cent 1 1) olute alcohol
(12) Wile mouthed gluy bottle

(t) Ypieimen tube 1 (3) and (w)
(1) Ealter pager
(1) Lot hmans stam } v () wd B (3)

(1) Dr talled water
e

Mcthod A

To prepare shides or coveaslips proceed s follows —

Mahe a 1 per ecnt solation of bratliant ciesyl blue m dnolate 1eohol el
leep 1t m a well stoppered bottle The shde may be prepared Iy one ot the
following methods -—

(a) Take a polished shide heat 1t a hittle over 2 flume and put 1t on a flat
even surface With 2 capillars ppette t ke some brithant eresyl blue

¥ St 51" eag ahonll be cleamed anljsh led 1 tle folloving wav —
() Only mew shiss sloull be uscl Tut the 1de m « gln s Jar conta mag pint

heep them soahed m spinit for over o4 hours

() With & pur of forceps trke out one lile at a tine all the spint to dram Cff
‘the hile and then flame 1t over n p it fam] or gas burser

e of the shde w th jes eller rouge uswmy, & soft cloth Mark

h well one
() Pl Jott hed sde with & g1t s pencil a31 ke p 3¢ m o dust proof shile X st
us

t
- —heep the covershys m a wide mouthed glass jar soshed 12 pin
bullre e it P of fine T wwpt he out one coversly At 4 tim  Allon tha pinit fo
1 off flame tlem _over a spint lamp or ga larmer clewn sith @ soft cloth and kecp
Clea; covercd 1 a small Petr dish until thev are wanted

e
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solution from the stoppered phtal and put a drop on the middle of
the shde  If the shide 1s clean and 1t 15 on an even surface the stam
will spread concentrically and will be distributed 1n a umform
manner The stam wll dry in a mute or so  the shde 15 then ready
for nse
() Put some stain i a wide mouthed glass bottle Warm a polished shde
by passmg 1t through a Bunsen flame and holding it 1n a parr of
forceps dip 1t vertically tato the jar of the dye up to three quarter
of ity length  Take it out allow the excess of stan to dramn back
mto the bottle and before 1t 1s dry put 1t 1 an upnght posttion
mside a specmen tube at the bottom of which a piece of blottimy,
paper has already been placed Put in the cork and allow it 10 stay
overnight  take 1t out and wipe the stamn from the unpolished ,de
of the slide with a mosst cloth 1t1 then ready for use
Slides prepared m either of these ways may be kept for a long time 1 a dust
proof shde box and nsed when reqmred
() To prepare a dried smear only prepired by the second methods arc
suitable
Put a drop of blood oxalated or from the finger on one end of a prepared
shde and draw a very thin smear across the stamed surface of the shde mn the usual
way—the use of 2 hazmocytometer covershp as a spreader facilities the drawang
of a thin smear ~ $hdes prepared i this way may be counterstained with any of the
Romanowsky stains in the usual way
{1} To make wet coverslip preparations slides prepared in either of the above
methods may be used
Put a drop of blood oxalated or from the finger on the stamned surface of
prepared shde gently place a coverslip on the drop of blood avoiding air bubble
as far as possible  If the drop of blood 15 of the proper size 1t will spread uriformly
under the pressure of the covershp but 1n case it dees not do so apply very gentle
pressute with the tip of the finger so that the blood spreads evenly but on no
account should the covership be pressed hard as some of the cells may be ruptured
Rung the covershp round with hard paraffin by dipping a match in melted paraffin
and stroking 1t on to the slde at the Junction of the shde and covershp

Method B

In this method small amount of blood 15 mixed with a quantity of dyve 1n some
definite proportion

(i) Method of Osgood and Withelm (1934)

Putoscem of 1 per cent brlbant cresyl blue solution in 0 85 per cent sodium
chlonide 1nto a small test tube on a rack  Add n equal quantity of ovalated blood
from a well haken flask  Mix well and allow the mixture to stand for about 2
mmntes  Rotate the tube between the hand to get an even mxture
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Withdraw a hitle of the mixture with a capillary pipette and put a drop at one
end of a polished shde  Make a thin smear and when 1t 15 quite dry counterstamn
with Leishman s stamn in the usual way  The shde 15 now ready for examination
for reticulocytes A differential count of the leucocytes can also be done at the
same tiume

(1) Modification of the above method  This 1s the method of chosce

Prepare 2 mixture of-cresyl blue and oxalated blood as m the above method
With a capillary prpette take out a httle mixture and piit a small drop at about
the centre of the pohished side of a clean shde  Apply a clean covership on the drop
of the mixture when under the pressure of the covership the mixture will spread
evenly but 1n case 1t does not do so very gentle pressure with the tip of the finger
may be applied over the covershp The preparation 1s then sealed with yvaselne
or parafhn and 15 ready for exammnation for reticulocytes only |

Counting the reticulocytes

Slides prepared by any of the methods described above are first examined
rapidly with a low power (two thirds objective) and a portion of the slide 1
stlected where the cells appear discrete and there are not tpo many {n one field
This portion of the shde 15 now examed with the one twelfth o1l mmerston lens
The total number of red cells 1n the field and also the number showmg reticulation
are counted  Ihe use of an Ehrlich s eyepiece or a piece of metal with a square
hole m 1t placed mside the eyepiece to narrow down the field greatly facihities the
counting  Altogether one thousand red cells are counted 1 a more or less normal
case but if the count 1s high 5 per cent or more _500 red cells are sufficient the
number of celly showing reticulation 15 noted and from this the number of
reticulocytes per 100 red cells 15 calculated

A Veeder counter or some sumilar device 1~ useful here one counts the red
cell, and each time a reticulocyte 1s encountered clchs the Veeder When a
thousand red cells have been counted the number on the Veeder is read

In the absence of an automatic counter a pencil and paper must be u ed for
it 15 1 mustake to try to heep two sets of figures i one s head

Comment

Osgood and others have shown that divergent results are obtained with the
different methods m use  They obtaned the best resuits with the method described
by them which has the additional advantage that a differential count of the leuco
cytes can also be done n the same preparation We have however found that the
modified Osgood method which 1s the routine procedure in our laboratory has
gven even better results n our hands than the onginal method  With the modified
method all the reticulocytes stam very well and there 1s no clumping nor ov tl:rlap;;:ng
of the cells thus the countng 1s very much facilitated ~ With the ongm: ‘:m l;ld
a2 number of cells appear broken more so 1n the casc of wnemic blood and the cells
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ate less discrete  The percentige of reticulocytes appears to be shghtly Jower 1
the oninal than 1n the modified method  In a small number of cases where the
counts were done by both methods 516 per cent reticnlocyles wire found by the
ongnal method agamst 598 by the modified method

On account of the disergent results obtained by the different methods i wse
for comparative studies a uniform technique should be adhered to in the enumera
tion of the ruticulocytes not only by one group of workers but by all so that the
results of dfferent workers will be comparable

The modified Osgood method descnibed above 1s sumple and as 1t appears to be
superior to the other methods 1n many ways We recommend 1t as the method of
chotc: for the enumeration of reticulocytes

Normal values

It 1> unnecessary 1o guote the figures of numerous obseners regarding the no
mal percentage of reticulocytes  When 1n 2 healthy individual whose red cells are
at the normal physiok { level the and bmmolytic tnsues ar
functiomng normally the number of reticulated red cells reachwyg the peripheral
blood 15 less than 1 per cent of the total red cells The normal range 1 usnally
gnenas oI fo ro per cent  The present witers found a mean percentage of 0 67
4+ 037 1n a senes of 50 aity dwelling Indan males with a range from 02 to 14
and 037 + 027 amongst 122 women  On the other hand for Assam tea garden
coolies the mean was 217 + 192 and the range 0 1 to 108 per cent It 15 probably
true 1o sav that reticulocyte counts in man of over 10 per cent are evidence of
some una ual sumulation to the hemopoictic system  though they may be encountered
in an appatently heaithy mdividual  In our Assam coolie ertes we accepted these
findin,s of ily tigh locyte p 2 ooated as they were with a
low hamoglobin percentage 2s evidence of some abnormality of the erythorn n
the indrviduals concerned

-

Stgmficance of reticulocyfes

‘Whenever the hzemopoietic system meets an extraordinary demand for red
blood cells the reticulocyte percentage will nse but the reticulocyte n e will ot
be mawmtamed even thiugh 1t will take some time for the deficrency of the red cells
ta be made good

For example if a healthy individual loses a large quantity of blood there 1
an immediate steady nse n the reticulocyte cunve which reaches 1ts_maximum
and falls to nomal again withun a few days whereas 1t will probably be a few week
Iwfore the 1o7s of blood cells 15 made up

Sumilatly in deficency anemias when the deficient substances g  hemn
posetin In pernicious anemia and iron in yron deficency anemia are supplied the
hremopotetic tissues 1n the bone marrow are now emabled to meet the demand for

4
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red cells and there 1s a mse 1n the reticulocyte percenfage that starts within two or
three days and reaches its maxamum within five to ten days after which it falls as
fast as 1t rose

This reticulocyte nse grves a valuable mdication that a deficiency has been
made good

A third example 15 m tovic aplastic anemia where a town 15 depre sing the
function of the bone marrow In this case there may be no reticulocytes at all to
be found in the peripheral blood but once the toxm 15 neutralized or otherwwse
ceases to exert 1ts toxic effect the hremopoictic trssues will start to function properly
reticulocytes will appear mn the blood therr percentage will nise to a maximum
within a few days and will fall again to the normal level but m the absence of any
further mtoxication the red cells will continue to ncrease until they reach ther
nomal level

It should be empk d that whibt a locyte cnisis as this sharp e 1
called 15 evidence that the hiemoposetic tissues are functioning effectively 2 fall of
reticulocy tes 1o the normal level does not wldicate anmy, cessasion of this functioning

but on the contrary it usually sndicates that red blood cell formation 15 being
curied on 1 an orderly manner

In true hemolytic anzmias there 1s a constant reticulocytosts as pot only will
the anoxemia stimulate erythrogenesis but there 15 a second source of stimulation
m the debnis of abnormal hemolysis which has
to be disposed of by the reticuloendothehal
tissues

A constant reticulocyte count of 5 to T0
per cent or hugher 15 evidence of excessni
hemolysss and m a hzmelytic anaemm the
% return of the reticulocyte count to normal t»
: usnally evidence that the excessive blood des
tructson has ceased

as

T

Reticulocvie crises

The extent of the reticulocyte response 1
governed mamly by the ongmal level of the
HEH red cells in the anzemc state  For example i

T a case of pernicions anzmia the me in the
.. reticulocyte percentage after the same adequate
dose of Iiver extract may be as high s 55 per
Mo o —Ruddles chart for calu  cent or practically neghgible according to whe

Lc‘;‘f;";fgp(f::c '23;;3:? ,:,ﬁ;'l‘n"x ther the red cell count was 5boof 000 1‘)er ;: mn:
cious «nzma  vith  adequate or 3000000 per ¢mm efore treatren
therapy Doubling the dose of Jrer extract would make

no difference to the height of the reticalocyte

but rediucing it to an inadequate dose would Therefore 1 pernicions
if one has a chart showing the expected reticulocvte sesponse one can

de d N mom Rty P £ Hh Troatment
T

Tesponse
anEm a
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Judge whether or not the dose of llwcr extract given was an adcquite dose We
have gien a chart here not so much for practical use 1s pernicious an@mia 1s
rare in India but to demonstrate this point

In 1ron deficiency anemia  the response to adequate iron therapy 1s also pro
portionate to the degree of the anemia but m this case the reticulocyte count does
not respond with the same mathematical preciston

5
ENUMERATION OF THROMBOCYTES
Thrombocytes or blood platelets arc colourless or shghtly blush bodies

spherical ovord or peat shaped and are usually about one thlrd of the diameter
of 2 red blood cell but they may be larger especially n pathol

No method of enumeration of blaod platelets 13 entirely satisfactory as plate
Jets tend to form clumps and to stick to any foreign surface with which they may
come into contact However with careful techmque counts sufficiently accurate
for practical purposes are not difficult to obtan The principal pomt to be re
membered in the platelet count 15 that mampulation of the sample of blood should

be avoided and if possible the blood should be taken directly on to the counting
shide

The platelet count 1 expressed as a number per cubic milhmetre of blood
There are several methods for estmating the number of platelets these fall under
the two mam heads the direct and the indirect methods

1ppor Lis veq u ed [for method of el nce B ()]

As n the reticulocyte count

Addit onal requs ements for other n ethods

For sietiod 1 {}-—Red bloo} cell pipette
() Sodmm citrat 2 per cent solution (fresh and stenl zed)
(1) Countng chamber with Neabaver ruling ani covershp
For tethod B (} —Magnesmm sulphate 14 per cent solution

A Direct method —In this method the number of platelets per cubic milh
‘mefre 15 calenlated without amy teference to the red blood cell count

Prick the finger with a sharp surgical needle and with a red cell pipette draw
blood up to the 05 mark and dilute 1t with fresh stenle z per cent solution of
sodium otrate up to the vor mark After gentle shaking put a drop m the
counting chamber wait 3 to 4 minutes to allow the platelets to settle down focus
the lLight carefully and count with the high power all the platelets in 1 square
milhmetre area  The number of platelets per cubic millimetre of blood 15 then
calculated i the usual way
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L Indwect method —As n the enumeration of the reticulocy tes the plate
lets are at first expressed as a percentage of the red cells calculated from the
number of platelets observed

Rety cubyles Flatelets n counting one thousand red
cells The number of platelcts
per cubic millimetre can then
be calenlited from the total
ted cell count which must be
done at the same tme Of
the many mdirect methods
advocated the following two
methods have given consistent
1y good result 1n our hands —
(7 Clean the tip of the finger
first with soap and water and
then with alcohel and ether
and apply a thm layer of stert
lized vaseline over it Prick
the finger with a blood gun or
sharp priching needle through
the thin layer of vaseline As

116 10 —Showmng six reticulocytes seven mature
erythrocytes and mne platelets the blood comes out touch the

uppermost portion of the blood

drop with the centre of a 22x40 mm covershp Place the covernship on a dnel
cresyl blue stamed shde prepared by method A (a) or (b} as described for the
reticulocyte count  With very gentle pressure try to obtain as umformly spread a
film as possible and finally seal the sides of the coverglass with vaselme or paraffin

(1) Clean the tip of the finger as above Balance a drop of 14 per cent
solutton of magnesium sulphate on the back of the finger just abose and to one
side of the nail groove Make a small puncture through the drop The drop of
blood should be such that the resultant blood mixture 15 about 1 m 20 Mix
rapily with a paraffined® capillary pipette Transfer the blood mixture fo clean
shdes make very thin smears and stamn with Wr ght s or Leishman s stain

The covershp preparation (i) or the <iide () 1s examned with an ol

smmersion Jens A small rectangular field 1s more convement for countng than 2
big arcular one (v s) Note the number of platelets seen counting I 000

red cells
Successive fields from the different areas of the smear should be examined so
as to ehminate as far as possible the error from uneven distribution

The red cell count 1s done as a separate procedure m the ustil way

d with a thin
¥ .atelets do not adhere to a paraffined surface so that if glass 13 covere
layer of ;:raﬂ'm the platelets do not tend to adhere to it The pipetie 15 prepared Ly
drawing hot melted parafin wax through it a thin layer of paraffin sl adhere to the
glass when it cools
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By a simple caleolation the total number of platelets per ¢ mm may now
be ascertamed  Thus 1f the total red cell count 1s §000 000 per cmm  and »f
¢ be the number of platelets counted agamst 1000 red cells then 12‘_55':"702&"
or v x5 000 15 the total number of plateless per ¢ mm
Fxa sple —Total red blood eells=4 500 000 per ¢ mm
Number of platelets counted agunst 1000 sed cells=s0
Therefore platelets per ¢ mm =32 "4' f:; biad

or 5)%4 500=2 5000

The cnumeration of the platelets by the imdirect method though more
Iaborious 1nd tume bsorbing as a total red cell count has also to be made 1s
nevertheless much superior to the direct method Results obtained by mdect
methods especially by method (i) are always higher than those of the direct
method as thero 15 very little contact with forei,n surfaces

Normal values

The figures given by different wnters vary considerably  This vanation s
undoubtedly due to .ome extent to the differences in the methods adopted for
counhing them but therc are considerable vamations m th platelet counts done at
different times by the same method 1n the same ndividual

Whitby and Bnitton (1939} in Creat Bntam gune the range as 250 000 to
500 000 per cubic millimetre and Gram {1920) 1 Amenca as 280 000 to 540 0cO
with the average at 350000 The present writers found 360 000+248 600
Caleutta and 423 000 +343 000 1n Assam 1n the laiter series there were a number
of <o calfed normal individuals with platelet counts of over a milhon and a half

6
DETERMINATION OF CORPUSCULAR VOLUME

LPrinciple —A volume of unceagufated blood &> centnifuged at a high speed 1n
1 graduated tube until there 15 1o further packin,, of the corpu cles  The level of
packed red cells and of the serum are read off directly from the tube  from ths
the proportion of the packed cells to the whole blood 15 calculated and 1 expressed
as » percentage
Apparatus vequired
() Graduated cell volume tubes fitted w th rubber cerks
() Capllary pipettes  th subber teats

(i) Heghspeed centnfuge machine that will rotate at at lea t 3 000 tevolutions per
mmute

(v) A balance to ensur that the w ight of the tubes and their contents are abonut
ual

q
(v) Hand lens
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Cell volume tubes —Vanous types of tube are m use  these vary 1 length
bore and capacity Wintrobe uses small tubes 11 centimetres long with 1 bore
of 25 milimetres which are marked jn millimetres and centimetres from o to 10
In our laboratory we use a tube 7 5 centimetres Jong with a bore of 7 mullimetres
and graduited from o to 110  These tubes were specially made for us by Mes 1s
Baird and Tatlock London to fit m our high speed centnifuge machine but
comparatively short graduated tubes of this kind are now easily obtamable from
nstrument makers

As the degree of paching of the cclls depends to a certam extent on the calibre
of the tube 1t 1s desirable that the same sct of tubes which were used 1n working
out the normal standards should be u ed 1 all subsequent work

Method —The blood 15 taken mn the usual way mio a 5cem or 3cem flsk
contaming oxalate (see p 2) With a capiliary pipette withdraw oxalated blod
from the flask after 1t has been well shaken fill up the graduated celi yolume tube
from the bottom upwards exactly up to the 100 mark put in a small rubber cork
to prevent any evaporation dunng centrifugalizaion and place 1t 1n the centrifuge
bucket

If possible two specimens should be placed mn the centrifuge at the same
time In any case the centnifuge bucket contumng the gradutted tube must be
balanced agamst a stmlar bucket and tube so that their weights are exactly equal
before these two buckets are placed m opposite sides of the centnfuge this
elementary principle must be observed ngidly bLoth for the sake of the centnfuge
and for sahisfactory packing Centrifuge at a high speed—2 500 to 3 000 revolu
tions per minute—until there 15 no further packing of the red cells

The maximum time required for complete packing of the red cells must be
found out by a few prelmmary experiments This will depend to a great extent
on the centnifuge machine

The tubes are first spun for 20 minutes at a ligh speed the actual speed being
noted they are taken out and the readings taken they are agam spun for
another 5 munutes and the readings agan tiken The process 1 continued
until there 15 no difference between two comsecutive readings—the time at whih
the first of these two readings was taken 15 the time required for complete paching
of the cells as there was no further paching  The mean time 12 mnutes for ro to
20 such experiments 1s taken as the time required for complete packmng of cells with
that particular centnifuge machine at that particular speed However i all sub
sequent examimnations a lttle extra tme say 5 munutes should be allowed over
and above the mean time determined

Generally the cells are fully packed i the tubes are spun for about 20 minutes
in a centrifuge machme at a speed of 2 500 to 3 000 revolutions per munute but
1t 15 safer to allow 30 munutes

The tubes are now taken out of the buckets and with 2 hand ler the
marhing on the tube corresponding fo the level of the packed red cells 1s noted
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also the top level of the serum 15 checked If this 15 at the mark 100 then

the red cell reading can be lated directly mto a p but if 3t 1> more

or less than To0 the percentage figure must be caleulated making an allowance

tor this fact

Fxa ple —If the top of the <erum 19 at the 10z level and the rel cells at 4z the

100
cell voume 13 36z X 2= AT 17 per cent

thath Teukeemic blood 1t 15 almost 1mpos 1ble to tead the top kel of the red
cell accurately and therefore 1t 1> difficult to ascertain the correct cell volume
This may be temedied st least partally by allowmg the charged cell volume
to stand for half an hour before centnfuging when the demarcation between the
red and white cells levels will be more cleatly seen

Anfr coagulant.—This has been dicussed above (p 2) but perhaps we should
again mention that 1if the isotomic mrxture of potassium and ammontum  which we
rec be used no shrink will occur

On the other hand if potassium oxalate alone (o0 2 per cent) be ued then a
factor x Y09 must be applied to the cell volume before the corpuscular value arc
caleulated

Example —The uncorrected cell vo oine 1s 49 per cent  the corrected cell volum will be
Hx109=47 6

CALCULATIO { OF CORPUSCULAR \ALUES

From the red ctll count the b 3 pressed 1n g per cent and
the corpuscular volume certun absoulte values can be calculated

These values are —

(1) the mean corpuscular wolume (MCV)

(2) the mean corpuscular hamoglobin (MCH) and

(3) the mean corpuscular ha moglobin concentration (MCHC)

Mean corpuscular volume

This s the mean or average ‘olume of 2 single red cell

Itis expressed an cubic microns (cuy) and 1 obtamed by the followmng
method —

\CV = V_lume of packed sef cells n € cm per 1000 ccm_of bixod
Rel cels mmlion per cmm

Exa ple —Corpuscular volume=40 ¢ tm per 100 ¢ cm of blood

Red celd cou t=5§ wov Cov per ¢ mm

o
M an corpuscular volume= 2210

=S00 eubic microms feu w)
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Mean corpuscular hemoglobin

This 15 the average hzmoglobim content of 1 single red cell expressed wn micro
microgrammes (yy)
It 15 obtamed by the following method —
MCH — Hzmoglobm 1n_grammes per 1 000 ccm of blood
Red cells 0 milions per ¢ mm
Exemple —Hzmoglobin =14 grammes per 100 ¢ cm of blood
Red cells=5 000 000 per ¢ mm

Mcan corpuscular hemoglobin = 1“—’;—’5 =28 oyy

Mean corpuscular hamoglobin concentration

This 15 the mean or average of the hemoglobin concentration i cach cell and
15 expressed as a percentage of the cell contents —
MCHC-— _Hemoglobin 1n grammes per 100 cem _of Llood
Volumc of packed cells il c cm per 100 ccm of of blood ¥ 10
Evample —Hzmoglobin=14 grammes per 100 ¢ mm of blood
Corpuscular volumes=4o ¢ cm

Nean P co! :% X I0D=350 per cent

That 15 to say n this instance 35 per cent of the cell substance consists of
hzemoglobm

The great advantage of these mean values 1s that in calculating them 1t 1> not
necessary to decide on any arbitrary normal as one does in calculating indices ¢ g
the colour mdex for arrivang at which one usually considers 5 000 000 red cells per
cmm and 100 per cent hamoglobin to be the normal values Ungualfied a
cofour index 15 a meamngless expression as even if the above normal values lave
been taken 1t 15 still uncertam what 100 per cent hemoglobin means (vide p 5)
If later one decides on the normal values for the parhicular population then it 1 a
very simple matter to calculate the colour ndex

Example —MCH of the particular case=35vy

Mean MCH of the population=30yy

Co our 1ndex (Cl)=%?,=x 16=117
Similarly the volume index and the saturation index can be calculated from
the MCV and MCHC respectively
There 15> 1n our opimon lttle pont 1n calculating these mdices and we recom
mend workers to get mto the habit of thiiking 1n terms of mean corpuscular values
instead of mdices just as they should get ito the way of thinking i terms of
of h lobin 1nstead of p t:
Normal values —There are undoubtedly different normal values for different

We will consider mean corpuscular volume first Whitby and Britton
e wnters nor the

g

populations
give 86 as the mean with the range from 80 to 94 but neitber thes \
majonty of others who give normal range makhe any attempt fo e‘cplamb“hal they
mean by the normal range  They can ccarcely mean that alf normal observations
fall within the range but they do not speaify what percentage of obsersations may
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be expected to fall within it If one grves the mean (m) and the standard deviation
(sd) of a number of observations that at least does mean something definite
namely that two thirds of the observations will fall between nrisd and m—sd and
that 19 out of 20 will fall between m+2xsd ana m =2 xsd

The last figures seem reasonable ones for practical purposes and can certainly
be applied amongst hzemoposetically more stable populations than we usually en
counter 1n India but 1n most of our popnlations st provides too wide a range Even
for onr Caleutta series m which the mean 1s go 49 cu u the range would be (go 49
+2x790=) 10629 to (9049—2x790) 7469 or n round figures from 75 to 106
thiy 15 too wide to be considered a normal range though the mean s close to that
given by the wotkers  On the other hand some of the Assam so-called normal
populations have a very low MCV and if the same rule were applied the range
would be nidiculously low ¢ g 5721 to 8537 cu s 1n the first Assam senies quoted
but there 15 evidence mn this case that the whole population 1s suffering from a
degree of won deficiency anzmua  therefore as the figures are not based on 2 truly
normal population this rule cannot be applied

It 15 obvious that no hard and fast rule can be laid down  Whenever posstble
1t 15 best fo examine normal individuals of the population concerned and where
one can be certain of excluding most of “the cases of sub chnical blood dyscrasia to
calculate the range from the mean plus or munus twice the standard devitation
Otherwise 8o to 100 cu ¢ may be taken as the normal range for general use 1
India That 1 to say any hgure below 8o cu g may be taken as mdicating
microcytosis and any above 100 cu p as indicating macrocytosis

Simlarly for the mean corpuscular hemoglobm on the Calcutta figures the
normal range should be 28 53 +2x231=2391 and 3314 or roughly 24 to 33yy
This 15 1 our opimon a good normal range for generat use m India any figure
below 24yy indicates hypochronma and any above 33yy hyperchromia

Fmally a good range for the mean corpuscular hzmoglobin concentration 1»
30 to 35 this 15 not based on any of the data quoted for reasonms into which ne
need not go now but on our general expenence

7

HYPERBILIRUBINAMIA AND VAN DEN BERGHS TEST

Bilirubin the chief pigment of the bile 1s 4 by product of hemolysss It s
denived fram hemoglobm bemng the porphynn (globm and wron free) fraction of
the hzmoglobin molecule

The balirubm 15 formed by the disintegration of the red blood cells by specialised
reticulo endothelial cells present 1 spleen liver bone marrow and elsewhere
“The result of the dismtegration of the red cells 1s the formation of a simple jron
compound which 15 preserved and re utthsed for the formabtion of new red cells
and an 1ron free pigment bilirubin which 15 excreted by the Iiver 1 the bile It
eheved that this disintegration of the red cells and elaboration of

b
was formerly t recent researches have defimtely

bal rubin wsed to take place in the liver alone bu
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shown that bilirubin 1s elaborated mn any organ having these speciahised rety
euloendothelial cells but 1s mostly scen m spleen hone marrow and lner

But wherever 1t 1s formed the bilirubin enters the liver through the
hepatie yascular eapillares from where 1t passes through the polygonal cells
mto the bile capiliaries 1ng 1 between the column of Iner cells and 13 finally
discharged 1nto the bile duets

Normally, the bilirubin 1s coneentrated in the gnll blader and would pass into
the small mtestine  In the lar,¢ intestine the bilirubin undergoes reduction by
bacteria to form urobilineen (also ealled stercolinogen) A partof the urohily
no,en 18 exereted m the stools and on exposure 1s conserted into urobilin (stereo
bilin) by oxidation 1 ut the bulk of the urobiltnogen 13 re 2bgorbed in the portal
crrculation passes to the huer and 15 alimost eompletely re exereted in the bily
Any urobiiino en which mav eseape mto the general errculation 1s exereted by
the kidney and 1 conserted to urobiln by oxidation when the urine 13 voided

As 2 result of noral hamolveis of the red blood cells bilirubin 18 normalfy
present i the plasmaand serum usuakly i a dilution of 110 400 000 or 0 25 mgm
per 100 cc of blood Lut may be present up to n dilntion of 11n 100000 or
10 m,m per 100 c ¢ of Llood The yellow colour of the plisma and serwm 15 1z
part due to the presence of bilirubin When bilirulun 1s present 1n the blood
1 excess of the notmal amount the condition 15 known as hy perbilirubinemiy

Fhrhich observed that when uiphamlie aeid and sudium nitnte were adde 1
to a solution of bilirulan 2 reddish violet substanee azo bilirubin was forned
The reaction 13 specific and very delicate will show bibrubinin a dilution of 1
1500 000

Van den Ber,h mnade use of these observations not only to test for the excess
of bilirubin but to draw eertn conclusions from the nature of the result M
orginal elaims are now questioned but h  general eonclusions hold good and
form the basis of the test which we ave deseribing

The 1an den Bergh reaction

The reaction 1s classified mto two main tvpes the direct and the ndirec
The direct reaction may oceur either as immediate direet reaction or delayed
direct reaction A tlurd type of reaction the diphasic reaction may alsa geeut

1f the passage of the bile 15 obstructed due to ohstruetion m the hepatic or
common bile duet the seerction of bule continues until the pressure m the duets
equalises the seeretors prossure of the liver cells When thisoccurs the bilirubin
would enter the hiver but mnstead of being scereted into the Ile eapillaries sz re
absorbed by the liver cells when 1t carabines 1n some Joose way with bile salteand
cholestrin and passes out of the Iiver through the hepatic vemn and the Iymphaties
nto the general erreulation  The assoeiation of the firubin with bile-salt ar 1
cholestrin prevents ifs adsorption by the protemns of the bloed and therefore
bilirubin m this state will give a prompt direet van den Berph reaction

When the destruction of the red eells 1s such that the balance between the
production and exeretion of the bile pi_meut cannot be mamntamed even by a
normal I er with its lirge funetional reserve the concentration of the ilirubin
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r1ses above the normal level in the blood  The excess bilirubin does not pass
through the hver cells and 1s 1n some loose combination with the protems of the
blood and therefore would gise 1 positive reqction with the diazo reagent only
when the protemns are precipitated with alcohal Thus sndirect 3 wn den Bergh
test 15 found to be positive 1 e1ses of excessive formation of bilirubia due to
merensed destruetion of 1 large number of red blood cells

In conditions of Iivc1 dvsfunction 1ssociated with eveessive hemolysis the
b1 phasie 1eaction will be positive indieating that hoth forms of bilirubin are
present

The teehmeal detatls of the test have heen modified many times and 1t 15
done 1n a number of w 1ys n difierent laboratortes Codfried (1935) recommends
the method described by Thannhauscr and Anderson (1921) as the most smitable
for elmeal purposes this 1s the method that we tollow n our Inboratory

Apparetug required

(1) Graduated pipettes 1cem 2eem 5cem and 2 cem
(@) Small test tubes 4 mnches hy 3 mch
(ss) Centrifuge tubes
(1) Small ghss teakers or flashs
(2) Capillary pipettes with rubber teat
(1+) Centrifuge machine
{in) Seale cotalt uiphate stondard fubes
(i111) ¥ & Lowbond compirator with the coloured dises for balrubn

Teagents

Aleohol_absolute anl 90 per cent
Saturated solubon of ammomum ulphate ths 13 prerared by di solyng an excess
of ammomum sulphato n hot water (sa that some unhix olved st 12 1 ft at the bottom)
Normal salme
Duazo reagent
(A) Suljhamlic acid—1 gramme
Concentrated hydrochlone 4 1~13 ¢ em
Distalled water 1000 ¢ em
(B) Sodmm nitnte_05
Tnstilled water 100 cem
Stock solutions of (A) and (P) are mide  Separately they heep well fora
long time
The test can be done erther with the serum or plasma  When the cell volume
15 1lso bemng estimated the supernatant plasma m the eell s olume tubes, after
the paching of the red cells 1s quite sufficient for the test  When the test 1s
done by aitself 8 cubie centymeties of blood 1s dtawn and pliced m 2 dry test
tube or an oxalated test tube
The blood 15 collected i the usual way and eten the sl hiest henolvas must
be ayoided (vde supra) Preferably the blood vhould be collected mn the fastm,
state as 1t 18 clumed that food intahe especially 1 g meal of earbohydrate
and fat affects the level of serum bilwubin  The specimen must alwavs be
exammed within 2 hours as otherwise paradoxiel results may be obtamned

Tut stacks ma
* tor can be obtared from British D ug House TLondon 7
be a :?;’l‘:bfeontxj:l?ls Company & depots »n India Imperal Chemeal How» Ballirl Estate
Bzm!;-w or ¢/o TL 8 Cluk Kent Hounse 13 M on k w Cal utta
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Technigue —Prepare the diazo reagent by mixmmg 10 cem of (A)and 03 ¢ cm
of (B) m a small flask or beaker

This mixture must be prepared just before use and must never be used later
than one hour after it 1s made
Pipette off the clear supernatant plasma from the cell volume tubes
Take exactly T ccm of plasma 1 a centnifuge tube
Add exactly 05 cem of diazo reagent and mix well
One of the following things may happen —
(i) The muxture becomes reddsh violet within 30 seconds—Direct reachon
(1} The muxture becomes shhtly reddish at once and the colour gradually
increases mn intensity and becomes reddish violet—Biphasic reaction

(1) A reddssh colour appears*m about a munute which gradually deegens into
reddish violet —Delayed direct reaction

No change of colour eccurs within 1o minutes

Indsrect reaction —If no change occurs add to the muxture of plasma and diazo
reagent 25 c em of alcobol {absolute or g6 per cent) and 10 ccm of saturated
solution of ammomum sulphate

Ak well by mverting the tube allow 1t to stand for about 2 mnutes and
centnifuge for 5 to 10 mumutes

A positive sndirect reaction 15 indicated by the upernatant flmd becoming
coloured a distinict bluish viclet the intensity depending on the amount of bilirubin
present  As bilirubin 1s present 1n normal blood a famt viclet colour nearly always
appears  such a reaction obviously has no pathological sigmificance

Quantitative tndirect reaction —It will be clear that =ome form of quantitative
cstimation 1> essential  Many elaborate methods which require spectal apparatus
have been devised bat 2 fauly accurate estimation of the bilrubimn content can
be obtamed by carrying out the test in the way described above and comparing
the supernatant flud with a prepared standard or with a permanent colour
standard

(i) Comparing the supernatant coloured flaid with the cobalt sulphate standard
{2161 per cent) has given the most satisfactory colour matching i our hands

Preparation of the coball standard solution —Disolve 2161 grammes of
anhydrous cobaltous sulphate 11 Too cem  distilled water The colour of this
solution corresponds to that of T m 200 0co bilirubin or 0 5 mg of bilirubin per 100
cem  Solutons equivalent to 64 03 02 o1 and oo5 Mg per 700 ¢ ¢ are
made by diluting the ongmmal solution

About 2 ¢ em of each of these solubions 15 put to tubes made of hard glass
The tubes are then sealed numbered and kept m the darsk and are brouht out
only when required  Properly stored the solutions retain their colour for a faily
long e In our laboratory we did not find any d:ifference 1n colour 1n solutions
which were 1n daily use for over six month when these wete compared with
freshly prepared solutions

Techmgque for the use of cobalt tandard solutions —Take about 2 c em of the
coloured supernatant fluid in a tube having 1dentically the same bore as the standard
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tubes and compare its colour 1n a comparator with the cobalt standard tubes  The
figure on the tube grving the correct matching with the supernatant find maltiphed
by four gives the birubin value of the undiuted serum for the difation of the
serum m the supernatant flmd contamng azo bitwubin 35 ¥ mgandnotzns
because the saturated ammomum sulplate retmawns as a separate Jayer and does
not contan azo hbrubin

If the supernatant flmd 1s of a deeper colous than the cobalt standard tube
marked 05 dilute the supernatant solution with normal saline (didution with 67
per cent alcohot which 15 recommended makes the solution hazy and difficult to
match) ontil it matches one of the cobalt standard tubes  Note the dilution required
to match and cakulate the amonnt of bilirubimt n the specimen

Exw iple ~One culne centimetre of supernatant*fmd was taken to which was added

¥ cubic ceptimetre of normal sahne 10 watch the tube marked vy
Fust dilunon of serum an the supernatant Sud 1s 1 3 4
Second dilution to maich the colour 1s ¥ 1D 2
Thetefore total dilution 15 dx3=}
Then the onginal plasma contaned o 4 x8=3 2 mg of biruhin per 100 ¢ cm

(n) Lowbond comparator —Quantitative estimation of the mdirect van den
Bergh reaction can be sumplified by the use of a bilirubin disc 1 the Lovsbond com
parator  The disc contains coloured glass standards marked 02 04 06 08 30
125 150 175and 20 mg which are calibrated m such a way that when the test
25 done in the way described above the matching with any of the ducs gives
directly the reslt for the undiluted serum (figure x1)

Fio 13

Lowibond  comparator with the bily

Rirulan da e for the Lovibond
sabin disc and tubes in position comparator
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Techmgue for the use of the comparator —~Fit 1 the disc mathed bilirubin
1n the Lovibond comparator ~ Transfer the coloured supernatant fluid to the n ht
hand tube of the comparator A tube of distilled water should be put belund the
hole showing the coloured glass Hold the comparator agamst a source of light
(daylight 1 much better’than any artificial light) Rotate the disc till a correct
colour match 15 obtamed the number that 15 vistble indicates the bilirubin value
n mg per 100 ¢ cm of undiluted serum of plasma eg 08 mg m the above figure

When the colour of the supernatant flmd appears to he between two conse
cutive coloured discs and does not exactly match either of them an intermediate
value 1s recorded

If the biirubin value exceeds 2 mg per 100 ccm dilute the supernatant
flmd with normal sahne untl a correct match 1s obtained with one of the coloured

glasses  Calculate the bilirubin value by multiplying the number on the disc by
the dilution factor

Discussion —The sigmficance of the positrve mdirect van den Bergh test in
hzematological mnvestigation 1s that 1t gives a broad ndication as to whether the
anzmia 1s due to excesstie blood destruction or not

In the true hemolytic anemuas the test always gives a hugh reading 20 mills
grammes or more

In permicious anwerma a reading well above the normal range 1 usnal for
though 1t 1s not a trie hemoly tic anemia the deficiency of hxmopoetin  leads to
the formation of abnormal cells which are very susceptible to destruction by the
normal hemolytic tissues

In tropical macrocytc anemias 1n a large number of cases especially
those with enlarged spleens the test 15 much above the normal range and 1n a small
number of cases the test 1 well within the normal range  This 1s probably due to
destruction of an increased number of red blood cells on account of the proliferation
of the reticula epdothelia] cells 1n the spleen  The associated hiver dysfunction 1
also a probable factor both 1n permicious anmmuia and tropical macrolytic anzma
m producing an increased ndirect van den Bergh reactionp

In won defictency anazmias 1t 15 within normal hruts and 1 aplastic anzmias
1t may be completely negative

It 15 not however an absolute ind: either of blood d
or of deficient blood formation as for example 1n an acute malanal attack when
there may be enough red cells destrayed to lower the red cell count a milhon ot
more cells per cmm  the van den Bergh often remains within normal Limts for
the Iiver cells are able to excrete this temporary excess of bilirubin 1n the blood but
i the red cell 1 d the bilir wll bly rse above
the normal range and a positive 1ndirect van den Bergh reaction will resnlt

On the other hand i Iwer dysfunct not by

anemia a posttive van den Bergh may be found for the liver cells are unable to
utihize the products of normal hzmolysis
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TanLe I
Showng the normal bilirubin accordsng io dsfferent observers
DILIRUBIN IN MICLIGRAMMES
PER IO0 CCM OF PLASMA
Author OR SERUM
TRange Mean S D
van den Bergh (Vaughan and Haslesood ©08-0 74
1938)
Creene et al (19 5) 03zo0 1
Perkin (1927} 005035
Barron {ro3r) oroz4
Elton (Vaughan and Haslewood 1038) oo0o025
Vaughan and Haslewood (1g38) oz17 0354 to 3
Mills and Mawson (rg38) orto 031 + 016
Napier and Das Gupta (1941) 0010 020 + o3
8

ICTERUS INDEX

Like the van den Bergh reaction the icterus mndex 1s a measure of the bilirubin
content of the blood  Though the test 1s sumple to carry out 1t does not grve all
the information which 15 obtamed by the van den Bergh test

Principle of the test —The colour of the serum or plasma 15 compared with a
standard solution of 1 1n 10 000 potassium bichromate which 1 taken as the umt

Apparatus required

() Test tubes 1n a rack
() Capillary pipettes with rubber teats

) Potassium bichromate solution 1 i 10 000 (to be stored n the dark
(1) Colommeter of the Duboscq or Klett type

Techmgue —Pipette off the supernatant plasma from the cell volume tube after

complete packing of the cells
Dilute the plasma with an equal part or with twice the amount of normal
saline {more 11 cases of jaundice} dili tion d hes the cloud of the plasma

and gives a better matching
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g wn the col —The foll of the scales and of
the lllummatmn must always be made each time be(ore the colorimeter 1s used
() Adustment of the scales Gently rawe the cups unul the hottoms are
m contact with the plungers The readings should be exactly at O
on both sides If they are not they must be brought to O by
adjbstment
(1) Adju tment for umform illumnation  Half fill both the cups with the
standard ¥ 10 000 potassium bichromate solution  Gently rawe the
cups until the bottoms touch the plungers—this will drive out any
air bubbles that may be 1n the flmd
Now slowly brning down the cups and set them at an equal depth say 15
milimetres  Adjust the reflector 1n such 2 way that the same amount of light 1
reflected up through each cup
Shght adjustment of the eyepiece may be necesary if both halves of the field
do not match exactly
Taking a reading —heep the cup on the left side at a depth of 15 nullimetres
Take out the cup from the mght side throw out the potassium bichromate
solution wash the cyp and plunger i water dry well with soft inen Put the
dilated plasma mto the cup and replace it on the nght side of the colorimeter
Gently ra: ¢ the cup until 1ts bottom touches the plunger Now move thi cup
contaimng the plasma up and down until 2 perfect match 13 obtained take a
reading  Move the cup up or down and agan adjust 3t to match take another
reading
Take the mean of three independent readings

Calculation

Teterus index < _Readimg of standard b chrortate _olution
Read ng of drluted plasma solvtion
Frample —One past of plasma 1z diluted w th iwo parts of norrual saltae
The cup contaming the standard solut on is at 15 mm
The cup contamung the unknovn plasma matches the standard at > mm
 Icterus andex— B x3=9

x dilation factor

B Valching 1n tubes —In the absence of a colorimeter results sufficiently
satisfactory for chnical purposes may be obtamed by matching the plasma or serum
diluted with normal saline agaimnst the standard ¥ 10 000 potassium bichromate
solution

Take two test tubes of equal height and calibre Into one put about 5 to
10 cem of standard potassium bichromate solution Into the other put I cem
of plasma and 2dd measured amounts of normal salme from a graduated pipette
until the colour matches the standard

Calculation —The dilution of the plasma reqmred to match the standard
potassiim bichromate solution guies the icterus mdex

Examplz ~To 1 ccm of plasma was added 7 cem  of mormal salme to match the
standard
Dilution of the plasma 1s 1 1 §
‘Ther fore acterus tndex=8
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C  Matching n a Lovibond comparator —If this comparator 18 available 1t
1s an mexpensive matter to obtain an iwcterus index disc  The undiluted serzm or
plasma 15 placed 1n the right hand tube and matched directly aganst the colour
standards 1n the Lovibond comparator When a correct matching 1s obtained
the 1cterus mdex 1s read from the night hand corner of a comparator as in the case
of the van den Bergh test (vide figure 11)

The normal icterus index 1s 4 to 7

9
THE MAKING AND STAINING OF BLOOD FILMS

Properly made and well stamed blood smears are essentnl for the white cell
differential count the enumeration of the muclear lobes of neutrophil polymorpho
nuelears as in the Arneth and Schnlling counts and also for the determimation of
the red ccil size by the Price Jones method

For ordinary work blood films are made on 3 by I nch glass shdes and for
special studies on 2 cm -square covershps only new shdes and coverslips should
be used if this 15 possible The shde and the covershp must be thin completely
transparent scrupulously clean and free from grease and dust

Cleanng glass shdes and covershps

Place the slides and coverships in sulphuric acid bichromate mixture* and allow
them to reman for 24 hours this muixture should be hept in a large jar for the shdes
and m a small one for the covershps  Decant off the cleaning mixture gnto another
similar glass jar which 1s then ready for use agam  Transfer the shides or cover
ships to a shallow enamelled tray or a big petn dish and place this under a tap
for 3 to 4 hours shrnng from time to time with a glass rod  Fimally wash with
v distilled water dry with a prece of soft hnen and put them in a jar of absolute
[{alcohol for 24 hours (methylated spmt may be vsed as a substitute) With a par
of forceps take out the slides or coverslips one by one allow the excess of spint
to dram off flame 1 a bunsen or spmit lamp clean agam with soX lien and
store m 1 dust proof contamer—in a shde box for the slides and 1n 2 small petn

dish for the covershps These are now ready for use for all ordinary work

Polishing the shaes

For special work polish one side of a shde cleaned as above with jewellers
rouge for 2 to 3 minutes clean with soft limen ( elvyt cloth or sik 1s the best for
this purpose) mark the polished side with a glass pencil and store for future uvse
m a dust proof contamer -

(A) SPREADING THE FILM IN THE ROUTINE USE OF VENOUS PLOOD

(i) On shdes —Put a few pohshed shdes on a flat surface With a syninge

collect the blood from a vem (vsde p 2) Before putting the blood mto the

em

* Concentrated ulphunc acid 100 €
Potassum Dichromate (powdered) 100 gm
Water
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ovalated flask and while the needle is still attached to the synnge put a small drop
of blood on to the middle of the shde a httle away from the end  Apply the thin

«dge of another shde with the corners
jcut off so that the spreading edge
narrower than the slide or better still
of a spreader (hzmocytometer cover
shps make excellent spreaders on
account of their smooth narrow edge)
to the middle of the glass sde shde
1t along untl 1t makes contact with
the drop of blood which will now
spread along the edge of the spreader
(slight Iateral movement wall accelerate
this) then with the spreader at an
angle about 30 to 40 to the shde
push the spreader with the blood
following it along the shde and raise
\the spreader abruptly just before the
whole drop of blood has been used up
The film should be dned quickly by
waving 1t m the awr or under an
electne fan  An 1deal film should
|l occupy the mddle third of the shde
fshould be of umform thicknesspshould
not have anv tails an&\:vhm viewed
under the microscope the red celly
should just touch one another and
there should not be any rouleaux
formation anywhere on the shde

Figure 122 shows a satisfactory
film but with tals and figure I2b
a good film wath a stras,ht lencocvtic
edge  They were drawn from above
downwards  Figure 13 shows the low
power view of a satsfactory leucocytic
edge  the leucocytes are actually dis
crete though the photograph scarcely
gnves thal impression )

The important pownts ate a per
fectly clean slide 32 good spreader
and Wdrop of blood of the night size
this last can only be gauged by tnat
and crror but compared with the size

Fic 12

@ )

of the drop required from a normal mdividual 1 larger drop will be required from
an anzmic patent'and a smallcr drop from one with polycythemia or leukemia
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(1) On covershps —Place a few clean coversips on a flat even surface
Proceeding as 1n (i) put a very small drop of blood on the centre of a covershp
place another clean covership of the same size on the top of the drop of blood n
such a way that the sides of the two coverships are not opposed (see figure 14) It

the two covershps are clean the blood will spread untformlv
between them Now draw apart the coversips quickly but
pa gently and dry them quickly by waving them i the air or

\ under an electrie fan
< > (B) FroM CAPILLARY BLOOD FROM THE FINGER
( OR FAR LOBE
o 14 Prick the finger or ear lobe fawrly deeply with a sharp

surgical needle or with a blood gun so that the blood flows
freely from the wound Apply the surface of a clean slide or
covershp to a small drop of blood and proceed as mn A () or (1)

Comparng the tuo methods

The method of choice 1 1n our opmion the shde smear  The advocates of the
covershp method claim that it 1s the only way to obtan an even distnbution of
cells and that consequently reliable differential counts can only be made from
coverslips  On the other hand 1t 1s much easter to make a good film on a shde
and 1f the whole drop of blood on the shide 1s utiized 1 making the smear and
this drop 1> 2 small one evamination of such a smear will give as reliable informa
tion as examming a coverslip smear the preparxtion of which demands considerable
dextenty

Stamng blood films

All blood smears should be stamned within 24 hours If the smears cannot be
stained immediately they must be fixed with methyl alcohol and stored 1n a dust
proof slide box for stammng at a hter date The unstained shdes must never be
left uncovered on the working table as blood 15 readily eaten by flies dunng the
day and by cochroaches at mght

Romanowshy stams are used for all blood work The most commonly used
stains arc those ongmnated by Lewshman Wright Jenner and Giemsa  All these
stans depend for their action on the compounds formed by the nteraction of
methylene blue and eosin and the differences between the various stamns arc due
to the proportion of the two stams  Excepting Giemsa s stan the fluid stans are
prepared by dissolving the dry powder 1n acetone free pure methyl aleohol so that
a prelminary fivation with methy ] alcohol 1s only required in the cace of Giemsa s
stain  Leshman s and Waght s stawns are used 1n the strength of 0I5 per cent
and Jenmer s stamn 1 the strength of 05 per cent
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Preparng Lesshman s 1Wnght s and Jenner s stmns

Stains 1n powder or tablet forms and extra pure acetone free methyl alcohol
for dissolving the stans should be obtaned from some relable firm Ve bue
found Gurr s* stams to be very satisfactory

All the ghissware used 1 prepanng the stains and 1n stoning them should be
scrupulously clean and free from anmy trace of water they should be rnsed first
with absolute alcohol and finally with a little methyl alcohol

~ Take the requisite amount of stam 1n powder or tablet form m 2 mall ylass
mortar  Measute out the requisite amount of methyl alcohol 1n a graduated glas
cyhinder  Pour out about z ¢ cm of methyl alcohol on the stamn and gnnd well to
make 1t mto a thin paste  Add n small quantities at a time about half the total
amount of methy! alcohol gnnding all the time  Carefully decant the supernatant
dissolved stain mto a clean glass stoppered bottte  Add more methy1 alcohol to
the undissolved stain grinding a3 before  Again decant the supernatant stan
mto the bottle continue the process untl all the methyl alcohol 15 used up  If
/ tns 15 properly done all the stan will go 1nto solution and no residue will be Teft
at the end  Inrubate the bottle with the stan at 37 C for 24 hours when it will
be readv for use

{A) STANING With LEtsian s YWRIGHT S OR JENNER S STAIN

Reagents a d appa atus requived

()} Prepared staim preferably 1n a drop bottle

() Distilled water (pH 70} or buffer soluticn with pH of 64 and male with actl
monopnta.sium phosphate and diodium phosphatet

( ) Fresh distilled water which 13 s1ghtly acd m reaction

() Stainng rack  Tlus €an be made with plasticine and a parr of glaw rod of equat
size and thickness and may be placed at one end of a sink atay from th water
tap or on a rectangular enamell d tray placed near a tap

Glass beakers cylnders a pair of forceps capillaty pipettes teats etc

Techmgque —Put the shides on the staming rack takin, care that the side with
the blood fitm 15 upwards alo see that the two ends of the shdes arc n the same
plane

From a drop bottle or with a pipette pour on sufficient stam to cover the
whole of the film wait for one mmute to allow for proger fiung  with a capillary
pipette now add distilled water (pH 68 to 70) or the buffer solution—the same
volume in the case of Leishman s and Wnghts stains but double the volume 1n the
ca e of Jeoners stains  With a capillary pipette or gla s rod thoroughly mix the
stan with the diluent to ensure a umform mxture over the film

Georg Te Gurr 136 New Kungs Road Lonnlon SW 6 England

1 Monopotass im_phosphate 663 gm
Anhydrous disod um pho nhat 256 gm
Distika y ater up to 1 litre
Add 1 cem of choloroform as presenvat ve.
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When the mixture 15 allowed to settle a scum will form on the top if the
proportion of the stain and diuent has been correct According to the depth of
stamng required allow the diluted stain to act for 5 to 10 munutes 1n the case of
Leishman s and Wnight s stains and 3 to 5 minutes 1n the case of Jenner s stan

The diluted or undiluted stains on the shdes must not be allowed to dry up
at any stage of the staming  Drying 1> prevented by covering the staming rack
with a wide bell jar or other improvised device*

Vhen the staming 15 complete hold one end of the shde firmly with a parr of
forceps and place the stamn flooded slide under a runming tap This will wash
off all the stam from the upper surface while the bottom 1s cleaned by rubbing it
well with the fingers of the left hand  The shde 15 now transferred to the beaker
containg fresh distilled water and gently shaken to and fro untl the colour of
the smear becomes famntly pink  Now take 1t out of the beaker wash agamn under
the tap and allow it to dry  In order to dry 1t without allowing dust to adhere to
the stained surface the sfide should be sloped agamnst a vertical surface eg a
wall or the side of 2 box with the film side mwards

When 1t 1s dry the shide 15 ready to be examined

{B) STAINING WITH GIEMSA S STAIN

Note —It 1s more difficult to prepare this stan and 1t 15 better fo purchase 1t
1 solution  Giemsa s stan as prepared by Gurr 1y very satisfactory

In stammng with Giemsa s stan prelummnary fixang with methyl alcohol or
some other fixing stain 1s absolutely necessary

Preparsng dilute solution

Take about 20 c cm of prepared distilled water {(pH 7 o) or buffer solation 1n
a clean transparent glass cylinder add 20 drops of undiluted stan or wn other
words as many drops of stamn as there are cubic centumetres of water Mix well
by mverting the cylinder and see that the depth of colour of the mixture 15
such that when held wn front of the eyes 1t allows a distant object to be seen
through 1t

(i) Place the shides to be stamed on a staming rack flood the slide with methy1
alcohol and cover with a bell jar so that the methy! alcohol does not dry up on the
slide Allow the methyl alcohol to act for about z minutes remove the bell jar
and thoroughly wash the shde wath dstilled water

Now flood the shde with the diluted stain cover with a bell jar and allow
the stam to act overmght Next mornmng wash and dry the shde as 10 A

Begal and Assam
recaytion will seldom be pecessary 1 hunud chmates € g of

(xoeptrll:: e hottest months but will be imperative 10 drer provinces in India and in
ther dry countues such as Iraq Egypt etc
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() Combined staming wuilk Leshsnan s Wnght s or Jenner s and Giemsa s —
This 1s done exactly 1n the same way as in A but substituting very dilute Giemsa s
stan (1 dropin 2 cem) as the diluent m plare of dntlled water or buffer
solution -

(1)) Combined stansng with May Grum.ald* and Giemsa —Pour on undiluted
May Grunwald s stamn just sufficient to cover the shde place a bell jar over the
stang rack allow the stain to act for 2 to 3 mnutes remove the bell jar and
add an equal amount of neutral distilled water (pH 7) Allow the diluted stam
to act for 5 to 70 minutes according to the depth of staimng desired wash thoroughly
with neutral distilled water and then flood the shide with dilute Giemsa s stam to
act for 15 to 30 minutes according to the depth of the staining desired and wash
and dry asin A

Methods used wn our laboratory

Tor all ordinary work Wright s staining method 18 used and for special work
e g examunng smears from the marrow counting the nuclear Jobes in Ameth and
Schiling counts combined May Grunwald and Giemsa s staiming are preferred
For with the combined May Grunwald and Giemsa s staiming all the component
parts of bath mature and immature red and whte cells are very well shown

10
‘WHITE CELL DIFFERENTIAL COUNT

When making a whate cell differenttal count on shdes one should attempt to
fulfil the following requitements —

(i) The whole drop of blood should be utihized m making the smear as if
only a portion of a large drop 15 used this portion may not contain
a fair sample of the cells (e g the large cells tend to sink to the bottom
of the drop)

(1) The film should be umformly spread and should be neither toa thin nor
too thick—the 1deal film 15 one where the margins of the red cells
when seen under the mucroscope just touch one another without
overlapping (vide p 43)

(wi) The film should occupy the middle two thirds of the shide

(1v) There should be no tails at the end of the film

(v) The cells should be stamed well and there should be no debris 1n hetween

or on the cells
A wellstamed film shows red cells—an orange buff colour lymphocytes—
with pale blue cytop! and 1 dull ilac

phil g

Thiz can be purchased in solution and is avaable from G T Girr (v s)
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Number of cells to be counted

This will vary directly with the total white cell count the higher the total
count the larger 1s the number of the cells that should be counted to get a correct
proportion of the different cells  The following rule may be taken as a guide but
need not be followed mgidly —

Count 100 cells when the total white count 15 below 5000 per ¢ mm

Count 200 cells when the total white count 15 above 5000 per ¢mm but
below 10 000 per c mm

Count 300 cells when the total white count 1s above 10 000 per ¢ mm but
below 20 000 per ¢ mm )

Count 400 cells when the total white count 13 above 20 000 per ¢ mm

The differential count should be done with an oil immersion lens (one twelith)
and a x5 eyeplece with ax To eyepiece at hand This magnification will enable
one to see the details of the cells distinctly but a higher magmfication given by
the 2 x 10 eyepiece may sometimes seem desirable € g 1 the case of doubt arsing
as to the true 1dentity of a cell In actual practice 1t will be found that one seldom
chariges the eyeprece

The microscope must be fitted with a mechanical stage that allows easy move
ment 1 esther the honzontal or the vertical plane  Northern daylight 1s preferable
to artificial hight as 1t shows the true colour of the different cells  If artificral hight
has to be used a blue filter should be placed 1 front of the hght 1self or under the
condenser of the microscope

Procedure —Place the stamned blood film on the mechamcal stage of the
microscope and fix 1t securely with the low power (two thirds objective) make 2
rapid survey of the different parts of the film to find out 1if the requrements
mentioned above are fulfilled If not st 15 recommended that another properly
made film should be stamed for to attempt to make a differential count on an
unsatisfactory blood film 1 laborious and wntating and the result obtamed »
never accurate

1f the blood film 15 satsfactery put a drop of cedar wood ol on the smear
rotate the oil immersion lens into position open the diaphragm fully and raise the
condenser to get the maximum amount of light With the coarse adjustment
lower the o1l 1mmerston lens Just to touch the stained film through the cedar wood
ol then looking into the microscope gently raise the lens until the cells are seen
and finally mampulate the fine adjustment until the focus 1s accurate

The distubution of the white cells n the different portions of the blood films
depends on their size  the larger andvheavier cells € g neutrophils eosinophils and
large mononuclears are mostly found along the edges and at the tail end of a
smear while the smaller and the highter cells e g the lymphocytes tend to occupy
the rmddle of the film

Therefore 1 order to get an absolutely correct differential count every cell
1n the blood smear on the shide or on both the covershps used m making the smear
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1f the covershp method 1s nsed must be counted and classified and the percentage
caleulated  This takes a long tme particularly 1f the smear 15 a large one 1t 15
therefore advisable to make as small a smear as possible

A smear 15 made from a small drop of blood and one of the methods suggested
below 1s adopted  From neither of these mmethods will the error be very great

v

Counting the cells

Method A (This 1s the method of chosce) Start counting at a pomt A
near the prouumal end of the smear and along one edge moving the shde long
tudmally counting and classt
fying the cells all the time up
to B which 15 beyond the end
of the film move the shde the
breadth of one or two fields to
B and agamn move back along
the whole length of the film to
C which 15 beyond the prox1
mal end of the film move
across to C and then back
agam up and down the film
Continue to do this untll about the middle of the film 1s reached or untl a suffi
cient number of cells has been counted but always end the counting at the end
of the filin (vide figure 15)

By this procedure you will have included cne edge and one or t\\o Tows of
fields from the rest of the film The majonity of the heavy cells are drawn to the
distal end and only a few to the sides so that the dicrepancy will not be great
if after counting one edge you count a little mare or a bttle less of the rest of the
film On the other hand 1t 1» 1mportant to fimsh at the end so that you will
have covered an even proportion of body and tail of the film  For this reason an
exact fioure should not be aimed at but the pomnt of stopping like the point of
starting should be at one end of the film The percentages of the different cells
are then calculated

Fic 15

ExampJe —Suppose that mzkmg a differental white cell count of a blood ﬁlm them

are 141 12 ytes and 9
225 cells altogether the “percentage of the differeat celle are calculaml as
follows —
Neutrophuls «MIXI00 616 or 627 per cent
275

Lymphocytes  =83X100 _.g4
225

Monocytes

=12X1%0 _s30r53
225

Eosinophils aX100 .,
35
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Method B Four field meander lechmgue —Though this method 1s recom
mended 1n most textbooks we consider that 1t allows greater scope for mdividual
vanation mn procedere and we prefer the previous method the method 1s as
follows —

From a pont at the edge of the film move towards the centre of the film for
about four fields then using the other mechamcal <tage adjustment move
about four fields towards the
proximal end of the film then
back towards and beyond the
edge move a few fields
towards the proximal end and
repeat the process untl 50
cells have been counted and
classified  This process should
be repeated 1 four different

. places at the edge of the film
on either side and near each end of the film (vide figure 16)

Recording the resulis

Except 1n cases of leakiemia and some rare pathological conditions  the types of
white cell that are usually seen i the differential count of a peripheral blood film
are neutrophils lymphocytes monncytes eosinophils and basophils i the order
of frequency mn which they are encountered  As the shide 15 moved from one field
of vision to another the exammer must record both the total number and also the
types of cell encountered

This mav be done 1n different ways —

T The uual method 15 to whte down on a piece of paper the names of the
cells mn the order of frequency i which they usually occur in the peripheral blood
and to put a vertical stroke aganst each name as that cell 1s seen mn the field of
umton makang the fifth stroke cross the other four so that the strohes are in groups
of five and easily counted (vide example 1) When all the cells 1n the film or 11 the
case of a large film 1n the 1rea decided upon have been counted thev are totalled
and the percentage calculated -

Evample 1 —

A N— L K
m
L -

M —
E -/ =
8- =
II  Another method 1s to memonze the numbers of the two mam cell types
untit one of the other typesis encountered then to enter the count on your prepared

st and begin agam (vide example 2)

Iz4
w 68
N =32

]

2R
2R
237
T 32

v

~ o ow
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The numbers agamst each type are added and the percentages calculated
Example 2 —

Total Percentage
Neutrophils Jo 12 14 17 20 4 10 Y4 t 20 Yo I3 =680
Lymphocytes 4 3 5 8 5 1 8 4 110 2 ST=1263
Monocytes 111 o P 1 7= 36
Eosigophuls T x x 1s
Basophils x 1= o5

IIT A quicker method which can be learnt with a little practice 15 to
remember the numbers of the different types of cell mn the traditional sequence
neutropll lymphocytes monocytes eosinophil and basophil until 25 cells have
been counted the number of each type counted 1s entered aganst the respective
name on a prece of paper and when the required number of cells have been counted
they are totalled and the percentages calculated (wide example 3)

Eva iple 3—

-

Total Percentage
Neutrophils 18 17 10 14 16 14 2 11 120 600
Lymphocytes 6 5 12 8 7 9 4 © 60 = 300
Monocytes e 3 2 1 2 1 1 1 3~ 65
Eosinophils r o 1 1 o 1 o 2 6= 30
Basophil @ o o 1 o o o a 1= o5

200

Method I 15 simple and fool proof but slow method IT 15 also sumple and saves
the repeated 1nterruptions of method I method III is very popular but tends to
make one stop at a round number and thereby simphfy the caleulation which 15 2
procedure not 1n the best interests of accurate countings

In methods T and II theoretically one has to stop periodically and add up
all the figures to see if sufficient cells have been counted but this can be obwviated
by the use of a mechanical counter eg the Veeder Root hand tally The
counter fits nicely mto the hollow of the palm and 1s conventently kept i the left
hand  The knob 15 pressed with the thumb cach time that 2 cell 15 seen and’the
numbers are at once recorded on the dial The total number of cells counted at
any time during the process of the differential count can be seen by simply looking
at the dial of the counter

N

-
Expressing the results

It 1s customary to express the result 1n the winte cell differential count as a
percentage of the various cells encountered without any teference to the total white

cell count This does mot always convey the full significance of the observation
and both percentage and absolute figures should be given
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The absolute figures are readily obtained by strking out the last two zeros
of the total leucocyte count or moving the decimal pomt back two spaces and
multiplymg each percentage by this figure as m the example given below —

Example —(A fauly normal count)

Total white cell count—y 500 per ¢ mm -

Drfferential white cell counto

Total

Per cent per ¢ mm
Neutrophils 630 5 100
Lymphocytes 240 1 800
Monocytes 50 375
Eosinophils 25 187
Basophils ¥ 37

Now 1f the patient were to tahe some toxic drug which reduced the
granulocytes to a low figure say to 540 per cmm but did not affect the other
leucocytes the total count would now be 2 700 per ¢ mm and the percentages—

Total
Per cent  per ¢ mm
Neutrophils 19 513
Lymphocytes 67 T 809
Monccytes 13 381
Eosinophils 1 27
Basophils o °

In this count the attention 1s attracted by the hugh lymphocyte and monocy te
percentages whereas actually these cell elements are normal and all that has
happened 1s a decrease 1n neutrophils

Again 1n some conditions eg asthma cosmophific lung 1diopathic eosino
philia etc  the percentage of eosinophils may be very high considerably reducing
the percentage of other cell elements

Example

Total white eell count—z5 000 per ¢ mm

Differential white cell count—

Total
Per cent  per ¢ mm
Neutrophils 30 7 500
Lymphocytes 8 2 000
Monocytes 5 37%
Eosmophts 6o 15 000
Basophils o3 135
In this example though the high eosmophil count 1s apparent a wrong
mpression about the values of phils 1ymphocytes and ytes which are

of the normal order s hable to be made from the percentage figures only
Therefore a differential count should always be given 1n absolute figures as
well as 1n percentages
Noymal white cell connts —The normal leucocyte count in an adult 15 usually
grven as 7 000 to g 000 per ¢ mm A table (IX) showing the normal white cell
counts n different populations 1s given
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The absolute figures are readily obtamed by strkimg out the last fwo zeros
of the total lencocyte count or moving the decumal point back two spaces and
multiplyng each percentage by this figure as m the example gtven below —

Evample —(A fanrly normal count)

Total white cell count—y 500 per ¢ mm -

Differential whte cell count—

Total

Per cent per ¢ mm
Neutrophils 680 5 100
Lymphocytes 240 1 800
Monocytes 50 375
Eosinophils 25 187
Basophils o5 37

Now 1f the patient were fo take some fovic drug which reduced the
granulocytes to a Jow figure say fo 540 per cmm but &id not affect the other
leucocytes the total count would now be 2700 per ¢ mm and the percentages—

Total

Per cent per ¢ mm
Neutrophils 19 513
Lymphocytes 67 1 809
Monocytes 13 35¢
Eosmophils T 27
Basophils © o

In this count the attention 1s attracted by the gh lymphocyte and monocyte
percentages whereas actually these cell elements are normal and all that has
happened 1s a decrease 12 neutrophils

Agamn n some condihons e g asthma ecounophilic lung 1diopathic eosmo
philia etc  the percentage of eosinophtls may be very high considerably reducing
the percentage of other cell elements

Example

Total white cell count—25 000 per ¢ mm

Differentsal white cell count—

Total

Per cent  per cmm
Neutrophils 30 7 500
Lymphocytes 8 2 000
Monocytes 15 378
Eostnophuls o 15 000
Basophls o5 125

In this example though the high eosinophil count 1s apparent a wrong
mpression about the values of neutrophils Iy mphocytes and monocytes which are
of the normal order 1s liable to be made from the percentage figures only

Therefore a differential count should always be given 1n absolute figures as
well as 1n percentages

Normal whte cell connts —The normal leucocyte count 1n an adult 15 usually
given as 7 000 to 9 000 per ¢ mm A table (IX) showmg the normal white cell
counts m different populations 1s gven
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It will be noted that 1n Indnn the monocyte counts arc above the usual
normal figure for Europeans and Americans the cosinophil figures are also high
compared with Eurcpean and American standards

10
CELL IDENTIFICATION

.

The first essental for accurate 1dentification of the cells of the blood or marrow

15 2 Sahsfactory and properly stained blood film A well stained film should hows

no precipitate on or between the cells the red cells should stamn an orange buff

the neutrophil granules a dull shade of hlac and i the monocyte the so-called
azurophil granules should just be visibl ith any of the Rom ky stains

The following system 15 1 ded for the 1 ion of different cells

_ Granules ~First ascertan whether the cytoplasm of the cells contamns any
granules or mot If there are granules decide whether the granules are neutro
philic eosmophilic or basophihic

Neutrophsl granules are small umform mn size uncountably numerous but
disrrete and «famn a dulf shade of hlac

Eostnophil granules are large round uniform n size and stan orange red
with pale centres occasionally eosinophit granules take on a bluih stain even
a well stamned speamen while m a badly stained one all may be blush The
hi are not so nor so discrete as neutrophil granules

phgl

Basophil granules vary considerably 1n size in the same gell, they stan 2 dark
blue violet colour which 1 entirely different from the colour of the nucleus they
are always coarser and fewer 1n number than the neutrophit or eosinophil granyles
The granules are always found superimposed on the nucleus as well as in the

cytoplasm

Besides these specific granules the presence of which charactenzes the cells
of the grapular series some cells of the non granular senes eg monocytes and
tymphocytes may show some stained particles 1n the cytoplasm of the cells which
have been called azurophil granules  These azurophul parhicles are of the same
colour as the nucleus of the cell in which they occur but may be paler brighter
or darker They vary in size 1n depth of staming and 1n number  In the lympho
cytes the particles are few 1n number they are large coarse and darkly stamned
and occur m small groups m the cytoplasm while the particles m the monocytes
are more numerous paler and finer and are more evenly distnbuted mn the

cytoplasm
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Having noted ~whether granules are present or not and i present the nature
of the granules employ the follawing tables for the further :dentification of the
cells

Table \ gives the cells of the non granular series and Table \I those of the
granular senes

The cells of the grinular senes all ongmate from the primary differentiated
cell of that senes the myeloblast They are arranged 1n the table in order of
maturatron

The mature neutrophd eosmophil and basophul have their specific precursors
m the earlier cells of the senes and these can be dishngunhed by the size and
colour of their granules (v s) there are thus reutrophil eosinophil and basophn
of each developmental stage pre myelocytes meta myelocytes and taff cells

Table A1l 1sa supplementary table to aid 1n the idenhfication of prnmary
differentiated cells which are already shown m Table \

The pownts of difference i the morphology of the different prumary cell. are
very fine and at times 1t 1s almost impossible to distinguish one from the other
In cases of leukerua or anemta the identification of an dividual cell has often
to be made not on the cell alone but on the charactenstics displayed by other
associated cells 1 other words the cell 1 judged by the company it heeps

Table NII1 s also supplementary It gives the nucleated cells of the red cell
senes

The development of blood cells

e do not propose to discuss the ongin of the cells found 1 the blood stream
for it 15 a controversial field 1 which umtamans  dualsts and tmabsts  of the
mpnophyletic and polyphyletic school argue with one another to the confusion
of the practical hzmatologist Ve are only concerned with the cells already
differentiated the immediate precursors of the normal and abnormal cells of the
peripheral circulation

It1 however mpossible to 2avoid controversy altogether as this 1» mbmately

d with 1 which 15 ly our domain for at present much
confuston 18 the literature 15 due to different wniters adopting dufferent names for
the same cell and the same name for different cells

We have followed Israel (1039} m using the term  Pro-erythaoblast for the
earhest differentiated percursor of both normal and abnormal red cells and have
used the expression megaloblast for the cell that are encountered in Addison's
permcious anema and m other macrocytic anemas

With reference to the other cells we have taken the view that the granulocytes
Iymphocytes monocytes plasma cell and platelets have each a separate differen
tiated precursot cell and (ollomng the usual practice we have called these myelo
blast ly 7 and megakaryocyte respectively
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It will be noted that m Indian the monocyte counts are above the wsual
normal figure for Europeans and Amencans the eosinophul figures are also high
compared with European and Amencan standards

10
CELL IDENTIFICATION

The first essential for accurate 1dentification of the cells of the blood or marrow
1s a satisfactory and properly stamed blood film A well stamed film should how
o precipitate on or between the cells the red cells should stam an orange buff
the neutroplil granules a dull shade of lilac ant 1n the monocyte the so called
azurophil granules should just be vistble—with any of the Romanowsky stains

The following system 1s recommended for the 1dentification of different cells

. Granules —First ascertain whether the cytoplasm of the cells contains any
granules or not If there are granules decide whether the granules are neutro
philic eosmophilic or basophilic

Neutrophl granules are small uniform m size unc;nmtably numerous but
discrete and stan a dull shade of hilac

Eosinophil granules are large round uniform mn size and stam orange red
with pale centres occasionally eosmophil granules take on a bluish stamn even m
a well stamed specimen while m a badly staned one all may be blmsh The
eosmophil granules are not so numerous nor so discrete as neutrophil granules

Basophul granules vary considerably 1n size 1n the same cell they stain a dark
blue violet colour which 1s entirely different from the colour of the nucleus they
are always coarser and fewer in number than the neutrophil or eosinophil granules
The granules are always found superimposed on the nuclens as well as i the
cytoplasm

Besides these specific granules the presence of which charactenzes the cells
of the granular series some cells of the non granular series ¢ g monocytes and
Iymphocytes may show some stamed particles m the cytoplasm of the cells which
have been called azurephd granules  These azurophil particles are of the same
colour as the nucleus of the cell m which they occur but may be paler brighter
or darker They vary 1 size i depth of staimng and 1n number  In the lympho
cytes the particles are few m number they are large coarse and darkly stamed
and occur n small groups i the cytoplasm while the particles in the monocy tes
are more humerous paler and finer and are more evenly distributed iy the

cytoplasm
P
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Explanation of Plate No I

1 gelodlasts (nuclok have not been reproduc d)

la  Premyelocytes showing fine granules the fou th eell an eo wmophtl precurso
13 slightly more mature than the rest

Ib_ Myelocytes the cells 1n the upper are less mature than those 1 the loner row

™ ihe first three an each row are neutrophils and the In t tno cos noph Is

Io Metemyelocytes the la t two (Ie1) are eo mophils

14 Siaff or band forms the last two are eosinopluls (I1 ) (Tle gramales &
Lust cell have mot been well reproduced)

e Aature granulocyles the first three are neutroph Is and tle last ti o eo mophil

Ib(mn) Ic(13) and Ie( 1) Dasoplds myelocyte m tamyel vte and matur
1he shape of the nu leus 19 the only feature on 1 tich the immature form
are wentifie] In the ongmal lraning the shapes of the mucles were Just
Qis ermble but 1 the reproduction they are obs ured

LI Mongblasts the lower two shoving Auers bod es

Ula  Tremonocytes

111b  Momocytes the se onl cell mn the top row maght be ela ed s a premonacyt
but tle azure particles are well develorel (There lould Fe more blue
colour n the eytoplam of thews eells)

VI Megakaryocyte these cells are often proportionately mu h b gger than the on
shown

VIa Platelets

Magmtieation about X 1000
$tr mng—May G un ald and G emsa
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Piate No I

Eaglinat noof T te No it

It Lymploblasts

a Targe tympn cytes sith azure J et Lo

W Mature (mall) fv gl eufe  de firt gt ozm
farh e

\ (above) Iregls macyte {Turke vell }
Y (tel w) FI ama cells

{The elamet nt truts of e 11lu nth
cell of tle ) m cell serie 1 ot vers lear i ny £t
celt Tlere heu)lt nor llve colow i tle et gl
of thew o 10§

Left lo er commer Cresitlue tanng
Frythrocytes reticulo ytes platclefs

Magmfic t1 n abaut X 1000

Stam rgoMay Gip vall ani G ma  evet
BU s oan the Yeft Juve comer n wl b oall ve el u
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PLATE No II
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n Tr0eiythr blast INd Abnornal Frytirocrte

Tiar  Sormoblast A (fir t threo <ol ) {2) tel cell 8l wing Howell

Tl \ormoblet B (firt tlree cell ) Jalls bols

IV Nermoblast C (firt four cell ) {15} Red eelt showing Cabots

IV Megatoblost A (Lat tvo el ) rings

s Wegaloviast B (ur) Porhslonste

IVhin Megaloblast € » {1v) Rel cell witl at prlag

IV hefiewdacytes

Srupmeadfay Crum afl and  Ciemed except  figure n s IVe sl
are stamned fir t with ere ¥l Hur an® then wath Wngzft stun [Vile §f 22 method
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CELL IDENTIFICATION Gx

Red cells —Normally the red cells onginate intravascularly from the endothe
1n1l cells of the sinusoidal spaces and capillaries of the bone marfow  The first
differentiated cell 15 the pro erythroblast  As development proceeds the pra-ery
throblast passes through the different stages of normoblast and rehculocyte to
dsvelop 1nto the mature erythroeyte (tide schema p 60} In the process of matu
sation the nucleus Joses its nucleol: very easly so that these are not seen in the
normoblast A the nucleus alo loses 1ts reticular structure and becomes gradmily
coarser and coarser as development proceeds until in the normoblast C 1t becomes
completely pycnotic after this the nucleus 1» lost {by fragmentation or extrusion)
and the erythrocyte becomes fully mature The reticulocyte 1s a stage between
the notmoblast C and the fully mature ved cell but the retwculations are not seen
a Romanowsky stained film

In pathological condition as 1n cases of macfocytic anzmuas some of the
pro erythroblasts nstead of dcveloping into normoblasts develop inte megalo
blasts which passmg through the different stages mature into megalocytes
Nucleoh are mot seen even i the earhest megaloblasts megaloblast A In
the earher cells loblast A and b B the nudeus has a
charactenstic open network of the chromatm which 15 not een i the later stages
megaloblast C

Granulocytes —The granular cells develop extravascularly from the rety ulo
endothelal cell of the bone marrow The earhest differentiated cell 15 the
myeloblast

The first evidence of maturation of the myeloblast 15 the appearance of granules
in the cytoplasm At first the granules are very fine and few as i the pre
myelocytes but gradually they become more numerous and coarser ind are
coarsest at the myelacytic stage after which the granules again become finer and
less numerous as development proceeds In the fully developed neutropil
polymorphonndear cells the gmnules are very fme and numercus The cells can
be as phil and basophil according to the colour
and size of therr respechve granules \vnh difficulty at the pre myelocyte stage
but qaite easily from the myelocyte stage opward

In the process of desclopment the rucleus loses uts nucieolt thesc are 1l
defined 10 the pre myelocyte and are almost always absent from the myelocyie
stage onwards The chromatin structn ¢ of the nuclens which 1s finely reticular
in the myeloblast becomes coirser and more condensed as development proceeds
and 15 very dense at the later stages this condensation makes the nucleus smaller
The shape of the nucleus too changes from round or oval at the earlier myeloblast
pre myeloryte and myelocyte stages to kidney or bean shape at the meta myelo
cyte stage and then 1t becomes elongated in the staff and finally lobulated i the
segmented forms

The cytopla m which 1 blue and canty in the myeloblast foses s eolour
gradually and becomes more abundant as development proteeds—in the later

tages the cyfoplasm 15 hardly visible as 1t 1s covered by the granales
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Red cells——Normally the red cells onigmate intravascularly from the endo he
1l cells of the sinusordal spaces and capillanes of the bone murrow  The first
differentiated cell 15 the pro erythroblast As development proceeds the pro ery
throblast passes throngh the different stages of normoblast and reticulocyte to
dsvelop mto the mature erythrocyte (tide schema p 60} In the process of matu
ration the nucleas lo<es its nucleol: very early so that these are not seen m the
normoblast A the nuclen al-o loses its rehicular structure and becomes gradually
coarser and coarser as development proceeds until 1n the normoblast C 1t becomes
completely pycnotic  after this the nucleus 1 lost {by fragmentation or extruston)
and the erythrocyte becomes fully mature The reticulocyte 1 a stage between
the normoblast C and the fully mature red cell but the reticulations are not seen in
a Romanowsky stamed film

In pathological conditions as 1n ca es of macrocytic anxmias some of the
pro-erythroblasts imnstead of developing into normoblasts deselop nte megalo
blists which passing through the different stages mature into megilocytes
\ucleolt are not <een esen 1 the earlie t megaloblasts megaloblast A In
the earher cells megaloblast A and megaloblast B the nucless has a
characteristic open network of the chromatin which 1s not seen m the later stages
megaloblast C

Granulocytes —The granular cells develop extravascularly from the retrulo
endothehal cells of the bone marrow The earhest differentrated cell 15 the
myeloblast

The first es1dence of maturahon of the my eloblast 1s the appearance of granules
i the cytoplasm At first the granules are very fine and few as in the pre
myelocytes but gradually they become more numerous and coarser and are
coarsest at the myelocytic stage after which the granules agamn become finer and
less numerous as development proceeds In the fully developed neutrophil
polymorphonuclear cells the granules are very fine and numercus The cells can
be differentrated as neutropbil eo mophil and basophil according to the colour
and size of their re pective granules with difficulty at the pre myelocyte stage
but quite easily from the myelocyte stage onwards

In the process of development the rucleu loses its nucleolt these are il
defined m the pre myelocyte and are almost always ab ent from the myelocyte
stage onwards The chromatin structu e of the nucleus which 1s finely reticular
1 the myeloblast becomes coarser and more condensed as development proceed
and 1s very dense at the later staes this condensation makes the bucleus smaller
The shape of the nucleus too changes from round or oval at the earlier myeloblast
pre myelocyte and myelocyte stages to kidney or bean shape at the meta myelo
cyte stage and then 1t becomes elongated in the staff and finally lobulated m the
segmented forms

The cytopla m which 1s blue and canty m the myeloblast Jo es 1ts colour
gradually and becomes more abundant as development proceeds—in the later

tages the cytoplasm 35 hardly visible as 1t 1s covered by the granules
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Uonocytes —The monocytes ongimate from the reticulum all over the body
but particularly from that in the spleen The first differentiated cell 15 the
monoblast 1t proceeds through the stag of the pre monocvte to the stage of
fully developed te  As development p ds the nuclens loses 1ts nucleoh
and the fine reticular structure becomes coarser and very fine and numerous azurc
particles appear m the cytoplasm of a fully developed monocyte The nucleus
which 15 round or oval m the bla + b <lightly d 10 the pre
monocyte and may take on vatous shipes m the mature monocytes (We have
made no attempt to differentate betwern monocytes and histiocy tes  this can
anly be done by a supra vital staiming process which we are not describing here
Some of the large mononuclear cells 10 the peripheral blood are undoubtedly
istiocytes who e origin 1s probably different from that of the monocytes )

Lamphacyles

The lymphocytes onginate maimnly from the lymphatic tissue of the lymph
glands all over the body and to a small extent from the lymphoid tissue 17 the
marrow  The first differenttated cell 15 the lymphoblast which proceeds througa
the stage of large lymphocyte to the fully developed (small) lymphocyte

In the process of development the mucleus loses the nucleoli the fine chromatn
structure becomes coarser and finally 1n the mature cells 1t 1 pycnotic The
cytoplasm which 15 definitely blue i the lymphoblast becomes hghter in colour as
development proceeds but 15 always trirsparent In some of the cells a few
coarse wregularly scattered azure particles mav be seen

12
TECHNIQUE OF STERNAL PUNCTURE

Bone puncture as an ald to accurate diagnosts of blood diseases and to the
study of their mtiology has only come into general use during the last few years
the man reason for this was that the methods used for obtaming matenal from the
bones were comparatively difficult and usually panful unless anzsthetic was
gren before the Salah sternal puncture needle was introduced  Ths handy and
mexpensive mstrument 15 now used widely not only hematological work bat
m the diagnosis of Kala azar and other protozoal and bacterial disea es We have
used this needle for about four years and have adopted sternal puncture as a routne
procedure 1n all cases of aneria

The semor writer described this technique 1n a paper wrtten in co operation
with Dr P C Sen Gupta* {Naprer and Sen Gupta 1¢38) since then as a result
of further experience certain modifications 1 techmque have been mtr(lzjdgced
and these are wcorporated m this description but the tcchnique described 1o
materially the same as that gnen 1n the above mentioned paper

With whose kuid permis.ion the fignres from this paper have been reproduced
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Apparatus required

{)) The sternal puncture needle

{+) Two Record synnges 2z ccm

() A parr of scissors and a shaving set

(1) Two per cent soluton of navocane or any of its substitutes

cent solution p odues gnod an. sth 11)

{v) Absolute alcohot and ether

{vi) Collodion or tinctare of beazown
(¢1) Cotton wool etc

[Punment 4 per

The needle 1 dry sterilized 1n 2 hot air sterilizer 1n a test tube  The synnge
18 stenlized by boling and then dned thoroughly by first driving out water with
aleohol and later alcohol with ether and finally by drawing in and expelling hot
air (through the flame of 2 gas burner or pinit lamp)

The sternal puncture needle

The Salah needle used for sternal punctare 1s shown {fignrg 17) It 1 made of
Tustless steel and the bore 15 about the sme as that of a lumbar puncture needle
The guard C on
the needle can be
moved so as to
adjust the depth
of the puncture
Usually the guard
has to be fixed at a
distance of 1 to 15
cm from the tip 1
order that the mar Tio 17 ——-‘(eedle B with stylet A remo &  muv bl

ard C (actual size)
row may be reach
ed This distance will vary with the (hlcknes; of the skin and subcutaneou t ue
of the thoracic wall 1 fat mdniduals as much as 2 cm may he required and
m very emaciated ones less than 1 cm It may be found advisable to readju t
the guard after the needle has reached the perosteum before 1t 15 pushed through
the puter plate into the marrow cavity  The stylet A 1s kept in while the puncture
1> being made and » withdrawn after the cavity 1s reached

Procedure

The hair over the sternum f there 15 any 1 first chpped with a parr of
scissors shaved with a razor and the skin finally cleaned thoroughly with alcohol
The best site for the puncture 1 Just to on side of the middle hne at the level of
the second intercostal space  This area 1s first anzesthetized by infiltration with a
2 per cent solution of novocame or its ub hitute

Some solution 15 first injected into the skin with a fine needle attached to a
2c¢ cm synnge then the needle 15 pushcd down to the periosteun and the rest of
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Fro 38 -~Needle so postion after the marrow cavity has been peaetrated

the solution wjected  About 1 cem 15 usually sufficient m a thin wmdnadual but
more 15 tequired where the subcutaneous tissue ps desper  After am snterval of 5
to 1o minutes the actual puncture s made

The apparatus 15 held with the knob of the stylet m the palm of the hand and
the needle itself between the thumb and ndex finger the latter on the guard C of
the needle  Pressure 15 appled and the shin and subcutaneous tssuey are prerced
a rofatory mos ement will then faciitate puncture of the cuter plate of the sternum
{figure 18) As the external plate of the sternum 15 prerced and the marrow cavity 1
entered there 1s a sensation of loss of ressslance Just as s felt on entering the spinal
canal duning lumbar puncture  The stylet 1s now tahen out a z<eom Record
syrnge s attached to the end of the needle and the marrow blood 15 aspwated
When the flusd 1s aspirated the patient feels a dragging pawn {figure 19).which 1
a gmde as to whether the needle 13 in the marrow cavity or not  Abost 0 5 cem
of marrow (sinusosdal) blood 15 retoved and the syringe and the sternal puncture
needle are withdranr  digital pre sute . apphed over the puncture for a muoule
or tho and ihe puncture 15 sealed with collodion  The needle 15 detached from
the syringe and the latter 15 imerted several times so as to mux the contents
thoroughly then small drops are placed on clean shdes and smears are made
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(wdep 43) The rest of the fluid 1s put into an oxalate tube for total nucleate 1
cell count

Only very rarely will onc ful to obtain blood The conumnonest error 1s to
ful to allow a sufficient length of needle In this case the gunrd must be adjusted
shehtly the styvlet replaced and the needle pushed m 4 httle deeper Ocea
sionally the needle goes too deeply and has to be withdrawn sl htly before
blood will come Our only complite fallure was m 4 case of leuhemia and
1n none of our cases of leukemin has the blood eome freely as the marrow 13
picked with cells m such eases

Fic 19._The stylet Tas he n removed and nu o Jal bloot s being drawn nto a Record
svnng. usoally the only painful part of the operation

Not more than 0 > em of Bond 15 aspirated because 1f more1sdrawn there
13 a probability that the negative pressure 1 the marrow easity will draw blood
from the vessels in the locahty and thus dilute the sinusordal blood It 1s prob
ably mposaible entirels to prevent this ocenrrin,, therefore a constant amour ¢
of blood 13 drawn to obviate gross differences m the degree of di utron mn the
samples taken from different persons  The syrin_e s wnverted several times 1o
order that the contents may be mixed thoroughly This 15 necessary beeause the
fluid that comes out at the beginnin., 1s not the same as re,ards cellular content
a3 the fluid that comes out towards the end of the aspiration *

V le Ann Fep Calcutta § hocl of Trop Med for 1933
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Ezammation of material

(1) Fxammation of the stuned smears —

The sternal puncture smears are best stamed with comlned May Grunwald
and Giemsa stammmg  this shows the nuclear details very clently  Paihing thi
satisfactory results for ordinarv wotk may be obtamed by stuming wita
Leishmans or Wright s stamn (vide p 45)

An accurate difierential count of the different nucleated cells 1s made by
eounting 500 or more nucleated cells from different parts of a well stuncd
smear The eriterin on which the different cells are 1dentified are given ahove

(2) The onalated speesmen 15 exammed for ennmeration of total nucleated
cells (nde p 20)

(3) The oxalated specmten may also be exammed for estimation of hemo
globm (vide p 3), enumeration of red cell (r:de p 13) and estination o
reticuloey te percentage (vtde p 21) 1f the informations are 1equired for any

special purpose
.

IDiscussion

The material which 1s obtained by this procedure 1 netther peripheral blood
{obviously) nor bone marrow but 1s blood from both the patent and the closed
dal spaces in the hxmopoietic tissue of the hone marrow, ;n which are mr<
ed a few cells detached from the walls of these sinuses by the mtruding needle
or by the act of aspiration The extent to which the detached tissue eells are add
ed tothe sinusordal blood probably v aries with each punciure and constitutes th
weahness of the procedure from the pomnt of view of obtaiming a true and unvary
mg pieture of bone marrow hamopoietic actinity However the extreme vara
t10ns m a s;mgle subject that have been reported by some worhers and the differ
ences m the normals given by difterent workers ean probably to some extent be
accounted for by variations or defects mn the technique employed e g by the fail
ure to remove 2 small and constant amount of blood by failure to mux the blood
before making smears or by mal g connts from one part of the blood film only
Zanaty (1937) has pointed out fhat wide variatrons mav exist i the total
nuecleated cell counts and that from these counts httle xdea of the zetity of
the bone matrow can be obtammed but from our experience of sternal puncture
we believe that there 15 gencrally a distmet correlation hetween hamopoietie
activity and the total nucleated cell count though this mav on oceasions he
misleading
Both the hemoglobm and red cell count are <h, htly lower and retieuloes te
count shightly hgher m the smusoidal blood than 1n the venous blood but these
eshimations are of little practieal value

Normal standards
It s nseful to know what proportions of the yarious cells one mav expect o
find 1 a sternal puncture  The data grven by various wrifers are diffieult to
correlate bectuse they have adopted different methods of elassifieation and
different nomenclatures ind we prefer to quote only our own findings



TECHNIQUE OF STERNAL PUNCIURE 67

The data given 1n Tables NIV and \\ are from two sources —
(@) First senes 10 normal individuals males 2 ccm of flud taken
{b) Second <ernes 53 subjects wnfected with filanasis o5 cem of fAmd
taken

We have quoted the latter seres because we believe that they represent the
findiags in normal individuals very clos 5 and because it 1s not easy to persuade
50 perfectly healthy mdividual to under,0 a sternal puncture  One might expect
them to duffer from the normal 1n the matter of the eostnophil cells but n actual
fact the percentage 15 lower than in the first normal series  The matenal differences
that will be noted between the two series are almost certamly due mamly to the
fact that 1 the <econd senes we took a smaller amount of fimid and that there was
consequenfly less dilution by systemic blood

The main discrepancies are the higher total nucleated cell count w the second
<eries_higher than the normal figure u.mally quoted a lower myeloid, nucleated
red-cell ratio—also lower than the usual normal figure a hiher lvmphocyte per
centage and a higher maximum figure for most of the cells_which may be due
to the larger number of subjects involied in the cecond senes

For the findings of other workers reference hould be made to Zanaty (loc et )
and Scott (1939)

TasLe \IV
Sternal puncture  nomal data

]
FIRST SERIES SECOND  SERIE

Sean | Saderd | yean ! Jandard
— - | |
Hamoglobin 1 gemmes per 100 € em | 1343 £ 003
Red c lis per ¢ mm m mallions $00 + o040 ‘
R ticu ocytes—percentage of red cells o7s + 039

Total nucl atel cells per € mr1 53500 | + 26500 [ 1ir68 | & €483z

Nucleated red cells—percentage of total

nucteated  cells 2575 £ 407 | 27606 | & 1174f
|

Leucocytes—percentag  Of tota maceated |

cells =~ 7425 £ 407 724
Cranul <yt s—percentage of total nu leat

ed cellv 64 40 £ 510} 5y529 | & 1143t
Non granular 1 ncocytes—percentage  of

total ] ucocytes 985 + 243 ) 1783 £6 79
Mv lo11/nucleated red-cell rati 250 1975

We seldom adentiy cell as lymphoblasts or monoblasts excipt 1n cases of
levkzmia but myeloblasts are occasionally found and appear m most of our
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counts forming 01 to 02 per cent of the nucleated cells  In a properly drawn
and well staned smear there are very few dwmtegriting cells and practically
all the nucleated cells setn can be dentified 1n a highly actine marrow  however
there are some cells which show mitotic diusion and are difficult to identify
pmperly/

13
THE ARNETH AND SCHILLING COUNTS

Ameth (1904) divided the neutrophil polymorphonuclears into five mam classes
according to the numbcr of segments m the mudler which m their turn were classt
fied 1nto vanous groups according to the shape of the lobes  Under the orgnal
classification the count was very compheated and had only humted application
general practice Cooke and Ponder {1927) modified and simplified the Atmeth
count taking mto account only the five original basic divisions of the Arneth count
without going nto the mtricate  ubdiva 1ons of Ameth

Schiling devi ed a method 1n which the differential leucocyte count and a
simple nuclear lobe count of the neutrophils were wcorporated and constdered
the form of a hwemogram

Apparatus required (vide p ¢ et seq)

Smears —Smears for the Arneth and Schilling counts should be very thin and
uniformly spread they should be dn d quickly by bemg waved to and fro or
held under a fan (vide p 43)

Stasmng —Combined staimng with May Grunwald and Gtemsa stains gives
the most satisfactory result—the nucler stain deeply and the connecting chromatin
filaments are well shown while the granules also show characteristic colour and
size  1f May Grunwald and Giemsa stamns are not available proper staming with
Tvrght s or Leishman s stans  though not as satisfactony  gives quite good results
Iron hazmatoxyln er hematoxylin staning for these counts in preference to any
of the Romanowsky stains 1s sometimes advocated  while these stans bring out the
nucler and the chromatin filaments well the colour of the granules 15 not distine
tre so that diffe between and phils 15 very difficult

P

(A) ARNETH COUNT

The nucleus of the neutrophil pelymorphonuclear cells 15 divided into lobés
which may be separate or jomed together by fine filaments of chromatin  Cocke s
enterion of separate lobulation 15 that exther the lobes should be distinctly separate
or should be jained together by a fine chromatin filament but not by broad bands
of nuclear matenal  Lobulaton of the nucleus 1t 15 assnmed gives usually an
imdication of the age of the cell—the fewer the lobes the younger is the cell The
youngest cell 1n the normal penipheral circulation 1s one which has a nucleus shaped
itke the letter C while the cells with five or rwort dishinct nucler are the oldest
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The principle of the method 15 to make 2 diffefential count of the neutrophil cell
to group the cells according to the lobulation of the nucler and to calculate the
percentage of cells 1n each group

The cells of the various types can be described 15 follows —

Class T Neutrophil granulocytes 1 which the nucleus has only one deft
nite lobe or two or more lobes jomed by a definite band of chromatin and not by
thin filaments

Class I When there are two separate lobes jomed by a thin filament or
when there are two completely separate lobes

Class TIT  When there are three separate lobes connected by thin filaments
or there are three completely separate lobes

Class IV When there are four separate lobes connected by thin filaments
or there are four completely separate lobes -

Class V. When there are five or more separate lobes connected by thin fila
ments or there are five or more completely separate lobes

When 1n doubt about the number of lobes m cells with three or more lobes
they must always be placed mto the next lower class for example if there »
any doubt whether a cell has three or four lobes 1t should always be placed n
class IIT

The count 15 made by identifyng and classifying one hundred conscentne
neutrophil granulocytes from different parts of the shde and the result 15 usually
reported 1n the following form —

Example 1 a normal count (European standard)
Class I I m I1v V  Total
Number 10 25 47 16 2 100 _

When there 15 an increaze in the nuinber of cells with one and two separate
nuclear lobes 1e of class T or class IT at the expense of those with three or mlore
lobes there 1s saxd to be a left shift n the Arneth count as m the example given
below —

Evample 2 a lejt shift count

Class I hais v v Total
Number 41 44 14 1 o 100

Comersely when there 1s an increase in the 4 and multi lobed nucler 1t 1s
known as a night shft
E; le 3 & nght shift count
st C?ass d I hi ur v v Totnl
Namber o 2z 36 23 10 100
Various ndices and methods of expressing more concisely the results of the

unt (Cooke s modification) have been proposed Probably the most
2:;::]:?:1 theﬂi methods 16 the calculation of the weighted mean of the nuclear
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lobes this 15 obtained by multiplying the number of cells m class I by 1 the
nimber 1n class 1T by 2 the number m class HI by 4 the number m class IV by
4 the number in class V by 5 and then adding together and dividing the sum total
by the number of cells counted

The weighted means of the nuclear lobes i the<e three examples are calculat
€d 1n the following way —

Example 1 Esample 2 Exampls 3

1 x10= 10 1% 4 = 41 1x 9= ¢

Zx25= 50 2xar =38  2x 22w 44
I

Ix g7 =1 3% I =47 3% 36 = (03

4 % 16 = 64 4x 1= 4 | 4x23= 9

5x 2= 10 5x 0= 0 , §x 1= 50
,k —_— !HV

0o 275 0o w5 o0 303

—- = 1 —

Weghted i

mean =275 175 3o3

Interpretalion —Immature granulocytes and cells of Arneth class I and some
of class 11 but none of cla s ITI Tv or V are found in the bone marrow  If there
be a sudden stumulus to the bone marrow to produce granulocytes 2 mn an mfe.
tion the leucocytosts 15 brought about by young cells appeanng m the blood the
number and the proportion of these depending upon the nature of the shmulu
and the reacting power of the marrow of the indinidual and there v a  hift to the
left n the Arneth count But leucocy?o 1s as a result of muscular exercise 1 only
due to redistnibution of cell & not accompanted by any mcrease of young leuco
cytes i the peripheral circulation and 15 therefore not assocrated with any left
shuft

Again n chronic fection or toxzma there 15 an 1ncreased lencocyte destruc
tion which may or may not be balanced by new leucocyte formation 1n the for
mer case there wall be leucocytosis or 2 normal count and in the latter lencopenia
In either case there 15 an increase m cells of class I and II actual or relatne
which results 1n a shift to the left and a decrease 1n the weighted mean It wilt
e apparent that this shift 15 quite mdependent of the total leucocyte or tofal granu
locyte count and provides another mdication of the degree of the toxamia

In pernicious anzmia and certain other conditions of bone marrow dysfune
tion there 15 a shuft to the nght 1n the Arneth count and therefore an mcrease 1
the weighted mean i such conditions there are many multt lobulated cells and
only very few young cells coming into the crculation

-~
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Nornsals

I I ]Hl 1v \ Weghte !
|
L

mean
- U 1

Cooks and Ponder (1927) 10 25 47 3t l 2 2175
hennedy (1933) (Traq) B Pl 3l g 262
Das Copta (Lalcutta) 37 | 44 16 3 o 185

(B) SCHILLING COUNT

In this count the neutrophil granulocytes are dvided into four groups and
classified as follows —

1 Myelocytes ()

2 Juvenles (J)} these have a distinct mndentation in the nucleus they
correspond to our meta myelocytes {vide p 56 table XIj

3 Stab cells (St) these have a C~ or horse shoe shaped nucleus but no
true lobulation they correspond to class T of the Ameth count and
10 our staff cells

Arneth

O @@ e
Sesss

OO
® ¢ B®

Schilling

M J

Stab cells may be of the regeneratne or degenerative tvpe and are differen
fiated by the shape and staming reaction of the nuclens 1n the fatter the nucleus
1> nbbon like and pycnotic with clumps of chromatin and uvsuatly wregular shaped
and the cytoplasm may be vacuolated
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d {Seg) pol honucl showing two or more distinct
lobes

According to Schiling the following are the constituents of a normal
hzmogram 1 a German population —

Total
Jeucooytes l Percentages
B|E |V J | St Seg L | Mon
5000 tn 8o000| o1 | 12 o | o1 35’5757 35 48
’ ( o 1
B = basophil E = cosmophl
L = lymphocyte Moo = Targe mononucleas

Discusston —The Schilling hzemogram 15 much more than a differential granu
Iocyte count as 1s the Arneth count and Schillng clamms that 1t gives far more
mformation  The mterpretation depends on a highly imagmnative senes of res
ponses to nfection and tovema that are supposed to and possibly do occur
m the hemoposetic system m which there are three phases neutrophihic struggle
monocytic defence and lymphocytic cure but st does not seem to take mto
account the nature of the infection and the consequent varations mn the response
Further there are so many directions m which changes may fake place that the
hamo,ram seems peculiatly susceptible to fzcile nterpretation to swit the conser
ous or unconscious wishes of the mterpreter

We do not propose to give a full discussion on the interpretation of the hamo
gram as 1t has only an indirect bearing on the subject of anzma but as far as the

il elements are d Schilling s 1s that infec
tron may cause two types of reaction the regemerative reaction and degenerative
reaction 1 the regenerative reaction new leucocyies are formed in the bone mar
row and this 15 reflected mn the penpheral arculation by a nse m the total white
cell count an increase m the juveniles and regenerative forms of stab cells while
' 4he degenefative Teachon winddi 15 foond m severe toxwrma on aceontd of The
degenerative wfluence of the toxin on the marrow the formation of new cells 1
retarded this may be shown by @ leucopema In the differential count of such
a case there are few yuvenile cells and the stab cells that reach the airculation fail
to segment at the usual rate and may degenerate with the result that there 1 2
preponderance of stab forms including many degenerauve form 1 the blood
The reaction however may not be purely or di m ch
but may be a muxture of the two and the hzmogram may be intermediate with

slight leucopers and a greater preponderance of the younger cells than m a purely
degenerative process
10
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Normals
]
‘ 1 nom r n \ Weghted
mean
,v__._w.___,._.‘.‘.ﬁ__.! PR S
Cacke and Pander {1927} 10 { 25 | 47 (T 2 275
hennely {to3y) {Iraq) T TR { o 4 162
Das Cupta {Calentta) 371 44 | 36 ]\ 3 ) 185 .
— ) __ 3

(B) SCHILLING COUNT

In this count the neutrophil granulocytes are diaded into four groups and
classified as follows —

T Myelocytes (M)

2 Juvenies (J) these have a distinet mndentation m the nucleus they
correspond to our mety myelocytes (vtde p 56 table AL}

3 Stab cells (St} these have a C—~ or horse shoe shaped nucleus but 1o
true lobulation they corse pond to class T of the Arncth count and
to our staff cells

Arneth

m v v

O e
Sesse

@D .O©
T ere

Sehilling

M

Stab cells may be of the regeneratite or dejeneratine type and are differen
tated by the shape and stuning reaction of the nucleus 1 the latter the nuclens
1> ibbon hke and pycnotic with dump of chromatin and usually wrepular shaped
and the cytoplasm may be vacuoiated
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WESTERGREN § METHOD

Apparatus yequired
() Sedimwentation tubes
Westergren tube  This 15 about 300 mm long and Is graduated from o to
200 mm in I mm aoterv ! 1t has a uniform bore of about 3 mm and is
open at both ends
{1 Spreial West rgren rack or an improvied rack to keep the tubes 1 a vertical
position ani to prevent the blood escaping
( ) \nticoagulant—3 8 per cent sodwm citrate solation
(v) Synoge efc for colfection of blood
(v} Stop watch

Techmgue —In this method 38 per cent solution of sodmm citrate 15 used as
anti coagulant m the proportion of one part of aitrate solution to four parts of the
blood

Put exactly 2 ¢ em of blood 1nto a flask to which 05 cem of 38 per cent
solution of sodwm atrate has already been place M mmediately by rotating
the flask and subsequently if possible 1n a shaker then draw up the muxture into a
Westergren s standard tube to the zero mark which 15 exactly 200 mm from the
tip  The tube 15 now set upright 1n a stand 1n which a spring clip holds the points
of the tube firmly agamst a rubber cork at the bottom end  The tube 15 now 1 ft
to stand and the upper level of the red cell column which 15 generally sharp 1»
rcad at the end of one and again after two hours*  The length of the coluran of
plasma from the zero mark to the top of the red cell column 15 the amount of

edimentation and this 1s read off 1n millimetres  this 1s reported as the sedimenta
tion rate 1n millimetres for one hour and for two hours

Nown al fumits fafte ons hour)—

Nen Women
Textbooks 3to smm 4to 7 mm
Our ova expenence 1n Induans a
Calutta 3 to 15 mm 5 to 4o mm

The high figures that we obtamed 1n apparently normal subjects are partly
explained by the hiher temperatures that prevailed compared with those of the
places where the tests on which other normal figures are ba ed were camed out

WINTROBE S MFTHOD

Apparatus requ red
{} Wintrobe 5 tubes—a Al t bottomed glass tube 115 mm Jong graduated from o to
100 In 1 mm ntervals it has a umform bore of :5 mm
(0 Antrcoagulant—sodium and potass um oxalate msxture (vide p 32)
{ 1) Electnc centnfuge

Together with a syringe ete and stop watch as 1n Westergren s method
Techmque —~Wintrobe used his cell volume tube for the determination of the
sedimentation rate

Only one hour readings are usually recorded



-
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(It 15 surprising to the woitets that no provision 1s made 1n the classical Schil
g haemogram for the separate counting of the regeneratnve and degenerative
forms of stab cell when obviously the presence or absence of the latter 1 an
umportant factor i the imterpretation of the haemogram)

Conclusion —The interpretation of the Arneth count 1s simpler though the
mmplications are more mited but 1t presents a mmor practical objection n that
more skilful staiming 15 required to ensure accurate counting of the separate lobes

The value of these counts 1s mamly 1 establishing the presence of mfectne or
toxemic factors which may be mmportant contributory causes of the anzmia
and/or my prevent response to appropmate hematimics The presence of multt
lobular cells shown only n the Arneth count » amportant m the dignoss of
pernicious anamit

14
THE ERYTHROCYTE SEDIMENTATION RATE

The determination of the erythrocyte sedimentation rate (ESR) is not a test
that gives much direct information regarding the nature of the anzmia but it 1s of
value in differentiating functional® disorders such as permcious anemia 1 which
the true ESR 1 within normal himits from anazmia due fo such causes as sepsts and
malignant disease m which the ESR 15 murhedly increased

Further as from the single specsmen taken m the normal course of a routine
blood examunation the ESR can be estimated without additional labour 1t should
always be mcluded

The test suffers from the multipheity of the methods by which 1t 15 performed
and by the vanety of the forms 1 which the results vre expressed The most
commonly used technique 1> that of Westergren (1926) but as it 1s important that
the correction for anzmua should be made and as no correction chart has been
worked out for this techmque this method has its Iumtation

Wintrobe s method (1933) 1> really a modification of this method _at has the
advantage that the cell volume can be estimated on the same sample of blood and
elso that a correction for anzma can be made

Prnciple of the test —A known volume of blood 15 intimately ymixed with a
defimte amount of ant coagulant and the mixture 15 drawn mnto a tube of known
calibre up to a certam pomt the tube 1 then allowed to stand 1n an u);nght post
tion at Toom temperature and the level of the red blood cells 11 the tu1 elxghnoted
at the end of one hour and agumn after two hours  The f2ll 1n the level of the red

cells 1s expressed m millimetres
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To make the correct allowance for this fact Hynes and Whitby (1938) worhed out a
chart {fig 20) showing the refationship of cell volume and scdimentation rate m
normal bloed and 1n blood showing varnnus degrecs of anzmia

Nonsal b uts (ofter ons howry—

en Women
Textbooks oto gmm oto omm
Our 0w expen nce 1 Todians

Calcutta ~ztozomm zto 3 mm

Precautions

(i) All apparatus must be scrupulously clean and dry

() The dilution with <odiem aitrate solution mn Vestergren s method should
De absolutely correct

(nf) The specsmen of blood should be collected dunng the fasting state and
examued within one hour of collection

(3v) Inwomen 1t 15 advisable to asod the men trual period and the few days
before and after 1t .

{v) The specimen should be rejected if there 1s a shight trace of coagulation or
any marhed hzmolysis

(v9) The tubes should be set up in an absolutely vertical posttion m a quict
place well away from any apparatus that vibrates  The temperature of the room
should be between 72 and 80 T whenever possible

(v1i) In recording the results correchon for anemia must always be applied

Discussion —There are a number of factors mnvolved in the phenomenon of
erythrocyte sedimentation but the mo t unportant 1s the size of the rouleaux for
mation and this 15 mainly determined by the composition of the plasma and to a
certain extent by changes it the hape and size of the red cells Increase m
plasma fibnnogen will cause an ncrea e 1n the size of the rouleaux formation and
therefore an increase n the sedimentation rate It 15 probably on this fact that
the value of th1 test depends

Erythrocyte sedimentation rate 15 also greatly influenced by changes m the
<anceniration of the ted el i the pPlgma et ony asovated anemva Th
may osvershadow other changes but beng a mea urable factor must be allowed
for in estimating the true sedsmentation rate

The rate 1s d 1n so many d. that 1t 15 very danger
ous to attach any specific diagnostic sigmificance to it This must be quite obvious
from the wide range of the ESR rates that has been recorded in apparently healthy
mdividuals  However the ESR 15 a test of great value in eshmating the progress
m chrome infections such as tuberculosis and leprosy A standard techmque

hould be adopted and n reporting the results the method employed must be
stated or the information loses much of 1ts value
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The blgod 15 collected in an  ovalated flask and 1s thoroughly muved the
cell volume tube 15 filled with the oxalated blood by means of a capillary pipette
up to the zero mark which 15 exactly 100 mm from the bottom  The tube 15 now
allowed to stand upright 1 a vertical position on a special stand or on a tray of
plashone and the reading 15 faken at the end of one and again after two hours
in the same way as 1n Westergren s method  the ccll volume tube 1s then putmnto a
centnifuge and centrifuged at 3 000 revolutions per mmuate for half an hour to
obtamn the packed cell volume percentage _thus both procedures are done i the
same tube with the same blood <ample

Correction for anemia —One mmportant factor 1n the rate of sedmentation of
bodies i find 15 the concentration of these bodies The sedimentation standards
for red cells in plasma are based on there being a normal number of red cells m 2
given volume of blood 2nd m anemia when these are reduced the cedimentation
rate 15 ncreased above the normal irrespective of the other changes in the blood
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Fi6 20 —Chart for correction of sedimentation rate for anemia by
means of the corpuscular volame

To cotrect for anemia find the junction of the lines of the observed sedimentatinn rat
and the observed corpuscular volume m the chart this pont will fall m on of the five
zones (normal doubtful etc) whick indicate the approximate degree of mcrease i the
rate 1f 2 compensated figure 15 required follow the appropriate curve dow1 to the pownt
where 1t cuts the 45 ¢ cm  vertical hnes for men apd the 4o ¢ cm e for women

Example —Observed raté=so mm  observed corpuscular volumes30 per cent poumnt
of junction bLes in area of shght viucrease compensated rate for men=18
and for women=28
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’

Fractional gastnic analysis grves valuable mformation as to the motihty and

secretory functions of the stomach  This method 1 followed by us 1n the mvests

gation of all cases of anemia 11 the hospital and

in many of the cases attending the anxmia out-
door chnic

In the course of the fractional gastnc analysis

an myction of 05 mg  of histammne 15 gunen one

hour after the test meal to the patients who fal

to show anmy free aad m any of the previous
specimens

Apparatus requ red

{) Rehfuss or Ryles tube or any smtabe modifi

cation (uide figure z1) These are tubes made of good

rubber They are about 3 inches long with and mter

nal dumeter of about jth mch One end of the tube 13

open while the other the tip ends 30 an ohve haped bullous protuberance filled with

metat to weight 1t and keep it npid  There are hoes o the mibber at or n ar the tip

for the passage of the gastnc juice through the tube The hstance wp to which tie tube

has to be passed 1s shown bv a mark near the open end alout zo to 2z wches from
the tp

Fic 21

Before use the tube 1s sterilized 10 boing water for a munute of two and 13 Lept
coile! uf 1 a stenhz d petns dish until required
() Record syninges 10 ceom  and
1 cem
() Tnenty five com burette  gra
duated m 1/30th of 2 com

(v) Cap llary pipettes

(v) Smal glass funnel
(1) Porce ain ch hes—3
(vmr) Glass sods—3

ith teats

with a stand
(i) Toelve labelled te ttube 0 a
rack plus a few extra tubes

(++) Centnfuge machine
(x) Shdes
{xi) Microscope

Chem cals required

() One per cent solution of cocamne
or a sutable substitute

() Seven per cent alcoho! 100 ccm

£ 9 N0 whom hydrovde

(4} Dimethylamdo a obenz ne o5
per cent 1 95 per cent alcohal
{Topfer s re_gent)

(¢v) Fh nolphthile 1
aleohol

(1) Histamuwe—0 5 mg m o5 cem
st nlzed dust lled water

per cent

(1) Adrenalne chlorde olation 1 1n
1000 fo mjection

(v) Sulphur po der

{#¥) Benzidine

(r) Glacial acetic acd

(#s) Hydrogen perox 1

(x1i) Pepsin
{s1) Metts albumin tures (v31)
{x1v) Dlute hyd ochbne acid
{rv) Fresh m 1k
(v1) Lugols odine soluton

ROUTINE PROCEDURE

The following 1s our usual procedurc in catrymng out a fractional gastric

amaly 1 —
A Preparation of the patsent

On the previous might the patient has i usual meal at 8 pm  and at 1o pm
he 1s given four charcoal tablet with a glass of milk  The next morming he 1s not

~
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15
GASTRIC ANALYSIS

Introduction —The gastric juice 1n the normal ndividual contains hydrochlorc
acid frec and 1n the combined state the enzymes pepsin and renmn and the
intrinsic factor of Castle  Examnation of the aspirated gastric juice primanly
for acidity but also for the presence of the cnzymes and for other normal and
abnormal characters 15 known as gastric analysis

We have mncluded gastnic analysis m this series on hzmatological techmique
because normal hzmopotests 1s to a large extent dependent on normal gastric
function and consequently the knowledge that we obtain from this test 15 important
m both the diagnosis and the treatment of the anzmias

Achlorhydria or hypochlorhydra 1s associated with deficient digestion and
absorption of a number of food substances In some cases of microcytic anamia
achlorhydria 15 considered to be the main ztiological factor iron 1s more easily
absorbed from an acid than from an alkaline medium  Free acid 15 necessary also
for ensuring proper peptic digestion (vs) Further 1 the absence of hydrochloric
acd fermenting orgamsms flournish causing flatulence meteonsm and diarfheea
This mucosal dysfunction leads to a macrocytic anzmia  the anmma of sprue ts
often of this type and due to this cause but neither in sprue nor in nutntonal
macrocytic anemia 1s achlorhydna constant nor is there any evidence that the
mtrinsic factor 1s also absent Fimnally in permicious anzmia there 1s complete
and constant achylia * which 1s associated with the absence of the trinsic factor
though this latter deficiency cannot be demonstrated directly 1n the laboratory

In practically all cases of anzmia assocrated wath achlorhydra or hypochlo
thydna the giving of dilute hydrochloric acid alone or with pepsin will be bene
fictal and may m fact constitute an mmportant part of the treatment

Yethods  Gastric analysts can be done by either of the following methods —

() Single exammnation This 15 an old method and 15 obsolete now
In thys method after complete evacuation of the fastng juice an
Ewald meal consshing of bread and water 15 gnen fo the pahent
and the stomach content withdrawn agam after one hour

(1) Fractional analysis of Rebfuss  In this method after complete evacua
tion of the fasting juice a switable test meal 1 given to the patient
small samples about 10 cem  of the gastnic flimd are drawn off
every 15 munutes up fo 2} to 3 hours

“The following terms are 1n common uss for the dufferent stages of gasttic d ficency —
dina
lorhydna {or false = absence of free hydrochlonc acid dunag an erxdinary
A:}cxha;rl{ydnn) ¢ test meal 1w which histarune was rot given
Complete achlothydna = absence of free acid even after histamune inection
chylia = absence of free acid and the gasiric enzymes _even
Achy] after histamtne
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After complete evacuation of the stomach contents the fest meal t given to the
patient with the tube i stiu

D Test medls

An 1dcal test meal 15 obviou 1y one that bears a close stmilanity to the ordinary
duet of the patient but for many reason it s not po mble to gie such a te t
meal Vanous test meal, have been adiocated bnt here we shall describe only
two with which we have had peronal expenence

) Cruel test meal In making this we have always u ed Quaker oats bat
any form of prepared cats can be used and in this country =ome worker prelfer to
ue a nce grwel  Take a tablespoonful of Quaker oats m two pints of water add a
pinch of salt boit down to a pint and strain through fine mu n  This meal does
not contam any lactic acid and 15 thus almo t an 1deal test meal but with the tube
n situ it becomes very difficait and sometrmes rmpossible to swallow such a large
quantity of thick gruel

(i} Alcokol test meal ~ One hundred ¢ em of 7 per cent alcoho! 15 used for
th1 meal The measured quantity of alcohol 15 placed in a beaker from which it
s drawn up into a syringe and introduced mto the stomach through the tube the
process 15 repeated until the whole amount has been introduced

Thi meal 15 very ea y to admimster while the flurd that 15 sub equently with
drawn 1» almost clear ths allows of easy titration for acidimetry

S Tiuthdraual of post prandsal specimens

Note the time when the test meal 15 gren a prrate with a syninge about 10
¢ cm of gastnic contents every 15 minutes up to 2} or 3 hours  The specimen  are
Lept in labelled te t tubes until the time of evammation

Histamne —As the fasting and post prandial juices are withdrawn they are
exarmined for the presence of free hydrochloric acid by the bedside

Take one ¢ cm of the ga tric yuice m a small test tube add a mall drop of
Topfer s rea,ent Note the colour—red or orange colour md.ncates the presence of
free hydrochloric acid and further bed ide of
not necessary

»

If free hy drochlonic ac1d 15 not present in the fasting juice and n the first four
post prandial speaimens  an injection of 0 5 mg of i tammne 15 given and the pro
cedure of withdrawing samples 15 continued a before A Ittle flushmg of the
face 15 seen after mjection of hi tamme and occasionally the patient may complamn
of palpitation which generally pass off quickly In the event of the patient be-
coming distressed by these symptoms an injection of 05 ¢ cm  adrenatin chlonde
should be mven  this will grie 1n tantaneous relief
e .
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allowed any food or dnnk before the test 1 fimshed Indian patients must be
warned not to chew any pan as it may impart a red colour which might be
mustaken for blood to the gastric juice

Before introducing the tube 1n very senstive patents the nasal mucous
membrane and the posterior part of the pharynx may be sprayed or swabbed with
T per cent solution of cocamne or with a smtable substitute

B Introducing the tube

(1) Through the mouth ~ With a patient 1n a comfortable position  sitting
i possible, but the test 15 best done with the patient lymg down the tip of the
tube 15 placed on the posterior portion of the dorsum of the tongue and allowed to
drop slowly bachwards and downward When the tip strike the postenor
pharynx the patient 15 mstructed to make swallowing movements and the tip will
then pass into the cesophagus  The patient should be told to continue to swallow
slowly when the tube will gradually descend unti the end has reached the fundus
of the stomach the mark on the tube gives an approwmate mdication of when
this pomnt 15 reached

() Through the mose Wnh a hitle practice the mtroduction of the
tube through the nose 1s much easter than through the mouth and can be
carried out even m the most sensitsve patient The tip of the tube 1s mtroduced
mto one of the nasal onfices and gently pushed through the nose until 1t reaches
the posterior wall of the pharynx  The patient 15 now told to make swallowing
movements while the tube 15 pushed gently down until 1t reaches the fundus of
the stomach

Some obstruction may be felt n passmg the tube through the nose this 13
easily overcome by a hittle pulation but if the 15 great the tube
must be taken out and introduced through the other na al onfice as not nfre
quently the septum 1s deviated to cne side

-~

C  Drawng out the contenis of the fasting stomach

When the tube has been introduced up to the required distance ntroduce the
nozzlc of a 10 ¢ cm synnge wto the tube with the piston drawn out  push down
the piston so that the air in the syringe 1s forced through the tube to dislodge any
mucus or food debrs that may be blocking 1t at sts distal end then aspirite the
contents of the fasting stomach If there 1 any difficulty in getting the pwne
vary the position of the tube m the stomach by drawing 1t out or pushing it 1
and/or by forcng more air through the tube

Rarely difficulty 1n obtammg juice may be due to contraction of the gastric
muscles which may be difficult to overcome  An attempt should be made to drahw
out all the flmd of the fasting stomach—by altering the postion of the tube in tle

h by putting the patient m different postures and by applying a lttle
stomac S h tside  The contents of the stomach are placed m
pressure to the stomach from ountside
the test tubes previously labelled
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(a) Estmation of free hydrocklonc acid

Titrate with N/xo sodum hydroxide until the red or orange colour 1s dis
charged th 1s done as follows ~—

Fill a graduated 25 ¢ cm burette with /10 NaOH up to the zero mark Viath
one hand regulate the flow of NaOH and allow 1t to fall drop by drop from the
burette mto the porcelun dih  stir all the time with a clean glass rod with the
other hand  The end point will be shown by a browmsh and not a yellow colour
Take the reading of the burctte the difference between the two readings (the first
should be zero) grves the amount of \aOH that was required fo neutralize 5 or
10 ¢ cm of gastric juice

In chaical work the result 15 alnays expres ed as the number of cubic centt
metres of N/1o NaOH which would be reqibred to neutralize 100 ccm of the
gastric Juice each cubic centinetre representing ome degree of acidity So the
number of degrees of acidity 15 calculated by multiplying the number of cubic cent
metres of N/10 NaOH by 10 if y0 cubic centimetres of gastnc juice was used
or by 20 1f 5.ccm of gastrnic Juice was u ed

The re ult may be expressed m grammes of hydrochloric acid by multiplying
the number of degrees of acidity by 000365 (an easy way to remember this 1s that
365 15 the number of davs 1n the vear the la t figure—5—indicating the number
of decimal places)

Franple —If o ccm of gistnc quce was taken anl if the end pot va r ached

wlen 23 ccm of Nito NaOH hal been adled the degree f aciity 15
5 3xTO=23
A 1n term of hydrochlonc aci 23 000365 =008395 g of hy drochlor ¢
act)

(b) Estimation of total acsd

After the estumation of free hydrochlonc acid or if there 15 no free HCI at all
1 or 2 drops of phenolphthalein (1 per cent solution n alcohol) 15 added as an
ndicator and the titration with N/10 NaOH 1» continued until a permanent fairt
red colour develops

The third reading mnus the finst reading (zero m thi> case) multiplied by 10
sf 10 ceam was taken or 20 1f 5 ¢ cm was taken gives the degree of total acid

The total acidity 15 made up of free HCI together with the HCI which 1s com
brmed with protemn and mucus plus the orgamc acids such as lactic and butyric
which result from fermentation

The estimation of total acidity 1s of Iittle practical importance It 1s usually
about ro degrees higher than the free HCI except m cases of marked lactic or
butyric acid fermentation when 1t may be very much igher than the free HC1
In these cases the typical rancid butter odour enables one to detect fermentation

(¢) Lactic aud

Test for Jactic acid must be applied n all ca es where there 1 no free HCI 1
the fa ting Juice
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FxaMINATION OF GAsTRIC CONTENTS
A Macroscopic examunalions
(a) In the fasting jusce

(i) Amount measure and note the amount Normplly 20 to 25 cem arc
found Marked 1ncrease over 50 ccm  suggests hypo motiity
obstruction or hypersecretion

(11) Odour normally 1t has no stuking odour  An offensive odour suggest
cancer and a sour odour fermentation

(1) Remnants of food or charcoal normally ne food rumnants or charcoal
are found after 10 hours iterval The presence of food remnants
or charcoal particles suggests hypo motiltty pjlonic obstruction or
ptosis

(8) In the fasting puce and n the post prandial specimens

(+v) Mucus i large quantity 1 the fasting yuice and 1 many of the later
post prandial spectmens mdicates catarrhal gastntis

(v) Bile traces of recently regurgitated lemon yellow bile may be seen
m a few specimens and are usually due to retching caused by the
introduction of the tube A large quantity of turbid green bile m
the fashng and in any of the carly post prandial samples 1» almaost
always pathological

(v1) Rlood macroscopic exammation for blood gives more valuable mn
formation than the chemical examination  Flechs of fresh blood are
usually the result of trauma m passing the tube whde Jarge quantt
ties of fresh blood mn any specimen would indicate varces erosions
or even malignant ulceration of the cesophagus Blood from a gastnc
ulcer or carcmoma of the stomach 15 changed to brown acid hzmatin
by the acid 1n the stomach juices 1t 15 found most frequently m the
fasting juice but 1t may be found alo 1 any post prandial specimen

B Chemical exammations

() Acsdimetry

Place 5 or 10 ccm of clear gastric contents i a shallow porcelamn dish  If
there 15 an excess of mucus in any specimen filter the gastnic juice through a plug
of cotton wool to remove the mucus  this will then allow of easy titration

Add a drop of Topfer s reagent to the gastric uice in the porcelam dish the
presence of free hydrochloric acid will be mdicated by the red or orange colour of

the juice
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(a) Estuonation of frec hvdrocklone acid

Titrate with \ f10 sodum hydroude until the red or orange colour 1 dis
charged thi> 15 done 15 follows —

Fill a graduated 25 c ecm burette with N/1o NaOH up to the zero mark With
onc hard regulate the flow of NaOH and allow 1t to fall drop by drop from the
burette 1nto the porcelain dih - stir all the time with a clean glass rod with the
other hand  The end pomnt will be hown by a brownvh and not a vcllow colour
Take the reading of the burctte the difference between the two readings {the first
hould be zero) gnes the amount of MaOH that was required to peutralize 3 or
10 c em of gastric Juwce

In chnical work the result 1 always expres «d as the number of cubic centt
matres of N/10 NaOH which would be reqiired to nentralize 100 ¢ cm of the
gastric yuice ¢ach cubie centimetre representing one degree of acdity  So  the
number of derees of acidity 1 calculated by multiplying the number of cubic centt
metres of N/10 NaOH by 10 of 10 cubic centimetres of gastnic juice was used
or by 2o if s.cem of gastnie yaice was v ed

The result may be expressed i grammes of hydrochlonic aad by multiplying
the numbrr of degtees of acidity by 000365 (an easy way to remember this 15 that
365 1o ihe number of days in the year the hst figure—s—tndicating the nomber
of decimal places)

Franple —1 10 comt of gy tric yuwce va taken anl if the end pant w  r ached

wlen 23 cem of Njrto NaOIHl hal been alled the degree [ acility s

1 23xfom23
A#l 1 terms <f bydrochl nic aci] 33 000365 =0 08395 g of hy frochlanc
nert

{b) Lstomation of total acd

After the estunition of free hydrochlone acid or if there 15 no free HCI at all
T or 2 drop of phenolphthilan (1 pur cent <olution in aleohol) 15 added as an
ndicator and the titration with /10 NaOH 1 continued until a permanent famnt
red colour desclops

The third reading momus the first reading (zero 1 this case) multsphed by 10
if Tocem was taken of .o if 5 ¢ cm was taken gives the degree of total acd

The total acidity 15 made up of free HCl together with the HCE which 15 com
bined with protan and mucus plus the orgamc acids such as lactic and butyrrc
which result from fermentation

The estimation of total acidity 1s of htte practical importance It 1s u vally
about 10 deyrees hugher than the free HCl except i cases of marked lactic or
butyric acid formentation when it may b very much higher than the free HCI
In these ca es the typical ranad butter odour entbles one to dutect fermentation

(¢) Lactic acsd

Test for lactic acid must bu apphed 1n all ca es where there 15 po free HCLin
the fasting juce
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EXAMINATION OF GASTRIC CONTIATS
A Macroscopic evamnations

(@) In the fastng juice

() Amount measure and note the amount Normglly 20 to 25 cem arc
found Marked mcrease over 50 ccm  suugests hypo motility
obstruction or hypersecretion

(1) Odour normally 1t has no striking odour  An offensie odour suggest
cancer and a sour odour fermentation

{m) Remnants of food or charcoal normally no food remnants or charcoal
are found after 1o bours interval The presence of food remnants
or charcoal particles suggests hypo motility pylonic obstruction or
ptoss

(V) In the fasting pce and 1n ihe post prandial specunens

(+v) Mucus  large quantity 1n the fasting juice and m mamy of the later
post prandial specimens 1ndicates catarrhal gastritis

(v) Bile traces of recently regurgitated lemon yellow bile may be seen
n a few specimens and are usually due to retching cavsed by the
introduction of the tube A large quantity of turbid green bile
the fasting and 1 any of the early post prandial samples 15 almost
always pathological

(1) Blood macroscopic evammation for blood gives more 1aluable 1n
formation than the chemucal exammation  Flecks of fresh blood are
nsually the result of trauma mn passing the tube while large guant
ties of fresh blood 1n any specimen would indicate varices erostons
or even malignant ulceration of the cesophagus  Blood from a gastric
ulcer or caranoma of the stomach 15 changed to brown acid hzmatin
by the acid m the stomach juices 1t 15 found most frequently 1n the
fasting juice but st may be found also 1n any post prandial specimen

B Chemical exammations

() Aadunelry

Place 5 or 10 c cm of clear gastnic contents 1n 2 shallow porelamn dish If
there 1> an excess of mucts n any specimen filter the gastric juice through a plug
of cotton wool to remove the mucus  this will then allow of easy titration

Add a drop of Topfer s reagent to the gastric juice 1 the porcelan dish  the
presence of free hydrochloric acid will be mdicated by the red or orange colour of

the juce
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JInterprelthion —Digestion m tube 2 indictes the presence of both pep m and
free hydrochlone acid an the gastric Juiee

If digestion fal tn tube 2 but occurs 1 tube 3 pepsinogen 15 present but it
requited the free HCE to bu added to the tube to convert at into pepsin

If there 1» no digestion tyen m tube 3 then both pcpstn and pepsinngen are
absent

{1} Delection of renmn —The ¢nzyvme renmn corgulates the protun of mulk
Tresh mulk 1 used as the reagent

Nautralize 5 cem of cluar gastie flud with vy dilute <odm by drode
Add an equal amount of fresh mulk and place i 2 water bath at 40 C for
1y minutes

Interfretation —Coagulation of the milk m Yo to 15 nunutes denotes the
presence of 1 normal amount of renmn  didayed coagulition denotes a decreased
amount

D Microscopic exanunation of the gastric restdue
-

This cxammation ha  very liuted application and need only be done 1if
carcinoma 1> suspreted  The fasting contents when no frec HCL 15 present are
mo t suitable for the test

Centnfugilize the fasting contents take a small opful from the bottom and
mear 1t on a glass shde  Fix by heat and stam by Lugol s wodime and examine
with the oil immer 1on lens for Boas Oppler bacilli

Boas Oppler baall are large (5 to 10+ Jong) non motile and usually arranged
m clumps or end to end m g zag chams They stam yellow to brown with
iodine solution which distingus hes them from I eptolnchta buccalis which 15 not
mfrequently swallowed and hence found 1n stomach flud (Todd and Sanford
1939}

Method of recording results

The tesalts are best recorded on a  pecial chart which may be prmtcd
or cyclostyled

Figure 2 shows the form of chart that we te escept that m thns figure 1
shaded arca has been added to show the range within which 8o per cent of gastric
analyses m normal individuals fall

Both free acid and total acid are recorded i the chart preferably i different
colours  The presence of mucus bile and blood 1 1ndicated by a plus or a double
Plus sign n the appropniate place
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Add 2 drops of 5 per cent aqueous <olution of ferric chlonide to half an mch
of clear gastric flud 10 one tubc and to half an inch of water in another tube of
the same size which will serve as a control  To each add 6 drops of safurated
solutton of mercuric chlonde  If lactic acad 1 present in the gastric contents a
deep vellow colour will be produced in that tab. bt not 1n the other

'

(1) Dile
The presence of bile will be denoted by the colour m the gastric flud  If n
doubt Hay s sulphur test cin be done by sprinkling sulphur dust on the surface

of a specimen of clear juice  If bile salts are present the sulphur will fall to the
bottom

(i) Blood
Dissolve a hitle benzidine in 2 ¢ em of glacal 1cctic acid warm 1f neces<ary
add 2 ccm of 3 per cent hydrogen peroxide  Finally add 1 cem of the gastric
Jmee and mix well by shaling A blue or blush green colour ndicates the
presence of blood
The test 15 very sensitinve and will detect blood i dilution of 1 3 ooo coo

C Exammalion for en yines

(§) Detcction of pepsin —Normally pepsinogen 1> secreted by the stomach
and 15 transformed nto pepsin by the free HCl i the stomach  Its presence s
detected by the digestion of egg albumin

Wethod —Take threc small test tubes

In tube 1 put 1 g of pepstn 2 ¢ cm of the HCI solution and 1 one inch
lerttth of capillary tube of albumun *

In tube 2 put 2 cem of clear qastnc flud and a capillary tube of albumin

In tube 3 put z ¢ em of clear yastuc flnd 2 cem of the HCI sofution and
a capillary tube of albumm

Place all the three test tubes m a warm_incubator overnight eamune them
for digestion of the Albumm nest mornmng

Tube I 1n which digestion should be complcte serves as a control

\lett s capillary tubes of albumm are prepared i the frllowing w —

Ax the white of 3 or 4 egg  beating them gently

ake some caplacy tabcs of uniorm bore Fill the tul s sth the eggatumsi and
cut them mto pieces of dbout 10 to 1 ches long  Seal the ends \ith caling vax
a larg quantity of water in a big vessel Just as the sater Fegm to bol put tle capil
Jary tube contaming albumin wto the buling ater Remove the vessel from thc sourc
of the heat After 5 minutes fake out the cap lury tubcs—ihe egg fbumn i le lightly
coagulated  Store the {ubes 1 a refnigerator

Before w e cut the egg albmmn fubes mto Jength nf o nch takmg care that the
enls are clean cut anl circolar
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Thes, enten are based on our per-onal expcnience 1n India (Napser and Da
Gupta 1935 “iprer Chaudhan wnd Rat Chandhurt 1a3%) but they do not differ
matenally from tho ¢ adopted by
workers 1 other countnes  About
8o per cnt of normal Indmvidual
Il withn the pochlorhydrn range -
within this range women wifi u ually s
be lower than men {figure 23) There
t no evidence that the ga tne acidity
of Indians i India 1> lower than that
of Europeans in ther own countries 1emal
The data avaflable from our own
expencnce suggest that in South Indin
and Bengals (hgure 29) the acid range

Y Y AJ ~ T
n a lLttle higher than the textbook
figures which are based on Luropean 11 13—A<am cale m!  anl
and North Amenican subjects fm s gy tm D
FTom 2 to 4 per cent of apparenth A

normal Indian arc completddy achlorivdric <ven with hr tamune

this 1 10 heeping
with experience 1n other countries
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T16 24 —Normaf Indians w Calcurta (grust test meal)

With the alcohol test meal the acid cunve an the whole tends to be ugher
this 15 particularly noticeable n the first post prandial sample 1n which the ymtial
drop i acidity due mamly to the neutrahzation of the acid by the meal may be
absent  Another difference 1s that the maxumum aadity 15 usnally reached earlier
when alcohol 1 given as a test meal
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Normal standards

Actd curves will vary not only in height but m shape and one cannot jud,e
them solely on one feature ¢ g on the mghest pomnt reached during the test

an
GASTRIC ANALYSIS REPORT
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THE RED CELL FRAGILITY TEST B9

the numbers of the two tubes that show the beginmng of hemolysis and complete
hemolysis are noted and from these the strength of the corresponding sahine
solutions are calculated
Apparatus and reagents required
(i) Accurate solutions of sodium chlonde © 5 per cent and 1o per cent standardized
agamst slver mitrate solution
(ti) Treshly boifed distillel water (pil 70}
(ni) Small test tubes
(v} Metal rack for holding the tubes
(¢} 5 of 10 com cynnge with needle of fauly wids bore
(vi) Capillary pipette with teat

A comvenient form of rack 1 that used for the Wassermann reaction  The
holes are 1 two rows with single tubes at aither end of the rack  The holes are
numbered 12 to 24 and those at each end S and W ({figure 25)

0 !

U-g-o-g-o-o
U o uTg

A=)

jou B

Fio 25

With a syninge fitted with a needle of farrly large bore or with a capillary
pipette put ntp each tube the number of drops of 05 per cent sodimm chlonde
solution indicated by the number on the rack opposite that tube apd 25 drops 1n
the tube marked S

Wash out the synnge or the pipette thoroughly with distilled water With
the same needle or pipette add a suficient number of draps of distilled water to
bnng the total number of drops of fluid in each tube up to 25 and put 25 drops of
distilled water 1n the tube at the end of the rack marked W

Framples—

Numb rs on racks oppo W Iz 13 14 15 16 17 2 S
site test tabes

Number of diops of 05 o 1z 13 T4 15 16 17 24 15

per cent NaCl to be

put mto each test

tube

Number of drops ef dss 25 13 32 T 10 g9 8 1o
ulled  water to

added to each test

tobe

Concesttration of NaCl ©14 02t 028 ©30 ©32 O34 048 o0
(per cent)

12
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Other sndications given by gastnc analysis

In chronic gastritis 1n the early stages there 1s hyperacidity and hy persecr
tion  this latter 1> shown by the large quantity of fasting juice but n the later
stages there 1s gastric atrophy with accompanymg hypoicidity or achlorhydna

In gastnic ulcer there 15 wsually ;ncrca:.ed acidity and blood may be
present

In gastric carcimoma the findings are somefimes vers charactenstic but m
the early stages there may be no mdications so that it 1s dangerous to exclude
carcmnoma on the strength of a normal gastnic analysis  There 1s achlorhy dna
excess of lactic acid and usually blood and the Boas Oppler bacillus 15 often
present  If the cancer 1 at the pylorus there may be delayed emptying and food
or charcoal will be found m the fasting jmce which will usually be very sour and
offensive

In gastric neuroses there 1> usnally hypersecretion and n dilatation of the
stomach food retention and fermentation

16
THE RED CELL FRAGILITY TEST

Introduction —When normal red cells are suspended 1n 08, per cent saline
they remamn unaltered but they become crenated when the concentration of the
sahine 1s rased above 09 per cent whereas they are heemolysed or laked when
the concentration 15 lowered below o045 per cent

The study of the reaction of the red cells 1n hypotome sahne solution 15 known
s the fragity test of the red cells

The fragihty of the red cells 15 nfluenced by the LO contcnt of the blood
arterial blood 15 less fragile than venous blood while the fragility of the capllary
blood 1s intermediate

Further the ted cell 1 to some extent protected by 1ts own plasma from
saline hzzmoty sts which 1s more marked 1n case of anvermic pattents (Creed 1939)

The test 1 conveniently done with fresh oxalated venous blood collected for
routine exarmnation of the blood (p 1) but for reasons given above the tet
should be done with washed red blood cells which have been thoroughly oxygenated
by rotating the blood around m a wide mouthed bottle for over 5 minutes

The fragility of the red cells 1 expressed in terms of percentages of sodmm
chloride soluhon namely the pomts at which haemolysis commences and at which

1t 15 complete
The test can be done either by a quahtatine or quantitatiye method

Qualitative method

To each of a senies of numbered test tubes contaiming saline solution of dufferent
one drop or two drops of blood are added the contents

d concentrations
grade to stand for about 2 hours after wiich

of the tubes are mixed well and allowed
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Apparatus required

A i medeel] count (3 10}

Al accurate solutin of sohum chlonde (stanlardired against silv r hitrate soluticn)
from 03 to 07 per cent with intervals of 505 per cent

Techmigue —¥1ll Ted cell pipettes as mn red—cell count using different strengths
of salt solution ran,ing from 03 to 07 per cent with nterval of 005 per cent
Allow the pipette to stand on an even surface for about 15 minutes shahe at well
and then count the red culls in the usual way (see cnumeration of red cell
P 13 ot <eq)

Repeat this count with each solution and include a control with the usual
dduent

From the above counts cdleulate the numbet of cells that become hemolysel
i different strengihs of the salt solubon and plot a cune  The normal hmit of
fragility of the red blood cells as deter
mined by the quanttative method of
Whitby and Hynes (1935) 1» shown 1

figure 6 o T
Discussion * ‘-..“‘
The fagility test 1s based on the assump ) -
ton that there 1s some parallelism between %
the fragility of the erythrocytes tn wifro and s N
th i susceptibility to haemolysis 18 tiio ) v
Though 1t 15 very unhkely that the mecha »
1 ms of these two processes netther of which % \\
15 fully understood are identical there 1s the ! \ N
evidence that an certamn d eg ~
acholuric jaundice where the red cells are * T

particularly hable to hemolyms i vito they rl;ﬂ::'m —n\;r;x\}!:v'v qv‘fl f:lu f:’:fu;':m;
are hxmoly ed by hvpotonic saline solutions (Whitby and flynes 19)$)
that would not affect normal erythrocytes
In the physiological process of red cell demoltion there 15 ome evidence
that the red cell normally a biconrave die becomes more spherical in hape
before 1t disintegrates and 1n many hamolytic anxmias it has been shown that
the red cells are more spherrcal than the normal red cells  These spherical cells
appear to be more susceptible to hxmolvs: by hypotonic salt solutions but 1t 15
certain that this 1s not the only change that brnings about this increased fragihity

In all cases of obscure anmmia it 1 certamly worth carrying out the fragility
test by the quantitatine method if this 15 feassble not only 1n the interests of
accurite diagnoss byt 1 order to add to vur knowledge of the ztiology of the
many types of anzma about which our knowledge 1s ncomplete
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Shake each tube thoroughly to get 2 umform mixture To each tube add
one drop or two drops if the patient 15 very anzmic of oxygenated blood (v s)

Shake all the tubes agamn  Place the tack with the tubes on a fiat even surface
and allow 1t to stand for about 2 hours at room temperature  If there 15 any special
meed for hurry centnifuge all the tubes for about 1o minutes and take the readings™
at once  If possible put up a parallel test with normal blood as a check to the
accuracy of the sodum chlorde solution

Reading the results —Hold the rack with the tubes level with your eyes agamnst
daylight Note the number of the tube i which hemolysis 15 first shown and
also the number of the tube i which 1t 15 quite complete ~Examme the tube
commenang from tube No 25 and proceed towards the other end the first tube
showmg a tinge of reddish colour i the supernatant fluid indicates the begmning
of heemolysis and the first tube m which al' the corpuscles are laked and no cor
puscular residue 1 visible even alter centnfugabgation indicates the pomnt of
complete hzmolysis

The result 15 expressed as a percentage of sodwm chloride solution and 13
calculated by multiplying the figures on the tubes by o0z

Erample ~-The first tube 1n which the supermatant fluid shows any pink colour 13
numbered 20
The first tube i which there 1s no corpuscular resilue 1s numbered 15

Therefore hazmolysis begins at 20x002=0 40 per cint sahne
hemolysis 13 complete at 15x0p2=030 per cent saline

When the test has to be carried out with very fragile cells eg m acholunic
jaundice concentration of sodim chlonde of over o5 per cent may be required
3p such a case use I per cent solution mstead of 05 per cent and proceed with
the test i the same way as before Take the readings and multiply the numbers
on the tubes by 004 to get the percentage of the saline

Normally partial hemolysis begims at about 044 per cent and 1 complete at
about 030 per cent saline

Quanhitan e method

The quahtative method would be quite accurafe if all the cells m any
particular sample were of the same fragiity but the mdividual cells vary 10
their fragility Just as they vary m their size It 15 therefore important to knoy
what percentage of cells have been hzmolysed by each solution This quanti
tative method 1s more labonious but 3 worth doing in special cases

Principle —A number of accurate red cell counts are done in the usual way
except that mstead of the standard diuting flud different strengths of salt
solutions* are used from the results 2n accurate guantitative graph of the fragtity

15 plotted

d but Whith
sed mixtures of salts identical with those wn the bloo ¥
and 1?}'322%:‘;‘3%?2:»‘2am4 \dentrcal results by using solwm chlonde solutt ns  we recom
Soend ihe Jatter method on account of its simplcity
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Known causes of the hxmorrhagic state are —

(i) Dufictercy of platelets {and con equent deficiency of thromboknase) as
1 thrombocytopenic purpura

(7)) A defect of the platelets so that they do not disintegrate at the wusual
rate 2s i hemophila

(1) A deficuncy of prothrombin i the blood as n vitamin R dficency

(12} Fabnnogen deficency  as in prolonged chrome hamorrhage

(v} A defect in the capillary wall  as in utamin-C defictency

In (i) there 15 a decrease in the platelet count a normal coagulation but a
prolonged bleeding time and poor clot retraction the prothrombin
15 normal -

In (1) the bleeding time 1 normal and the coagulation time w prolonged

In (i) the bleeding time 15 normal and coagulation time prolonged
prothrdmbin 1s decrea.ed but the clot retracts normally

In (12) the bleeding time 15 normal and the coagulation time prolonged and
the clot retraction 15 defective but prothrombin is normal

In (1) the bleeding time 15 prolorged and the capilary resistance
decreased but the i time p bin and clot
are normal

A COAGULATION TIME

Various methods have been described for the determination of the coagulation
tume but 1t 15 essential to adopt one method and to follow the technique as umiform
ly as possible for the normal coagulation time vanes very considerably with the
technique with the temperature and with the diameter of the tube used -1t 15
alo lnﬂuenccd by admixture of the blood with tissue juice or amy other foreign

It 1 adwisable first to the if time of a few normal
persons n each vy all subseq must be done exactly
1n the same way and the restlts interpreted in relation to the normal finding

Two methods are described as we have had considerable expenience with
each —

I CapiLiaRy TUBE (WRIGHT S) METHOD

- Appa atus and reagents required

() Fine capillary tube with lameters from 08 to 12 mm ani 1x mchs< long

() Frcking need ¢ or blyod gun

('} Waterbath or warm water n a beaker at 37 C with a therm m t £

o) Spint lamp

(v} Stop watch

) Alcohol

{¢1) Ether
(v ) Coton wool

This 1 unnecessary 1a the hot weather months n Tnda
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17
PROCEDURES EMPLOYED IN INVESTIGATING
HAMORRHAGIC DISEASES

Introduction —In the study of haemorthagic diseases and hzmorrhagic
diatheses a number of procedures are commonly carried out that should be m
cluded m this series on hematological techmque  These are —

Estimation of the coagulation time

Estimation of the bleeding time

Quanhtame estimation of prothrombm 1 the blood or determnation
of prothrombin time

Capillary resistance test

Study of clot retraction

Platelet count (vide p 27 et seq)

o>

mE o

The study of clot retraction gives little additional information of value as 1t
appears to be dependent entirely on the platelet count but as st provides confirm
atory evidence we have mdluded 1t The estimation of blood caleum also has
some bearing on this subject but 1s essentially a biochemical test and will not be
described here further though calcrum deficiency could theoretically Jead to a
hemorrhagic state 1n actual practide 1t does not appear to do so unless associated
with other deficiencies

Discussion —Briefly stated and essentially coagulation of the blood 15 depen
dent on filbnnogen 1omzed calaum prothrombin and thrombokinase (thrombo-
plasting  The first three are present 1 the plasma while thrombokinase 1s derty ed
from the disintégration of the platelets and damaged tissue the cham of events
i as follows —

Prothrombin + 1onized calcxum + thrombolinase (thromboplastin) ~>  thromb
Thrombin + fibrinogen = fibnin
Fibrin + cellular elements of blood ~» blood clot -

Clot + platelets > the retracted clot

(This leaves out of account the mteraction between anti prothrombin  pro
thrombin and thromboplastin substances Heparin—ants prothrombin—s a very
real substance but whether 1t exsts i the arculating blood 1 health does not
seem defimitely established so for the sake of brevity and we hope clanty we
have not considered the part 1t may possibly play in prew:mmgrc/lo(}mg n the
crculating blood )

All the above substances are normally prescnt m the blood & defect m any
of them will cause a break m the conunmty of the cham and will lead to

hamorrhage
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Comment —The second method 1s more accurate as certun disturbing factor
eg tesm guie are eliminated

B BLEEDINC TIME

Apparatus sequired
()} Prikng needh or Bl ) gan [ni) Stop wateh
() 1alt 1 paper (1) Sphyghio manomet ¢

I DuxrF s METHOD

Clean the ear lobe or the dorsal surface of a. finger fir't with alcohol and then

with ether  (The tp of the finger 15 not sustable for this test as 1t 1 horny 1 many
cases ) Prick the sclected site fairly decply with a blood gun or a prcking needle
o that blood flows freely without squeezng  Soak up the blood which comes out
with a clean piecc of filter paper without touching the skin  The flow of the
blood hould be such that the first impression on the filter paper has a diameter of
about half an mnch  Without squeezing or pressing the finger continue to soak
up the blood with the filter paper evers 30 seconds until the bleeding stops

The time from the first appearance of the blood until the cessation of bleeding
18 the Bleeding time

Normal hmuta=1 to 3 munutes

II  Vevots presSURE METHOD (Ivy ef al 1935)

Put the cuff of a sphygmomanomet r around the arm above the elbow as 13
done m taking blood pressure  Stlect a portion of the forearm below the elbow
and clean 1t with alcohol and ether  Rai e the pressure and mamntamn st atZjo mm
of mercury which 1 sufficient to check any venous return Prick sharply up fo a
depth of about 1/10th inch at a point frec from any superficial veins o that blood
will flow freely  Soak up the drop of blood eviry 30 seconds .as in method I until
the bleeding stops

Th method 15 superior to method I a the capillanes are kept wide open and
their tone ehmmated also the area selected for punctare 13 umformly thin  For
these feasons more consistent results are obtained with this method than with
method 1

Normal imits =2 to 4 mmutes
‘

~

C QUANTITATIVE DETERMINATION OF PROTHROVBIN IN
BLOOD PROTHROMBIN TIME

Appaatus v qu

() Ten ccm secord synnge () Water bath with 2 thermometer
(1) Centnfuge tubes {v) Capillary p pettes with teate.
(1) Small te t tubes i a Tack (v) Stop watca
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Techmque —Clean a finger or an car Jobe first with alcohol and then with
ether  Puncture sharply and fairly deeply with a blood gun or a icking needle
50 that blood will flow freely without the necessity of squeezng  Discard the fir t
two drops of blood and then fill a capillary tube up to three fourths of its fotal
lenyth wath blood (the capillary tube will fill by capiiary attraction when Tetd
agamst the drop of blood) Note the hime by the stop watch when the blood first
enters the capullaty tube Seal the free ends of the tube mn a flame and put 1t 1n
warm water (37 C)in a beaker Repeat the process with two other tubes notine
the tme of the commencement 1n each Case

After ane mmute take out the first {ube gently break off a portion of the tub.
from one end and repeat this every I, seconds until 2 thin line of unbroken
coagulum 1s seen stretched between the two broken ends mote the time The
difference between the two times by the stop watch 1s the coagulation time  Repeat
the procedure with the other two tubes breakin; them at mtervals of 15 seconds
and find out the coagulation time for each tube

Take the mean of the three readings as the coagulation tume

Normal time mits=1x to 3 runutes -

II  MersOD OF LEE AND WHITE (3ODIFIED) WITH VENOUS BLOOD

Apparatus and veagenls se pured (additional) '

(s} An all glass 5 cem synnge with a needle of farly Jarye bore
() Small parafined test tubes § inch in diameter with rubber corks i & rack
(sn) Normal saline
(w) Hard paraffin i 2 metal or porceain bowl

Prepare a water bath at 37 C  plave the paraffined tubes ready w the bath
1 an upnight position

Collect 5 ¢ cm of blood from 2 vem 1 an all glass syringe immedintely after
washin, 1t out with normal sdine Note the tume by the stop watch when the
blood enters the syringe

Take out the necdle from the synnge and put exactly 1 cem of blood into
each of the three tubes  Cork the tubes with rubber corks and allow them to stand
1 the water bath  Wait for 3 minutes and then every I5 seconds mn rotaton
take a tube and tilt the contents to see if the blood has et Contmue dong this
until the blood 15 found to have set so that the tube can be imverted without spilling
any blood note the time

Normal time limuts=3 {o 6 muputes

be with

saffin tubes —Dlelt some paraffin 1n a clean vessel Place 3 fest tul

a glafs"ipl;’l::l’;f P:mg hgs been p?evxouslg' warmeclh m e {mckkn;;:r cgimzssletegl np.;;‘;{‘ﬁr;
nto the tube up to about iwo thirds of ats

thovg u;:eac‘:ntxl"neel excess paraffin ‘from the. ube mnto the vessel Immerso the ubo ml;‘{

“"‘L?"" t:\\ung cate {hat no water enters the tube when the test tub= 1$ cold there wil

wal

Te & thun coatng of paraffin nside the tube
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Repeat the expeniments with the other two fubes Take the mean of the
three readings  this grves the prothrombin time

Normal=15 to 25 seconds

[More recently we have determuned the prothrombin time n a few cases bv
using Russell viper venom alone and with ovolecithin added to 1t 1 the proportion
Ttecommended by Witts and Hobson {1930)  With ofher workers we have found
that the addition of ovoletithin shortens the coagulation time and the results are
more umform

Normal prothrombin time with ovolecithin=10 to 15 seconds ]

D HLSS CAPILLARY RESISTANCE TLST

Apparatus required

(1) Sphygmomanometer (ni) Hand Jens
{} Stethoscope (1) Skn markmng pen

Place the cuff of a sphygmomanomettr on the arm above the elbow as 1 tahing
the blood pressure

Determune the systolic and dumstolic pressures  telease the pressure  Witn
a skun {or glass) pencil mark any purpurnc spots that thay be present on the forearm

— Rane the pressure to a point midway between the systolic and the diastohc

and mamtamn 1t at this pomt for 5 minutes Remove the armlet and examine the
forearm m a strong hight and 1f veces ary with a hand lens for purpuric spots
(other than those already marked) A positwe re ult indicating decreased capillary
resistance 1s shown by the presence of a number of small fresh purpunc spots
distributed over the foresrm below the pownt at which the armlet was applied

The process should be repeated on the other arm

E CLOT RETRACTION STUDY
When blood coagulates a clot 1s furmed which after a tune contracts and
expresses the serum  the clot itself then shrinks and becomes hard  Retraction
of the clot as it s called vanes directly with the number of platelets m the aircn
lation but 15 independent of the coagulation time  wath 2 low platelet count 60 coo
per c mm or below 1t takes over 24 hours for the clot to separate and the clot 15
soft and fnable

Apparatus required

{) Same as for collecting blood

() Craduate] 1o ¢ cm centnfoge tubes each fitted with & cork having a hole i the
centre

(1) Class rods with flanges about the size of a smlver 4 aona piece half 30 mch from
the end

() Test tube rack

)Methad of Macfarlane —Collect blood from the patient m dry synnge {ride

P I
13
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Solutions requwed
() Sodwum oxalate solution dusolve 134 gm of chemically pure anhydrous sodium
oxalate 1 100 ¢ cm of distilled water

() Calewm chlonds solution  dis olve 0 275 gm of chemicaily pure aihydrous calesum
chlonde 1 100 cent of distilled water Check the strength of the solufon by titration
against silver mtrate solution -

() Thromboplastin solution

Preparation of thromboplasin solution

Satisfactory results will be obtained with exther of the following substances —

(@) Fronr rabbit s bram  Dissolve 03 ccm of dehydrated* rabbit s bramn
m 5 ccm of normal saline contaiming 01 com of sodwm oxalate,
solution mcubate at 45 C for 10 minutes and finally centnifuge at
a low speed for 5 mmutes Pipette off the milky supernatant flud
and keep the solution 1n a cold incubator floating a little toluene
on the top of the olution The solution will keep for more than
a month
(b) From Russell s viper venom Thss ss the method of chosce
A I 1n 20 000 solution of Russell s viper vénom gives a potent thromboplastic
solution In the dried state the venom mamtamns its full potency indefinitely
kept 1n a refngerator with toluene the solution also retams full potency for more
than a month (Iyengar et al 1941)
Techmgue —A slightly modified Quick s method 15 followed —
Put 05 cem of sodum oxalate =olution nto a centnfuge tube
Collect blood 1n a dry synnge (vide p 2) and put 45 ccm into the centrifuge
tube contaming oxalate solutton mix well
Centrifuge until the plasma completely separates carefully pipette of the

supernatant plasma and put 1t into another dry sterlized tube Put exactly
02 ccm of plasma mto each of the three tubes marked A B and C and place

them 1n the water bath at 37 C
Take out one tube at a time and to each add exactly 02 ccm of thrombo
plastin solutfon and 0z cem of calaum ¢hlonde solution
Note the time when the caloum chlonde <olution s added shake gently
keeping the tubes in the water bath and agan note the time when the clot fir t

appears

the blood vessels and then macerate 1 &Il in 3
T meesate. Decant off the acetone add ome fresh
Continue downg this untul
In the dried

Dehydrating the bran ~ Remove all the

rfar Add acetone an
52512-:20 wacerate and agamn decant off the excess of acetone e d
dhe whole thing 1s converted intd granular powder keep i a cold mcuba

State ats actvity 1s retamned for a Jong time
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In different forms of anemia this curve will vary 1o shape 1ts median will
meve to the ni bt or to the Jeft and it may be of the normal heght or flatter than
normal

Thes¢ vanations 1 the curve can be expressed mn figures  The median can be
given 1n terms of micron  but 1t 15 more usual to give the mean corpuscular dia
meter (MCD) also in micron  the flatness of the curve 1s shown by the standard
deviation {o) of the drameters of the cells from the mean dimeter or more accy
rately by the co-efficient of varation (v) and also by the percentage microcytosts
and macrocytosts  These data can all be calculated from the Price Jones cunve

The measurement of cell volume percentage and calculation of the memn
corpuscutar volume (MCV) have been described alreadw (p 29 et seq)
this MCV gives the volume of the cells but not their diameter Further
#1sa mean measurement and from it one gets no 1dea of the range of suze of the
individual cells st 1s therefore more hmited in 1ts apphication than the Price Jones
curve

Neither measurement however alone will give nformatior on the thickness
of the cells but this can be calculated from MCV and MCD  The method of
makin~ these caleulations will be desenbed later

The techmque of the measurement of cell diam ters —The techmuque descnibed
below 15 a modification of Hynes and Martin s method of measurement of red celt
diameters

The wnages of the cell are projected on the vertical ground glass screen of a
Bausch and Lomb euscope at a magmfication of 2 0oo and the measurements
are made with the help of celluloid protractor on which a enes of arcles with
diameters mcreasing by the equisalent of 0 251 have been drawn

Apparatus equ red

() A Bausch and Lomb euscope with projection screen

() A mechamesl feed are lamp with cond nses working 35 am

(1) A glass contan 1 filled with distilled water tor coolng the b am of hght fom th
arc lamp (filter}

(1) A microscope with oil mmersion objective and ey pec to giv a maghification of
2000 on the projection screen of the euscope

(u) A stage micrometer scale (Zeiss) with divisionns 10 apart

(15) A cellulosd cm /mm  scale

{wi) Cellulowd protractor for measunag the cells (v 1)

Prepanng the cellulord P —Ata of 2000 1u o p
to 2z mm and 025« to o5 mm The circles on the protractor are drawn with
drameters mcreasing by the equivalent of 025: (05 mm) 1e the radu of the
circles mncrea e by 0 25 mm  The measurements of the radu of the scries of arcles
ase best obtamed from a diagonal scale drawn to give measurements 1 multiples
of 025 mm
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Put 5 cem of blood mto the centrifuge tube  Put n the cork with the glass
rod passed through the hole m the centre of the cork  See that the flanged end
of the rod 1s near the bottom of

the centrifuge tube (figure 27)

Place the tube in an tpnght
A Rl S position 1n the rack and put the
L4 rack 1nto an incubator at 37 C
Fic 27 —Showing centnfuge tube with glass rod m From  one hour onwards
posttion examime the tube from tme to
tume for clotting
After one hour of clotting remove the clot by drawing out the glass rod (the
clot will adhere to the flanged end of the rod)
Note the amount of flmd 1 the tube
The amount of flmd 1n the tube drided by the amount of blood put m the
tube and multipled by 100 gives the percentage of retraction

Example —Suppose 5 e cm of blood was taken and 3 ccm of faud was Jeft after the
removal of the clot
Retraction =3 x300=60 per cent
Normal retraction =48 to 64 per cent
The clot 15 also examumed for firmuess aad fnabilty

Clot retraction 1s low 1 thrombocytopeme purpura but 15 normal m
haemophlia

18
RED CELL DIAMETERS PRICE-JONES CURVE

Introduction —In the normal blood the red cells are not all exactly of the same
size but in no mstance does the cell size deviate very much from the mean
However i <ome forms of anzma the mean size of the red cells 15 much below the
normal mean 1n others 1t 1s far above 1t But in the latter case there are
nearly always some exceptionally small cells as well so that the picture presented
1s that of cells of a greal range of differe1t sizes This blood picture 15 best pre
sented mn the form of a curve the absut sa bemng the size and the ordinates the
number of times that cells of the particular size have been encountered {1e the
frequency) In the normal count the curve mses sharply from the base lme at
about 60p to a peak at 7 252 and then falls almost to the base line agam at
8504 This graph 15 nsually known as a Price Jones curve In the normal
ndividual the shape of the curve 15 more constant than the mean diameter of the
cells, which m a group of individuals will vary withm but rarely fall outside
the range 67p to 78y

Price Jones caleulated what he called 1deal maximum and mimmum normal
curves (Pnice Jones 1933}
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arca  The magmfication of the apparatus 1> adju ted to be 2000 by using a
suitable oif mmmersion objective and eye pece and varying the length of the
draw fube of the mcrostope  [A Zens microscope with objective g0 and a
Leitz eye prece 15%  with a draw tube longth of 134 mm gives 2 magmfication
of 2 000 on the projection screen of the particular euscope .cd i our laboratory ]

To find the magmification the distance between the smages of two hnes of the
seale 1s measured with the cellalosd om fmm scate and ot a magnfication of 2 oo0
the smages of the hnes of the scale are 2 cm apart {2 e =20 00op)  [3f the
duerent camponents of the apparatus are hept fived after the above adjustments
the measurements can be carmed out wsthout repeating thew adjustments every
time J

Measuring the cells —The micrometer sexle 35 next removed the blood film
stained with a Romapowshy stun and counter stamed with I per cent aqueous
comn solution 1y placed tader the il immersion

objectine and the tmage of the cells i focused on

the gmund glass screen of the euscope  Only those

O @ images of (h» cells that fall wathin the reduced field

are measured  The cellolod protractor with the

sentes of graduated circles 1s sup d on the

@ smace of the corpuscles to find the ascle that fits

the umage of each cell  Each cell 1s measured to the

nearest o235  The mrasurement of arcular cor

T 30 puscles 1> quite easy  In the ease of the trregular

shaped corpu cles a2 eitcle 15 found such that the

area of the corpuscle falling outside the arcle 15 about the same as the area of the

cuce unfilled by the umage of the corpu de (see figure 30)  Fne hundred cells

are measured from ddferent parts of the blood il It 13 better to avord the tad

end and the thick parts of the smear as i the former the cells are excesstely
spread out and n the latter the colls overfap and are not well spread

Recording the sesulis —By this method 500 cells can be measured m about
40 o 90 munufes the time depending on the size of the cells and the degree of
poikliotytosts the larger and more wregilar the cells foe Jonger 1 fhe time
required  An assistant 18 needed to note down the measurements and record the
sumber of cells counted with a countmg machine of the type of 2 Veeder counter

From the figures oblamed the mewn dizmeter standurd devistion and co
efficrent of vamation are calculated A Price-Janes curve 15 drawn by plottig
the figures on graph paper The degree of mcrocy*osts and macrocyioss can
also be determned from this corve by companson with the moximum and
mmgraum sdeal curves the overlapping of a cune beyond the mummum ideat
curve on the low side and the maxsmum curve on the hi,h side indicates the degree
of microcytosss and macrocylosss respect
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The arcles are drawn m Indian wh with very fine bow pen compasses on 2

cellulord sheet with radn increasing from 4 mm to 12 mm by steps of 025 mm

so as fo gne measurements

corresponding to 4u to Ian

Q Q ;:hameter( ertcklles sn;)aﬂer and

arger than the above are

Q Q O Q Q O O Q O O drawn on another sheet The

® o U first sheet 15 generally suff

cient for routmne work the

O O O Q O O Q O second 15 needed very excep-
by N " & om0 ¥ d tionally (se. figure 28)

Assembling  and  adpusting

O @ O O O O O the  apparatus ~Figure 29
i % W ~ v~ shews the euscope with micro
Reduced 1o scope and are lamp assembled

3 ongwal O O O O The concentrated beam of

nze T P ; 5 light from the are lamp cooled

by passage through water 1
the filter 1s focussed on to the
cancave murror of the mucro
scope which reflects 1t through the condenser the objechive and the eye prece
of the microscope The total reflevion prism of the enscope placed aver the
ocular reflects the hight on to the opaque screen of the euscope The condenser
1 fully rared up and with the high power objective turned on a bnght beam
of hght 15 focussed on the
opaque screen  After the
dlummation has been adjusted
the micrometer scale 1s placed
under the obective of the
mucroscope and the mage of
the scale 35 focussed on the
opaque screen first with the
fow power and finally the o1l

immersion objective A final
adjustment of ight 1s made to
grve the maumum llumina

tion The opaque screen 1s
now moved off and the image
1s focussed on to the ground

glass pro ection Screen of the euscope By mowving the muroscope ang/or the
pnsm the 1mage of the scale 15 50 projected that the lines of the scale are vertical

parallel and entirely free from sphencal aberration  at least within an area of
about 4 mches by 3 ches marked out aiound the centre of the viewing screen

Fio 28

Fi1e 29

‘That there 15 no spherical abberation within this area can be shown by noting
that the distances between the smages of the lines are the same 1o all parts of this



RID CFLL DIAMETIRS  PRICL JONFS CURVF 103

Trom the mean corpuscular drmeter (MCD) and the mean corpuscular
volume {tide p 31) the mean corpuscular average thickness (MCAT) can be
calenlated by means of the following formula —

ACy AICY

MCAT= —~p HT( IT‘D)“:"

2

Frample —Let 60 cup be the mean corpusculir volume (MCV) and ¢ s5zp the mean
conuscular drameter (MCD}
hed i
652\
2
- =2
TOGE o

The normal range of MCAT 15 from 17 to 254 (Price Jones Vaughan and
Goddard quoted by Whitby and Brtton 1939}

In otder to calculate the percentages of microcytosss and macrocytosis 1t s
necessary to have ideal mummum and maximum curves for the population in
which the mvestigafions are bemng carnicd out  Price-Jones calculated the ideal
curves for subjects in Great Britan  \working on similar lines we (Napier -Sen
Gupta and Chandra Schar 1941) hate worked out two sumlar curves Two
smoothed curves are shown mn figure 31 and the expected frequency distributions in
the 1Wdeal mummum and maximum curves are given in table XVII

To arnve at the percentage microcytosts and macrocytosis the number of
cells of each size (below 6g«) in evcess of the number of that particular size
that appear 1n the mmumum jdeal eurve are summed th1 number divided by
5 to reduce 1t to a percentage 1s the percentage microcytosts Similatly the
number of cells of each size (above 78;) 101 excess of the number of that particular
size that appeat m the maximum ideal cunve are summs® and diided by 5 to
obtain the percentage macrocytosis (vide table XVII)

Mean corpuscular avesage thickness (MCAT)= —

Normals
\£AN CORPUSCULAR|  STANDARD Devia | Co sFFICIENT oF
Dumber|  piaverer (MCD) TIoN (o) VARKATION (v)
of obser
vations

Max | Vin{ Mean| Mav| Min| Mean[ Max| M| Mean

Lonin (Prce | 100 | 7718 6686 7202 050 0400 0487 730 530| 6326
Jones 1033)

Cal utta (Nap er 25 7750 6937 7344 0613 0341 o0402) &74] 466 6697
Sen Gupta and
Chandra Sekar
1941)
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Vetkod of calculating —The following figures show the method of calculating
the mean cell diameter (MCD) the standard deviation (¢) and the co efficient of
varation (v)

651 the median has been taken as the arbitrary mean

Taste \VI
«| Deviation (d)

Number of of each class

Diameters | corpuscles 1n | from arb mean fxd fxd
i microns each class m o.5x
[63) te the class
interval
525 4 -5 - T 100
550 18 -4 - 72 288
575 34 -3 -1 306
6 00 67 -z - 13f 268
6 5 74 -3 - 74 74
650 107 o - 402 o
675 70 + 1 + 70 70
7 00 50 + 2 + 100 200
725 16 +3 + 138 414
750 18 + 2 + 72 28
775 5 + 5 + 25 15
800 4 + & + 2 144
825 2 + 7 + 14 98
850 1 + 8 + 64
+ 451

S00 + 49 2439

n=total number of observations=sum of frequencies (f}=500

Sfd=sum (S) of the product of the frequencies (f) and the degrees of
deviation (d) from the mean= +49

S fd®=sum of the product of the frequencies (f) and the squares of the
deviations (d?)

Class nterval=o0 25u

Mean corpuscular diameter (MCD)=arbitrary mean + x class m!er\al)

49 _
=65+ (570"”5 )/A—65245u _ o
Standard deviation (‘r)=\F- ;d ~ (3'_:’_‘)’ x class interval= \[ 5_;3;_ (24:90
xoz5p= /4878=(0 008)Ex025u= A/4878—00096x0251= A/4868x025m

=2206x 0252 =0 55I%
73100 _0SS1XI00_g 4 per cent
Co efficent of varation (v)= 3D 6525
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Sigmficance of the findings —1t 15 not possible here to enter 1nto any cxtensne
discussion on the sigmficance of the diferent findings but as a general sule 1t
may be taken that in cases that have 2 high microcytosis percentage and a low
MCV the anenua 13 due to won deficien-y  \When such mrcracytoss 13 assocated
wilh a normal or even a high MCV it means that the cells arc thicher than

- U N H (] (N .
- ™
» v
ot “

» '
“ .

Q” ,
«l .
» »*

» :
- -

L] ¥ ¥ v
Diamcters mm an

Tio 31 ~Ideal maxsmum and minmunt curves based on Indian
data (Napier Sen Gupta and Chandra Sekar 1941)

normal and there 1s 2 tendency to spherocytosis  such 2 condition 15 usually found
n hemolytc anrmuas  Permcious anaemia shows a flat cume with a wide
base usually a high percentage of macrocytes and a few myxrocytes whereas
tropical macrocytic amemia 15 usually 2 sociated with a moderately tall cunve
with an MCD shghtly on the macrocytic side a few macrocytes and probably no
microcytes

1
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Tasre XVII
Trequency distnbutions for Case X Casz Y
v Tyivg EPRET
wdeal 1deal maxi 2 21°%
to_nearest i ax] ; § g . g. B
54 MCD=6 ggn MCD=7 7504‘ v |85 8 gl 4 (8508
=0 4948p T=0 4948 H YE| S 3 1gai¢g
§ (&7 |&E] & (&% |87
— N
400 7 7
4 25’ 2 z
4350 - 1 1 7 Pl
475 ’ o 8 8
500 1 1 22 | 22
523 T T 30 30
50 2 1 43 1 41
575 6 6 38§ 3
goo a 3 56 | a9
625 39 1 131 45 6
6 50 &8 4 12 39
675 93 14 29 41
7 00 99 32 47 3r
.5 82 b1 70 37
750 53 88 50 27
775 27 100 40 9
800 10 88 70 k5t
825 3 61 40 g
8 50 1 32 38 [} 7
875 14 33 31 10
900 4 18 14 3
925 1 16 15 5 4
930 8 E 3 3
975 1 1
1000 2 2
10 25 T 1
10 50 2 2
75 I 1
11 00 - a
1125 1 T
11 50 ]
1175 - °
12 00 T T
So0 73 500 196
Case X
Percentage of microcytosis= 3;;000 = o6 per cent
macrocytosis= 73X 2% =1y § per cent
00
MCD= 7 Jo1p
© go3u
v=11 5 per cent
Case ¥
Percentage of mcrocytosis=: "?45’;0’0“ =388 per cent
macrocytos s= 7;;“" = x4 per cent

MCD= 6 434n
= o7p
=166 per cent
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Hamogghitmation and blasd gronps ~The transfuson of blood yequires the
nse of compatible blood that »» Llood i which the corpuscies of the donor are
not agglubinited or hamoly ¢4 by the plasma of the recspient {the patient) and
the corpuseles of the rerypient are not aggluabmated  of hrmolysed by the plasma
of the donor

The phenomenon of hiemagglutination 1 duc to the fact that these age i the
blood of man »n-trermgglutinogens w the red corpu cles and 1so hemag, Intmins
m the plasmn  there are fwn mun o hemgglutinogens A and B that oceur
30 the 1ed ¢olly and two corresponding agglobmins o (ant A) and 8 {anti B) m the
Mama 1t s possible to drssde mankind into four mamn group according to the
agglutinins and agglutinogens that are Sound sn their plasma and red cefls respec
tnely  Agglutinogens are present i the red cells of on tafant from binh but peorfic
agglotinins only make thew appewrance after some tme  Both jpemase o fifre
up o the 1ge of puberty after wiuch the utre of the agrfutinogens remans
stationaty but that of the agglubmns gradually dummishes and @ sery low i old
age Both the asgluhnogens and 2ggivhmos remais comstant  quabtatiely
thronghout bfe  These four groups are as follows —

Toup Agglutinogens Agglatiuns
{Internat onal m ey celt tlama for strom)
aomenclature}

AD Aanil none

A A B antt )
B n fants Ay
none

and §

- e e e DU A BRLARU T

1t 1 thus the agglutinagens in a person s red cells that give the name to hus
group though by sunple dedection st » possible to ascertma ks group from
the ageluhinims i hig plasma {or srum)  When A agelutinogen (v the red cells)
romes i contact wih a {any A} agghutiin (n the plasma) agglutinaton takes
P SEIRTY SESistmno takiS (HEE when I agslatinogen comes wn contact
»itb B {anhs B} agglutma

3
™ The amngt_gg nt of agelutinagens and ~ggluttning g5 always . such that n any
Sinle Tndividual auto b lotoation will not take place but the fact that m
e human-race HTFC 2te four dificcent groups of indiiduals precludes the wades
cnmnate mixing of blood of ddfcrent mdridatls e pvo  Provided bloods are
of the same group they can usvally be mixed with safety for example graup AB
blood can be given to an AB ndwidual because neither the donor not the recipient
has o (ant A} or 8 (st B) agglutimns m s plasma to act with the A and B
agglutinogens s the red clls and cause agglutmation but AB blood cannot be
gren—to an A indinidual because he will have 8 (antt B) agglutinns i his plasma
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19
BLOOD GROUPING AND BLOOD TRANSFUSION

Historical —After Harvey s discovery of the crculation of the blood Sir
Christopher Wren 1 1650 njected optum beer etc mto the vems of dogs -using
quills as cannule but the first transfusion of blood was given by Richard Lower
m 1665 he transfused blood from one anmal to another of the same species usIng
dogs mostly as his expenmental ammals The credit however for performing
the first transfusion n man 1> usually given to Denys de Montpellier physician
to Lous XIV

After this fransfusion was indiscimunately used as a curative agent 1 all
diseascs and m many cases animals were used as donors  So many deaths followed
this indiscnminate use of transfusion that the operahion was banned by the Royal
Soctety m England and by the Académue de Medecme in France and was con
demned by the Pope as ymmoral Blood transfuston then fell into disuse as a
therapeutic measure for about 150 years being revived m 1818 by James Blundell
an obstetnician m Guy s Hospital ~ For the first e he gave transfusion throngh
a synnge in cases of post partum hazmorrthage and claimed immediate success
He was of the opinion that transfusion by the new technique was a very feastble
operation which after undergomg the usual ordeal of neglect opposition and
nidicule will hereafter be admitted into general practice By this method whole
blood was used for transfuston until 1835 when Bischoff first mtroduced defibn
nated blood for this purpose and showed that 1t was safer as 1t obviated the dangers
of coagulation However the transfusion of both whole and of the defibrmated
blood still resulted 1n death very frequently and 1t was not untit early m the present
century that transfusion of blood was firmly established as a dependable
therapeutic agent In 1900 Landstemer an Austrran biochemst made the crucial
discovery of the presence of 150 agglutimins and 1o aggluhinogens m the blood
On the basis of Landstemer s discovery Jansky a Czechoslovakian and Mos
an Amencan 1ndependently showed (1907 08) that the blood of the human race
belonged to one of four groups—1 II III and IV—with this difference however
that Jansky s groups I and IV corresponded respectively to groups IV and 1 of
Moss groups IT and III being identical 1n the two cases To do away with the
confusion caused by the two different nomenclatures an international committee
of the Health Orgamzation of the League of Nations introduced a smphfied and
rational nomenclature for the four mamn blood groups which they called AB A
B and O The international nomenclature of the blood groups and those of Janshy
and Moss ave shown m the table-below

International Moss Jansky
1 v
,QB i 4
B I m
o w 1

[ SO U
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Wash the red cdls 1n the ertrated sabne tube three tmes with normal saline®
Fmnally make a § per ceat cell suspen ion 1 normal saline

The blood 1n the other tube 1» 2o centnfuged and the clear serum s then
transferred to another labelled tube—this 15 an important detad neglect of which
1s hable to lead to scrious mustakes and 1t mu t be emphasized that such mistakes
may be fatal The name should at the same time be cntered 1n a register and 2
seral number given which should also be written on the label

Apparatus @ d siate sal requr ed—
() hnown high titre  (anti A) and 8 (Wt B) sem}
(4) hoown A an} B celis—washc ] but ot llated
(i} Class shides 3 inchx1 uch
(1) Test tabes 2 x}  pref mbly without bips
(v) Glass pen 1l
{ti) Capdlary pipettes with rubber teats
(¢ ) Small sohd glass rods with a diymeter of Rot more than § mch and with the enls
rounded off
{win) Black an ! white tile (figure 37)
(¥) fland lens
{x) Most chamber (fgure 33} Thi can be prepared by jlacing a piece of filter
paper at the bottom of a pein-dish and keeping it wet with water Two
glass rods of equal calibre are placed across the dameter of the petri<ish about
1 inch apast with a piece of glass rod of a small 1 calibre 1msertek i between
the two long glass rods to keep them apart It 1s then kep covered
{ 0 The unknown washed § per cent red cell su pension 1n normal saline
() The unknown serum

Procedure —To accertain the group of an unknown sample of blood mix the
unknown red cell separately with each known high titre serum which contan
a (ant1 A) and B (anti B) agelutimins respectively wait for a few munutes and

‘The washing of the ted cells is done 1n the following way —Centnfuge the blood
i the eitrated salne tube until the supernatant Bwd s clear carefully pipette off the
supernatant flux] add an equal volume of normal salne centnfuge agamn and agun discard
the superatant fluid  tepeat the process a third tme
t \When doﬁg grouping of blood for th first tume known high itre  and 8 sera
;h)uld be of tamed from any relble mstitution; where blood grouping 15 done as a roatue
rovided the whole proces “13 camed ont with (he s(nctes! aseptic precaution serum kept
sf: aled 1 a refngerator will undergﬂ 00 changes fir a year or more For subsequent use
hgh titre « and £ sera hould be coflected from time th time 10 plenish the stock from
the subjects whose tlood are grouped In places where blood groupmg 1 done only
ov:mmmzlly the groups of the personn | of the latoratory hospital or dispensary shanld
scertained 50 that m an emergeOCy grouping of an u known sampl of blood ea
hea oat w th « ag1 f seta collected from among them even if the agglutinins e nol
present 1 b gh titre
titre serum 1s one which Will agglutinate the appropnate red ¢ Iy 1w a Hlntion
of at Tast 1 1m 10

ITn some countries dried high hitre groupwig sera o and § arc now avatlable  uch
scra are supplied m ler form and ar reconsutated by the additon of sabn  Th
advantage of these 13 that they are easy to send any distance they keep almost md fmutely
and they can be o form solntion

Known A and B ceils mn t always be collected freshly from persons kno n to belong
to A and B groups for even when cCollected aseptically and kept 1 a refng rator the
cell hemolyse 1n a few days and are mot swialle for use There 13 also a danger 1
ung tored cells as hzmagglut nahon has been (mmd o occur when mm cell ~come
1 contact with bactera especully of the coryn bactenum group y be present
m the glassware used in performing the test (Tlo ien s e naggl tination ?’lenumﬂlon)
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which will act with the B agglutinogen 1n the donor s red cells and agglutinate
them to a B individual because of the a agglutinins or to an O mdividual because
he has both « and 8 agglutmmns

On the other hand 1 an O blood there are no agglutinogens so that such a
blood can be given with safety to any person of his own group or as far as the
donor s red cells are concerned o a person of any other group and for this reason
such an mdividual 1s sometimes called a unwersal donor  However m the plasma
of the untversal donor there are agglutimins both o (ant1 A) and B (ant1 B) and these
are capable of acting on the appropriate agglutmogens m the reciprent s red cells
agglutinins are always weaker than the agglutinogens so that n practice 1f the
blood 15 given slowly the agglutmins i the donor s plasma become diluted with
the reciprent s plasma and no agglutmation of the recipient s red cells takes place
unless as sometimes happens the agglutinins are present m exceptionally high
concentration (high titre  1n 32 or higher) a person who has aggluhmn present
m hugh titre 15 known as a dawugerous wmversal donor and his blood should only
be given to an mdmidual of his own group

Now let us consider the position from the pomnt of view of the reciprent

A B and O persons have m therr plasma 8 (antt B} « (ant1 A) and both  and 8
agglutimns  respectively and can therefore recene blood only from persons of
their own groups that 1» persons who have not the correspondmg agglutinogens
i their red cells but an AB person has no agglutimns i his plasma so that he
can receive red cells of any group and consequently an AB person 1s known as a
unersal recipient  however his red cells contam both A and B agglutinogens
and therefore if plasma from an A a B or an O person which happens to contan
a high concentration of agglutinms 15 given his red cells may be agglutinated

For these reasons 1t 1» alnays essential that direct cross matching should be done
before the blood of a umversal donor 15 gven to anyone except a person of his own
group or the blood of anyone except a person of his own group 1s given to a
universal recipient  Further as there are a number of sub groups m the mamn
blood groups—especially 1n groups A and AB and as an extra check agamst
mistakes even when blood 15 given to a person of the same group 1t 15 advisable
except 1n cases of great urgency to do a direct cfoss matching that 1s a matching of
the donor plasma with the reapients red cells and vie versa

A GROUPING

Collection of blood for grouping —Grouping of blood can be done with a drop
of blood obtained by pricking a finger or the ear lobe but it 15 best done with
washed red cells and the result cheched by the cross dentification of the agglutimns
in the serum

Collect about 3 ¢ em of blood aseptically 1n a dry synnge put 2ccm ma dry
labelled test tube and r ccm an another labelled tube contaming 3 to 4 ccm of
aitrated saline (15 per cent sodium atrate m normal salme) Wrile the name and
full descripison of the sndividual on the labels of e tubes
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Wash the red eells 1n the atrated saline tube three times with normal salme*
Finally make 1 5 per cent cell suspension i normal saline

The blood 1 the other tube 15 alo centrifuged and the clear serum s then
transfurred to another labelled tube—this 15 an tmportant detail neglect of which
1» liable to lead to senous mistakes and it must be emphasized that such mistakes
may be fatal The name should at the same time be entered 1 a register and a
seral number gnen which should also be written on the label

Appa atus and 1iaterial required—
(1) hnown high titre = (antt A) and 8 (ant: B) serat
() hnown A anl B ¢ lls—wnashed but not diluted}
(1)) Glas shies 3 inchx1 wnch
(v} Test tubes z x}* preferably without hips
(v} Glass pencit
(1) Capllary pipettes with mulber teats
(v#) Small solil glass rods with a diameter of not more than } mch an) with the enls
rounded off
(vt i) Black and white tile (fgure 32)
%) Hand leas
{x} Maist chimber (figure 33) Tins can be prepared by placing a jiece of filter
paper at the bottom of a petridish and keeging it wet with wawer  Tw)
glass rods of equal caht re are placed across the dwmeter of the pein=di b about
1 1n0ch apart with 4 picce of glass rod of o smaller cabibre wiserted 1n between
the two long lass rods to keep them apart It s then kep covered
(+i) The unknown washed 5 per cent red cell suspen 1on i normal saline
{r ) The gnknown serum

Procedure —To ascertamn the group of an unknown sample of blood mx the
unknown red cells separatcly with cach known high titre serum which contan
a (anh1 A) and 8 (ant1 B) agelutinns respectively wait for a few munutes and

The washing of the red cells 1s done n the following way —Centnifuge the blood

n the citrated saline tube until the supernatant flm] is clear caefully pipette off the
supernatant flud_add an equal volume of normal sal ne centrifuge agam and agun discard
the supernatant fld repeat the process a third tame

t When dong groupig of blood for the first tim  known hghttre and 8 sra
should be obtamed from any reli le institutiom where blood group ng 13 done as a routine
Frovided the who! process 1s carrred ont with the strictest ascptic precantion s rum ket
.ealed 1 a refngerator vl nndergo no changes for a year of more  For subsequent e
high titre and 8 scra should be collected from time to tim  to replerush the tock from
the subjects whose tloods are In places where blood grouping 1s dome only
cceasiosally the groups of the persouncl of the laboratory bo pital of dwpensary should
be ascertained so that sn an emergency grouping of an unknown sample of blood can be
camed out w th o apd # sera collected from am ng them even 1f the agglutmins are not
I resent 1o h gh titre

A high titre serum 13 one which will agglutinate the appropmite red cells 1o a diution
of at least 1 in 10

In some countnes dn d highttr grouping sera arc now av ilable  such
sera are supplied in powder form anl are reconstituted by the addition of salne The
advantage of thesc 15 that they are easy to seni any distance they k ep almost indefintcly
and ;h;y can lx.\ I'x'eur:,lm]:}sl “lllkd to!(ofm a k‘l});per<on:fintmted solut on

nown A aj cell mu t always be collected freshly from persons ki

to A and B groups for even when collected aseptically 7nd kz[ﬂ m a x:?:;‘r::o‘:vh:rl‘xe
cll bamolyss in'a few days and are not sutabl for ue There 13 also a damger m

or whe
in contact with bacteria especially of the corynebactermm ptomd cells come

oup which
mn the glassware used in performing the test (Thomsen s he E;gg})ummhcan ’2‘23’,.3’.335523‘“‘
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then exammne for the presence or absence of agglutination which will indreate
the group of the unknown cell as shown below -

g 32

Evample
o {ants A) serum (from group B){-unknown cells
B {ant: B) serum ({from group A)+-unkmown cells
Gsoup to which vnkmown blood belongs
+denotes agglutimatson
~denotes no agglutthation

o
E 2R I )
W w
29 4.

For cotroboration a further test with the unknows sermm may be made
The unhnown serum 15 muved with known A and B undiluted washed cells when
one of the following combsnations of seaction will occur mdicating the group of
the unknown serum —

Example
Cells of group Atunicuown serum
Cells of gronp B+unkno » serura
Group to which the unknown beloags AB

1
S+ fw
CERTN
or v

Technsque
() Tube method
{a) Test for agglutinogens v the cells  Place the test tubes 2 x}
first and second rows of a specially made rack  With a glass pencil wrte the
lefters ax a2 23 a4 and <o on on the first row of the tubes and the letters
by b2 b3 by and so on on the second ow of the tubes
Put one volume oog ce  of antt A serum mto the tubes on the first row
and one volarte of antt B serum sto the tubes of the second row and one yolume

1 the

of normal salne 1 all the tubes _
The samples of blood o be tested are numbered 1 2 3 4 and so 0B 2

«olame of red cell suspension from each sample of blood 18 put mio the tubes
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bearing wdentical numbers  Tach tube 1s rotated between the palms of the two
hands to mux the contents and 18 capped to prevent evaporation  The tubes are
Lt for two hours

Reading the results —The tubes are picked up one by one the cap s rcmoved
and the tube 1 gently flicked with 1 finger to disperse the cell deposit from the
bottorn of the tube If definite agglutmation 1 not vistble to the naked eye in
any tube the contunts of that tube are (xamincd muroscopically  The result
at recorded as follows *

A Visible io the naked eve

C (complete) Th tmet clump- of eells
YV (viual) Weaker but ditinct clumping
B Seen wnder the mucroscope
++ Very big clumps
+ Smaller clumps
(+) Tess than +  clumps of 8 12 cell
W (Veal) Small clumps of 4-6 cells
? Do defimte clumps

Any reaction less than + 15 unlikely to be due to true hamagglutination
In such cases the cells must be tested again and the diagnosis confirmed by testing
the .crum

(b) Test for agglutimns in serum —The test 15 set up exactly m the same
w1y as for tests for agglutinogens but in place of known anti A and anti B sera
one volume of known A and B celly arc put 1 cach pair of tubes to which 1
added one volume of unknown serum and one volume of saline

The readings are taken aftet 2 hours and recorded as 1 {a) weaker reactions
are more frequent and evena W reaction might be taken as a positive reaction
(1} Shde method (the method of choce}

(a) Test for agglutinogens in ithe cells —Place a clean glass shide lengthwise
on the white portion of the tile in front of you With a glass penell put the
mark across the shide half an inch from the night end of the shde and with
another mark divide the remamning portion of the shide into two equal portions
Wnte the letter a on the upper nght hand corner of the extreme left portion
the Jetter 8 on the upper nght hand corner of the mddle partion and the number
of the unknown sample of blood on the extreme nght hand portion of the shde
{see figure 32)

Place a drop of ant1 A serum on the shde 1n the area marked « and a drop
of anti B serum in the area matked # Place a drop of salme n both the
areas

Rotate the tube containng the unknown cells between the palms of your hands
to get a umform suspension of the cells  Withdraw a Dittle cell suspension with
a pipette and a put <mall drop of 1t by the side of but not m contact with the anti A
serum and another drop by the side of antt B serum  Mix each combination

9 used by the Blood Transfusion R earch Commuttee (appointed by the
Medienl Rasagl‘::h Count);l) have been followed eppo Y
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'
well wvath the glass rod using one end for each and then tilt the shde backwards
and forwards to get an intimate mixture of the cells and the serum Placg the
shdes on the glass rods of the petr dish over the moist filter paper and keep them
covered (see figure 33)

Serumdk  Serum (3 Examine for the pre
sence of agglutination after

10 munutes In most cases
clear cut results are obtaned
(See figure 34) but 1f there 15
any doubt about the presence
of agglutmation examne with
2 hand lens or under a micro
Group A BLoOD scope and record the results
as i the tube method
(b) Test for agglutimns
in the serum —The test with
the unknown serum 1s made
Grour B 8L00D exactly m the same way as for
tests for agglutinogens The
unknown serum s mixed with
known A and B washed cells
and the readings are taken as
Grour 0 BLOOD 1 (4y)
For routme work we
Fig 34 prefer the shde method to the
tube method for only a very
small amount of testing serum 1s required for each test and in most cases
clear cut results are obtamed mn a much shorter time
Pseudo agglutination 1s occasionally seen i certan pathological states In
ation real clumpmg of the cells occurs whereas there 35 only rouleaux
formation of the cells m pseudo agglutination  If there 1s still any doubt add
a drop of saline and shake the preparation gently by tilting the shde backwards
and forwards™ when clump due to h g tion becomes marked but that
due to rouleaux formation will often tend to disappear If there still any doubt
the test should be repeated with a more diuted cell suspenston when clear cut
results will be obtamed
Prozone phenomenon —Very rarely undiluted serum will exhbit a peculiar
mhibitory property and agglutination will not occur but agglutination becomes
quite evident when the serum 15 diluted this 1s known as the prozone phenomenon

Group AB BLO0D

®

O
@O

&
®

B DIRECT CROSS MATCHING BEFORE TRANSFUSION

This should be done not only the first ime but on each occaston that a donor
gives blood to a particular recipient because mstances have occurred when bloods
that were compatible at the time of the first transfusion have on a subsequent

and some 4l tion has resulted

occasion shown a degree of h
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Teckmgue —One drop of 5 per cent washed cell suspension of the donor s
plared by the side of one drop of the serum of the recipient in oue section of the
hde and 1n the other one drop of serum of the donor by the side of one drop of
5 per cent washed cell suspension of the recipient  Each pair 15 mixed as in the
ongnal grouping procedure and wn due course the two muxtures are exarmmed
for ag lutination  1f 1 nesther case there 15 any agglutimation thi confirms the
fact that the blood are compatible

20
TRANSFUSION
Sources of blood

Donor s blood—~Healthy adults upto 50 years of age can donate 250 to
500 cem of blood at a time once every two or three months according to the
constitution of the donor

Placental blood —1It has been supgested that the blood left i the placenta at
dehvery should be utilized for transfusion  Not only 15 1t very difficult to ensure
the sterflity of this blood but amy procedure that encourages the deprisation of
the mfant of cven a drachm of the blood that s 1ts due 15 1n our opmion an imtnoral
one  Moreover the blood collected from a single placenta s qute nsufficient
even for a sl tran fusion and 13 therefore not of great practical valuey

Cadaver blood —This has been used m Russa and 1n certam special
arcumstances the vhhization of the blood of a body that has no further use for
1t seems jqustifiable  In a bot chmate the difficulties wonld be .o great that the
wmethod need not be discussed here

Transfusion of different elements of blood

T Whole blood —Whole blood which acts as a complete tesue graft
idea for transfusion where all the efements of blood are required The whole
operation of withdravang and transfusing the requisite amount of blood must be
completed within 3 minutes as otherwise the blood will clot 1 the synnge  The
transfusion therefore has to be pnen very rapidly which may not be adwisable
Fren then the transfusion of whole blood demands a special apparatus or a team
of tramed workers with considerable dextenty when the ordinary synnge 1s used
For 1t 1s seldom practicable to use a synnge larger than 50 ccm and of these
three will be required  one to withdraw the blood and one to give st and the third
one being washed out with stenle citrate saline and kept ready for use agamn

2 Blood to which some anti coagulant has been added

(i) Citrated blood.—As an anticoagulant varous strengths of sodum oitrate
from 2§ per cent to 38 per cent have been suggested the final strength of
the sodm citrate 1n these muxtures 15 from 038 per cent to 05 per cent  We
prefer to use 38 per cent sodium atrate amving at a final dilution of 038 per
cent  with this strenath the diution of the blood 15 not great and st 15 easy to
calcalate the amount of sodium citrate solution requred viz 10 ccm  for each
100 ¢ cm of the mixture

IS5
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Citrated blood can be used mmmediately or 1t collected with certain
Precautions 1t may be preserved* mn a refrigerator between 4 to 6 C and used
later ten days 1s usually considered the maximum safe storage time

A great advantage 1 using aitrated blood 15 that the time factor i ummportant
The flow can be regulated and if Tecessary 1t can be given by the dnp method
Transfusion of citrated blood 15 however often followed by a muld reaction

(1) The use of hepann as an ants coagulant

(a) In witro heparm may be used i place of sodum citrate solution 4 mg
for each 100 ¢ em of blood 15 recommended the high cost af hepann lmits
1ts use

(6) In vrwvo 1 mg per hilogram body weight 15 grven mtravenously to the
donor  After the mjection the coagulation time 15 greatly lengthened although
this relative incoagulability of the blood persists for 30 to 60 mmnutes or more
1t 15 recommended that the blood be collected from the donor 7 minutes after
the mjection that the transfusion be given through a wide bore needle and that
1t be completed within 15 minutes  Injection of such a blood 15 not mjurious to
the patient in any way and does not alter the coagulation time of his blood

Transfusion by ths method can be given with a 50 or 2 T00 ccm syringe
and no spectal apparatus 15 required

3 Plasma or Serum

Plasma —If the catrated blood 15 allowed to stand undisturbed mn the
refrigerator the corpuscles completely settle to the bottom of the bottle in two
or three days time and leave the clear plasma at the top The plasma can now
be pipetted off without disturbing the corpuscles at the bottom

Serum —1If blood 1s collected without the addition of any anti coagulant
the serum separates out 1n about 24 hours The serum can now be pipetted off
without disturbing the clot

Thus separated the plasma or serum after being filtered can be used at once
stored 1 a refngerator for future use or dried by varous processes and Jater
redissolved and used  The great advantages of dried plasma or serum are reduction
1 bulk and ease of storage as 1t 15 not mecessary to keep dred plasma or serum
m the cold Properly dried plasma or serum can be u ed for at least two years
from the date of 1ts collection Transfusion of plasma or serum 1s not usually
attended with any reacton it does pot transmmt malara and groupmg of the
blood 15 made unnecessary 1f the blood of several persons of different groups
1s muxed before or even after the plasma or serum 1s eparated They are 1deal
therapeutic agents to combat shock and are being very extenstvely used 1o the
war as therr small bulh facilitates transport

4  Resuspended Corpuscles —The d p t at the
bottom of the bottle aiter the plasma 1s <eparated off can be used for transfusion
i suttable cases of anemiz  According to holmer (1940) these red cells can be

. g P 5 (Mollison and Young 1941) for storel
blood —
trate 1 cent 185 ccm
Sodum citrate 3 per cen s com

2] 0 per cent
o B oo Gem of blood to be taken
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used with satisfactory results up to about eght days after which therr oxygen
carrying  capacity and other properties begin to dimimish gradually  The
concentrated red corpuscles are diluted with glucose saline—to eich 400 cem
of sedimented red cells 50 ¢ em of 11 per cent sahne with 4 5 grammes of glucose
1s added so that the final strength of the glucose in the mxture 1 10 per cent
The chances of a reaction folk the transf of the « d red cells
will be reduced 1f the leucocytes and platelets which form a white laver on the
top of the red cells are discarded and f the mixture 1s filtered before administration
{Macquaide and Mollison 1940)

5 Defibninated blood —The use of defibninated blood 15 now almost obsolete
for the process of defibrination removes many vital properties of the blood and
also renders 1t more toxic

Indwcations for transfusion

T After acute hamorrhage —To mike good loss su ttined by an acute
hzmorthage the transfusion of whole or citrated blood either presenved or fresh
15 the most effective  The amount to be transfu ed will be dependent on the
amount lost but anything less than 500 ¢ em 15 unlikely to be effective

2 Shock —From whatever causes In shock without hemorrhage plasma
or serum ts better than whole blood two or more litres may be nece sary

In shoch with hxmorthag n addition to plasma or scrum transfu ton of
ctrated blood 300 to 500 cem  depending on the amount lost should also be
given

3 As a prophylactic measure aganst shock —In weak or ewvsanpumated
patients even 1f their di would not ordwnarily demand transf th
is often a very valuable procedure to preparc them for a surgical or obstetnc
operation  blood or plasma 15 grven according to the blood state of the patient

In anama —Blood transfusion 15 wndicated to replace blood lost by
hxmorrhage or destroyed by other processes to maintain life i the case of aplastic
anzmia and/or to stimulate blood formation Whole blood atrated bloed or
resuspended corpuscles can he used In anxmia repeated small transfusions of
300 to 400 ccm are usnally better than a single big tran fusion of say
1000 ccm  m erther case slow ad tion 1» to be

5 For supplymg other defiit elements iz platelets n thrombocy topcnic
purpura leucocytes i agranulocytosts or fibrin i some cases of clotting deficiency
transfusion of whole blood will sometimes be effective

6 For g fovns or g passiie —This 5 a
procedure that was at one time in fatour particularly m Amenca  the bloods
of convalescents or of others who had recened mjections m qrder to raie the
antitoxic value of their blood or to produce active immumty were used as specific
transfusions 1n certain cases However the new chemotherapeutic agent
ntroduced in the last few years have put this procedure wmnto the background
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‘Techmgue of collection and transfuston of blood
Apparatus and solubions requsred

(1) Sphygmomanometer

(s} Stethoscope

() Bottle for collection of blood (figure 35) *

(1) Standard bottle for collection and transfusion of blood (Fig 36) ¥

1(v) Potam s aspirator or a Higginson s syringe -

(v7) Glass container with an opening at the bottom to serve as a reservorr for the blood
(Fig 37)

{v) Two moderate size serum synnge needles 1 a beaker contamng hquid paraffia
and a switable adapter (figure 36) It 15 better to have two sizes as a smaller
bore 1 required for mving than for drawing blood

{vs) Rubber pressure tubmg

(s7) Surgical silk thread

(%) Pair of scissors

(ri) Two enamel bowls

{zn) Lufter

(#1%) Drum of sferilized dressings and towels

(¥sv} Thermometer

(v} Rubber cloth

(¥vi) Measuning cylnder

{xvnj Examnation couch or easy char for the donor

(vvsi) 38 per cent sodmm citrate solution and nommal saline both freshly prepared
with pyrogenfreet distiled water and stertized

(%1%} Tincture of todme

(¥x) Timcture of benzom

{xxi) Absofute alcohol

(xx3) Bowl of antiseptic lotion

(xx11i) Glass of water or some beverage to any tempe psy shock
expenenced by the donor
Addstional apparatus if the transf ss gven by the open method

) A splat to mmobilize the Tunb m which th transu 1on 15 given

* A Potains aspirating bottle makes a very useful receptacle for taling biood trom
a donor  Pieces of pressure tubing are attached to the inlet and outlet taps to the other
end of the nlet tube a record adapter 1s inserted ready to receive the needle and the
other end of the outlet tube 13 attached to the Potamn s synnge As an extra precauton
to prevent micro-organisms passg nto the bottle dunng the back stroke of th Potamn
aspirator a piece of glass tubing contanmg a plug of stenle cotton wool may be Inserted
m the length of the pressure tubing

The Potam s aspmatmg bottle 1s graduated on its outer surface so that the amount
of blood collected can be seen at a glance

The jomts taps etc must be absolutely air tight

*There ate many standardized bottles mow wm se which can be used for collectng
storng and gwving blood without transfernng it the chances of contammation are thus
reduced to a mmmum  The bottles are so made that for gving blood = transfusion 1ube
with filter 1s wnserted and 15 hung in_an mverted postion Such a bottle 18 descrbed
by Bail v (1940) (figure 38) Ses also Hayes o al (1941)

+ Water may be made pyrogen free i the following way —

Ia a clean glass stll redishl some freshly distiled water to which a little sulphuric
acsd and one of two crystals of potassium permanganate have been added to give it a famt
piok colour  If dunog the process of distillation the pk colour disappears from the waler
1n the still a hitle more sulphunc acid and potassum permanganate must be added

The dstilate s collected i a closed glass flask which has been previou ly preparel
by rinsug first with & solution of potasstam bichromate aud sulphunc acxd thel washung
out first with distilled water and then with pyrogen free water and finally stenlized by
autodlaving o free water 18 sterthzed 1 an autoclave and may be used for about three
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() Dis ecting struments vir sealpel scissory probe forceps and ag unsm need]
() Stenlized silkc
(v) Curved needlo and silkworm gut

Selection of donors

Strong healthy persons between the ages of 20 and 45 are the best donors
The donor must be free from any nfectious disease and his blood must always
be examimed for syphulis (Wasserminn or hahn reaction) He should be questioned
about allergic manifestations ¢ g asthma urticana etc  as a-temporary sensitivity
to allrgens may be transmitted through transfusion  Malana i a donor 1s a
<pecral danger in this country especially 1f the recipient has never had malara

Preferably the donor should be of the same group as the recipient but a
safe unnersal donor group O (tsde p 308) may be used for giving bloed to
people of all four groups and a unnversal recipient (group AB) may recerve blood
from donors of all four groups The following table shows the groups of suitable
donors for different recipients —

1 recipicnt belongs to  Donor may be of
group group

t

AB AB A B or O
A i AeorO
B BorO

‘ o o

In alt cases the cells and serum of the recipient must be cross matched with
the serum and cells of the sclected donor even when the recipient and the donor
are of the same group  After 1 transfusion this cross matching of blood between
the donor and the recipient must always be done agam before another transfusion
1s gnen because the previous transfusion may produce some change 1n the blood
of the recipient which will render 1t incompatible with the blood of a donor whose
blood was found to be suitable before a transfusion was given

The same donor must never be used for the same recipient after an interval
of more than ten days after the last transfusion on account of the dangers of
anaphylactic Iike reactions that have been reported

A healthy donor of average size can given 500 ¢ cm of blood once a month
without any detrimental effect to his health  After such bloodletting 1t takes seven
days to make good the loss of blood but the compensatory mechamsms of the
body are so efficient that whilst this deficit 1s being made up the donor will not
be conscious of the loss in any way and will be capable of performing Ius full
day s work as usmal

Collection of blood

The donor should 1f possible fast for 2 to 3 hours before the blood 1s taken
because some articles of diet though mnocuous to the donor may produce allesgic
symptoms 1 the recipient
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The donor should be made to lie comfortably on the couch and there should
be sufficient light on the selected arm A sheet of rubber cloth <hould be placed
under the arm

(1) Collection 1n a Polam s aspwating bottle (fig 35)

Put the requisite amount of 38 per cent sodium aitrate solution (0 ccm for
90 ccm of blood to be taken or for every 100 c cm of the Tixture) 1n the bottle
from which the air 15 now partially exhausted
by pumping with a Potamn s asprator syrnge
or with a reversed Higgmson s synnge if the
former 15 not available Fit a mneedle of
medium calibre on to the tube attached to the
inlet tap and test the negative pressure m the
bottle by immersing the needle m stenlzed
saline and partally opeming the stop cock 1n
= the mlet tap when the saline will be
Fig 35 —Pomm s aspiratmg bottle  Sucked nto the bottle The bottle 15 now

used fo- recetvang blord ready for use

In the meantime an assistant has taken the systolic and duastolic Ppressures
of the donor The skin over the vein 15 stenhized with 10dmne and then swabbed
with alcohol to remove the stamn of the 1odine Raiwe the pressure to about the
level of the systolic readings puncture the veir with the needle* and when it 1
m the vemn open the stop cock m the mlet tap and lower the pressure to about
the level of the diastolic reading when the blood will flow freely into the bottle
The bottle 1s shaken gently so that the blood mixes thoroughly with the citrate
solution and does not clot  When the requisite amount of blood has been collected
let out the arr from the sphygmomanometer close the stop-coch and then take
out the needle from the vem Apply digital
pressure over the puncture for a minute or two
seal with tincture of benzom apply a stenle
dresstng and put on a firm bandage

(1) Collection 1n a standard bottle (fig 36)

Put the requisite amount of sodum cifrate
solution (V' § ) or if the blood 1s to be stored a
mixture of sodium citrate and glucose (p 112) ‘ @
m the bottle With the cap lightly fitted the
bottle with the solutton 1s stemlized in an Fig 36
autoclave When still very hot bring out the lec‘fnl:’i o‘fa‘ﬁf’“‘? 3'2;1-{’,?;‘:9 c‘_f;":“ﬁ,
bottle from the sterihzer and screw the €ap 3 piece of rubber mside
tightly Thus will produce 2 quite good vacuum  CT—The collecting tube  with

needles N for the dosor and N for
1n the bottle The bottle 15 now ready for Use (he bottle

@ s not promiuent or the operator s iexpertenced 1t 15 not advisable for

him t? Qfé;;l to punchre the vem with the needle alone but to attach it 1o a synnge
little blood 19 drawn mta the syrnge to make certam that the neelle 1s in the vemn the
2 mnge detached from the needle to which the adapter in the end of the collecting

symnge 15 then i e seeker which 15 sometimes recommended achieves much

tube 15 quickly fitted
the same end -
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Now proceed as in (1) using the collecting tube (fir, 36) 1n plice of the
tube attached to the inlet tube of the Potains bottle  Tuncture the vein with
the needle (N,) 2ttachad to one end of the collecting tube and whenitisint'n
vewn prerce the rubber through one of the two holes i the eap of the bottle
(fi. 30) with the stout necdle (\,) attached at the other end of the tube when
the blood will flow freely mto the bottle  When the requisite amount of blood
has been eollected let out the air from the sphy pinomanometer and take out
the needle from the vemn  Seal and dress the puncture

After the collection of the hlood mve the donor & drmh of cold water or
mlh or if the denor shows any si,ns of psychological shock some stunulart
e, sal volatile or some suitable form of aleohol

Transfusion of blood

Make eertain thit all the apparatns for transfusien 15 retdy and sterslize 1
hefore starting the operation ¥ or the method of sterihizing, the different parts
see below

Seleet o good vem and arran.e the patint comfortebiy on the bed with huy
arm restin, on 2 pilow covered with rubber eloth

(1) Transfusion with the ordinary apparatus (fg 37)

Sterihize your kands and fit one end of 1 prece of sterihized rubber tubmn,,
to the bottom of the glass reservoir A record adapter to which s fitted 4 needle
of small bore ss now firmly fitted to 2 narrow tube
about 2 mches long,  the other end of this tube 1
fitted by means of a plass connection to the enl
of the long rubber tube attached to the L11<8 reser
aoir (figure 37)  The glass and the rubler connee
tions the rubber tubing, with the reservoir glass
tubing and the 2dapter 1re now firmly tred wath
silk If the transfuston 1s to be given very slowly
the dnp appiratus 1s mcorporated at about the
middle of the long rubber tube attiched to the
plass reservorr To the rubber tube a hittle above
the drip apparatus 13 attiched a pmch eoek to
regulate the flow of the transfused flmd

Wash out the apparatus hy pouring sterthzed
normal saline mto the reservorr drive out the awr
bubbles m the tube by squeczing, the rubber tubing

and see that the salime flows freely through the
necdle, lewving a hittle about 10 em of sihine m N
the glass reservoir but when a drip apparatus 1s

used manrpulate the mnck cock above 1t so that :‘lg ‘31.—Trnnslb|'|! on appara
us for
the saline flows only n drops throu.k the drip  wiey ﬂng“:l':‘;v f:i-?]l :;.,::,L?.,,
apparatus and consequently also at the same rate ""’ Ort’? ated hm the tube (m
14 figure the length of the
throuph the needle at the estrume end tul) g bet een the drp feed
The shm over the selected vein 13 stershizel '\L“‘ the ne Ile 15 shorter than
with tincture of 1odine and an assistant applies ‘¢ “°Ud bo 12 practice)

pressure with one hand just above the gelected vein i order to make
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The operator now punctures the vein with 1 success

ful puncture the blood trom the patient wall flon hack mto the glass tubin,. but,
when the pressure ahove the vern 15 1eleased the flow 15 therebs reversed and
the saline will pass into the vem  (As m the c1ne of the donor the puncture may

A
2

Yig 85

The  tanlud Lottlc ait
1l wath trn fuan out
nt

17 - lulct tube for e
F—Pilter  for bl >1 muh

Toll
the filter i jo shon

C—Tubber otk yhih ht
anta the mt uth | the
hotth

I T—Trwsfusicn tul,

Sy ok

D_Dup feed 1f1 \ritu

first he made with the necdle attached to 4 sma'l
sytmae 4 Dttle blood withdriwn the syringe
detrehed from the needle nd the adapter at tha
end ot the rubber tubin,, from the resertvorr fitted
to the needle } When 1t s seen that the <alme 18
P, mto the vem the cityated blood m the
Vottle 15 .ent)y shiken and then poured into the
olasy teseryon throu h 2 few lavers of stertlized
s2u-¢ pliced on the top of it When most of the
blood has been ,1ven « hittle wirm saline 15 added
to wash out the 1esidual blood m the 1eservorr and
the tube the needlc 15 taken vut nd for 2 mmute
01 52 pressure 1 apphed to the punctue whicn
15 then sedad with tineture of henzom and a
banda.e applied o er a stenle dressing,
{u) Transfusion with the standard apparatus (fig 28)
When stored Mood 1s used, the tentpen tture 1y
slowly tused to 3720 by puttne ¢ the bottle wit
the blood tn 1 vessel eontamm,s hot water the
tempctature ot which must not be very b When
the temperature has been rai to 2bout 37°C th.
cap 1s tthen out and the transtusion outfit s fitted
mto the bottle—the outer rubber eork will fit i
nicely mto the mouth ot the hottle but w an (xti
preewtion the co1l 15 kept fixed to the ned ot
the nottle with adhesive phister
The bottle 15 now inverte d and with 1 Irttlemant
pulation 1 continuous colun n of blood without
my aiz mtbhle w nade to Aill up the whole len
of the tube  The pmcheock above the drp ap
paritas 1s nowmprlited so thit the blood flows m
dtops throu b the dup sppuites Fhe vem s
pun tuted and the 1ate of flow 1s requlated by

1|la111plﬁ|t1011 of the pinchcock  When all the blood ks been otven the necdic
15 taken out and the punctuie sealed as m (3}

Rate of transfusion

The 14te 2t which blood 1s transiused will depend entirely on the a cumstmes
In 1 case of acute ind se1zous Blood loss a rapid f1ansfusion 13 ndecated 200 ¢ cnt

beng rven m 10 to 1> nimutes but

mchrome conditions espectilly easesofseva

anemia the drip feed method by which 1eem per pound weight of paticat pet
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hour 15 gnen or an even slower rate in “hxch 1t tahes 24 hours to gie 500 ¢ cm
1n preferable

The open method —The tran fusion by the closed method 15 possible m all
but extremely debilitated patients with very low blood pressure and collapsed
veins in those cases tran fusion by the open method 1» resorted to

The vem used for open transfusion 15 subsequently hgatured and for
that reacon and on account of the greater comemence of heepmg the leg
wmmobilized for a long time the great saphenous sein 1s usually chosen  The leg
15 immobitized with a splint the vein 1s opencd and a Rogers cannula which 15
u ed 1 place of the ordinary necdle 1> imsetted tnto the vesn  The cannula > hept
in position With adhewve plaster  With this technique blood can be guen by the
dnp method at 1 very slow rate over a long period 24 hours or more withont tinng
the patient or interfening senously with his movements in bed

Cleamng of the apparatus

As soon as the transfusion 1s fiished <eparute all the parts of the apparatus
wash in tap water and soak tn water for <everal hours

The dhfferent parts are then cleaned i the following way —

Bottles —Thoroughly scrub the inside of the bottle with a stiff test tube brush
wash 1 hot water

Meedles —Clean with stillete wa h with hydrogen perouide and then with
duotdled water dry i alcohol and ether and keep in a vessel contanng hquid
paraffin

Other parts —Thoroughly clean all the parts of any estige of blood with water
using a stiff wire for the rubber tubing  Next wash with dilute <olution of soap
and rinse m water to remose the soap  Place all the parts 1n a large pan containing
o1 per cent NaoH and boil for 5 minutes  Transfer to another bowl and wash
first with i tilled water and finally with pyrogen free water Allow to dry
re assemble thet different parts and pack for stenlsing

Stenhzation
(§) The different parts of the transfusion set packed m a cloth bag and the
glasswares e g bottle for collection of blood and the glass reserionr for transfused
blood are steniized m an antoclave at 1zo C for half an hour
Dressings are also sterthized i the same way
{19) Needles—by boiling in hquid paraffin for about 1o mputes
(i) Cutting instruments—n strong lysol lotion and washing i stenhzed
distilled water before use
Reactions afler transfusions
Transfusion of aitrated blood 15 very often accompanied by lght reactions
which are due to p; present i the apparatus and n
the distilled water used for prep;mng solutions  There 15 seldom any reaction after
transfusion of plasma alone
16




H EMATOLOGICAL TECHNIQUE
Reactions after fransfusion may be divided mto three groups —

(i) due to defects in the donor

(#6) due to techmeal causes and

(1} due to autogenous causes 1 the recipient
These reactions will therefore to some extent be avoided by

(2} careful selection of donors particularly avording allergic subjects

(i) followmng carefully the mstructions given above and gwing particular
attention to the following—washing all the apparatus with pyrogenfree normal or
cttrated saline so that no trace of distilled water 1 left m any of them and avordng
excessive shaking overheating and rapid admimstration of the blood and

(1) tahing action according to the circumstances as follows —

Aost

g causes sn the reciprent Remeds s
(@) Susceptibility of the patent Lower the head end of the bed cover
to shock with blanket and apply heat to the extrem

ities  If requred 05 cecm  of adrenaln
chlonide may be gnen hypodermically -

(b) Allergy Adrenalm chloride 0 5 ¢ cm  hypoderm
wally caleum by the mouth and by wjec
tion and calanune lotion locally mn the
case of urticaria

(¢) Lysis of recpients blood An alkalne mxture should be tahen
(generally seen in cases of before the transfusion and the transfusion
hazemolytic anzma) should be grven very slowly

Still another kind of reaction may occur m a Small number of cases due to
the difference 1n the Rh agglutmogen i the reciprent and the donor It has now
been defintely established that even when the donor and the recipient belong to
the same ABO group lysis of the donor s blood may occur after the second and/or
subsequent transfusions if the recipiéit i REhegit e~and-the~donors zre Rh
poSifive” Symptoms simulitg ~thoss “sten~after—a msmatched ~transhuson—eg=
respiratory distfess pain in the back vomitng may appear withil a Tew minutes
and later blood may appear in the urme If the symptoms appear donng the
course of a_transfusion the transfusion shggg"ﬁe“j@ﬁmn &Il su
cases every effort must be made fo alkahmse_the Unne an{?ﬁ“ﬁ_ﬁl‘oﬁmp‘e
diuresis by administratiori of Big dofes of Sodmm citrate e g Wo «]rachT> at once
and one ounce durng the foll 24 hours -and EnFi ’1“”‘5’?"5:—??;;“%:3 t‘;
tee of blood pigments  Tn very severe cases 150 € ¢ ol 3 per cen um cf
go\ihun shoulljdgn;)e gnen'mt?aven&x__sly at_once. _Whch s to b.B., Tollowed by
450 c ¢ of 3 per cent Sodum citrate ‘°’g‘§":'£$55 \L"):h 24;:2):%’5 31“_5 Eewx::egt

4 given-iery slowly by dnp dunng’ the next 23 1
gluco;:o;r;t EX&HS[UST;?I of 200 300 ¢ cm of compatible blood from Rh_negative |
donor 15°Teported to grve excellent iesglts y
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21
THE INVESTIGATION OF A CASE AND THE REPORTING
QF RESULTS

The question thit we are frequently asked 15 what do you consder the
mumum examiaations that should be cammed out m a case of amemia®\ Ve
should be forced to reply that with the exception of thowe m section 7 which
apply pachenlardy o homorchagie diseases of Jeast alf the ecamations that

bave been described m this hite book should be made for the proper msestigation
of a caee

In actual practce nearly aff the blood exammations ean be carred out
from a single pecsmen of blood and do not take a good techmician more than an
hour if the Prce Jones cune » ewlided A cerfan amount of tume can be
sased by omnting the Ameth count the fraghty test asd the epumeration of
thromboceytes as there are many Greumstances m which these tests will gne
httle formation of practical valwe  This lewves the hiemoglobin estimation  the
total red and white cell counts the reticufocste count ol 1olume percentage

tmat; ) and sexd rate 1an den Derghs reacton and
whie cell differential count to be done 35 a mummum joutine procedure
n ey case

“The findings will mdieate whether these should be suppl
Sternal puncture gives very valvable additionsl anformaton  but 3t must not be
considercd as 3 <hort cut to diagnosis for it will eldom be of any value without a
complete blood count and further the sdenhification of the varous celly 18 2 teny
shafled work that necessitates considerable experience

These il be occasions when electne cvrrent 1s not asaidable and w
these ercutmstances it wall not be possible to estimate the cell volume percentage
satisfactorily  The mean corpuscular bamoglobin (MCH) howerer usmally runs
more-ur less parallel with the mean corpuscular volume {(MCV) and st »ill be
advisable 1o Lase the dugnosis on the mewn corpuscular hemoglobm alone  The
deternunation of the eell dumeter by chmeal halometres though wery easy and
smple 5 18 our opinios very maccurate specially m pathological condittons and
should never be employed

The wnclusion of the erythrocyte sedumentation rate (ESR) in the sumimum
procedures might be qguestioned but 1f a Wintrobe s tube i used for cell 1olume
estmation the ESR requires no additional apparatus and entatls no extra labour
except the taking of a reading at the«nd of an hour and the wnformaton 1t gives
1> often useful

Gastrie analysis 1 unportant when the question of perniciots anxmia arses
and 1 some cases of mucrocytie anzmia of doubtiul axtiology but except 1 these
cases and 2s 2 general procedure in imvestigating the funchion of the gastro
miestinal tract dysfunction of which 15 so often an xyclogweal factor 1 apamn
in Inda we would pot give it a hgh place m the order of inportance i the
myestigation of cases of anemia 1 this counfry unless there are associated
gastro-mtestinal symptoms
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For the complete investigation of the @tological factors many other examina
tions will have to be carried out e g the unne for albumm blood and ova the
stools for protozoa helminths and pathogemic bacter:m for fat content and for
the presence of occult blood and the blood for malara aldehyde test blood
grouping  the Wassermann reaction cholesterol albumin/globulin ratio etc

Controlling progress —L. will usually dictate how often blood
examimnations should be carried out dunng treatment but there are certam pornts
which we will consider here

In the first place when a Lenously 1ll patient 1s admitted nto hospital he 15
often suffermg from some degree of haxmo concentration and a second examnation
made a few days after admission may show a marked drop m hamoglobin
percentage whereas the patient s condiion may have unproved considerably If
allowance 15 not made for thuis fact the effect of the first treatment that 1s
guen may be misjudged and we have always adopted the practice of making a
second examination before prescribing specific treatment (except m urgent cases
where an drate blood transf; 1s indicated)

Further there are many nutritional anzmias 1n India 1n which there 1s a steady
mmprovement directly the patient 15 put to bed and given a good diet  Allowance
must also be made for this fact 1if the value of any special form of treatment 1s
being estimated and 1n such circumstances at least two wecks of rest and diet
should be alloned before the specfic treatment 15 started ~

1 1ob

We makhe a practice of repeating the blood
percentage red cell count reticutocytes cell volume percentage van den Berghs
reaction and ESR and exammation of the film for abnormal cells once a weeh
or earher if a set back 1s suspected or if the treatment 15 to be changed In
special cases other examunations such as the platelet and leucocyte counts afe
also repeated

When any speafic form of treatment 15 gen a reticulocyte count 1s done daly
from the 4th until about the 12th day or m a case where there 1s a reticalocyte
cnsis until the reticulocyte percentage has fallen to 1its previous level

The phinted forms that we use m the School are shown belgw There 1s quite
possibly room for mprovement m these forms and we have modified them from
time to tme but we find that without bemng cumbersome they are sufficient for
our purpose

Foym 1 1s the ordmary report form which 1s sent to the ward and attached
to the notes size 8} by 6} inches

Form 2 1s the sternal puncture report form sumilarly sent to the ward and
attached to the notes a résume of this 15 entered on the reverse of form 3 suze 8%
by 5% wches

Form 3 1s.the card which we keep 1 the laboratory ~ The important data 03
winch progress 15 judged are entered on the face of the card and other dat; a,r;
records of examination that are not wsually repeated on the reverse size 1 by

63 nches—shiff card
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FORM 1

sTV AN TMIA DEFT

BLOOD REPORT

Aa Sex Age Rod Bed
Hamaglabey gm per soo cem
Red blood elis s ©mm

Reticulocy tes per cent
Cell volume frer cent

Mean corp wolume can

Mean corp hzmoglobm "

Mean corp hameoglobin cone per cent
i hete Blood eels per ¢ mm

per zent pet ¢ mm

Neutrophsls

Lymphocytes

Monocytes

Eosinophils

Basophudy

Amethcount I 11 I I %V Voghted mean  Blood groxp
Abnormal ¢ells

Platetets— pet ¢ mm

Coagulat on ts B e ng tnme

I apiity of ved celts P oth ombim ¢ me
Capulla y vesstancs Lest

Sedr wtation  fObserved
ate (& hour) Carrected——

Enrect

Van den Bergh's test mg per oo ¢ ek
Sodurect

Opuon

Date
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For the complete mvestigation of the ztiological factors many other examma
tions will have to be carried out e g the urme for albumm blood and ova the
stools for protozoa helminths and pathogemic bacterra for fat content and for
the presence of occult blood and the blood for malara aldehyde fest blood
grouping  the Wassermann reaction cholesterol albumin /globulin ratio etc

Controlling progress —Circumstances will usually dwtate how often blood
exammations should be carned out duning treatment but there are certamn pants
which we will consider here

In the first place when a seriously 1l patient > admitted mto hospital he 1
often suffering from some degree of hamo concentration and a second examination
made a few days after admission may show a marked drop mn hzmoglobin
percentage whereas the patient s ditton may have mmp d derably If
allowance 1> not made for this fact the effect of the first treatment that 1s
given may be misjudged and we have always adopted the practice of makmg a
second examination before prescribing, specific treatment (except m urgent cases
where an mmmediate blood transfusion 1s indicated)

Further there are many nutntional anemias i India n which there 15 a steady
improvement directly the patient 1s put to bed and given a good diet  Allowance
must also be made for this fact 1f the value of any spectal form of treatment 1s
bemg estunated and in such circumstances at least two weeks of rest and diet
should be allowed before the specific treatment 15 started

We make a practice of rep g the blood e Juding h lob
percentage red cell count reticulocytes cell volume percentage van den Berghs
reacton and ESR and exammnation of the film for abnormal cells once a week
or earher 1f a set back 1> suspected or if the treatment 15 to be changed In
spectal cases other exammations such as the platelet and lencocyte counts are
also repeated

When any specific form of treatment 1s given a reticulocyte count 1s done daily
from the 4th until about the 12th day or 1n a case where there 15 a reticulocyie
crists until the reticulocyte percentage has fallen to ity previous level

The phnted forms that we nse in the School are shown below There 15 quite
possibly room for improvement m these forms and we have modified them from
time to time but we find that without bemng cumbersome they are sufficient for
our purpose

Form 1 15 the ordmary report form which 1s sent to the ward and attached
to the notes size 84 by 6} inches

Form 2 15 the sternal puncture report form sumilarly sent to the ward and
attached to the notes a résumé of this 15 entered on the reverse of form 3 swze 8}
by 5% mches

Form 3 wthe card which we keep m the laboratory The important data on
which progress 1s judged are entered on the face of the card and other data and
records of examunation that are not usually repeated on the reverse size 8} by

63 nches—stiff card
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FORM 2
ST M ANZEMIA DEPT
STERNAL PUNCTURE REPORT
Name Age Hard Bed
Total nucleated cells ) Reticulocy tes

Endothehal cells
Red cell senes
Pro erythroblast

Megaloblast

2

Normoblast

w0 w >

Wiste cell senes
Granular senes—
Myeloblast
Pre myclacyte

Neutro myelocyte {g
metf myelocyte
band
segmented

Eosino myelocyte
meta myelocy te
‘band
segmented

Basophils

Non granular seres—
Lymphoblast

Lymphocyte {g

Plasma cell

Monoblast

Pre monocyte

Monocytes
Megakaryocyte
Undifferentiated

Parasites

Date
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