
Packed red cel l  r  olume as

deterr i r ined by nr icrohematocr i t  techni-

que is being considered the most

simple and reliable hematologic scree-

ning test s ince i t  has an inherent

error of only 2% while the hernoglobin

determination and red blood cell count

have the  er ro r  as  h igh  as  5  and 16%

respeetively (l)' Unl'ortunately when

whole blcod sample is centr i f 'uged a

certain amount of plasma remains

adherent betlrreen cell surfaces and

beconres trapped among t l re cel1:; .  rhus

lesult ing in an cverest inrate of the

tr l le packed cel l  volrr ine (  PCV ).
Al though the uncorrecred PCV value

is adequate fbr rnosi  of  c i in ical  pur-
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poses i t  is recognized as the major

source of error irr calculations of blood

vollrme, plasma volume, red cell ma.s,

ferrokinetic studies and erythrocyte

electrolyte concentrations. (2,3) Know-

ledge of plasma trapping value wi l l

permit the appropriate correction requir-

ed for these calculations. Several

plasma markers have been employed

in de termination of the amount of
trapped plasma volume, but wide

discrepancies exist rvith different mar-

kers used (3-15).  values of t rapped

volume reported in the literature range

from 0,5.to I0% due to di f ferences in

experimental  systems, separat ion tech-
niqr"res and nrethods of measurement
{3-25).
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increased plasrna t f  apping voiume

obserr,ed by these authors was ques-

tioned sincc Evans blue d.ve not only

can forni  a complrx with serum

albumin but certain amount of this

dye can also be adsorbed onto the red

ce l ts  (33) .

We are report,ng the results of

our stLrdy by the radiohematocrit

technique which clear ly indicated that

plasma trapping volume of thalassemic

red cells is markedl,v increased to

4- 5 times of nor.nal red cells.

MATEI1IALS AND METHOD.

Freshly drawn heparinized blood

samples (  20 unirs heparin/ml.  blood )
were obtained fronl t healthy normal

adults,  I  I  chi ldren ( 2-8 y-ear of age )

with severe beta rhalassemia and 4

healthy chi ldren of the same age

group. After rhey were mixed with

5l  Cr.  and /  or l3 l  1-5npan serunl

albumin (I{SA), radiohematocrit and

microhematocr i t  detcrminat ions were

carr ied out in 10 dupl icates on each
'blood sample.

o"r 
RADIOHEN,{ATocRIT DETER-

IVIIN{TION]: I 5I CT. TECHNIQUE.

To prevent the surfhce adsorption and

penerrat ion of Na2 5l  cro4 into red

cel ls.  this hexavalent chromium salt

7A

The volume of plasma trapperl

between the red blood ceils of a cen-

trifuged blood sample depends on the

amount (6,8,16,26,27) and the intr insic

phrvsical properties of the red cells

including size (16'  27 '  28 ) ,  shapes
(29,30), cell density fi7,24,28,30) and

f le.xibi l i ty of  the red cel l  membrane
(31) '  Al though Chapl in and Mol l ison
(16) ob^erved that nei ther anisocytosis

nor spherocytosis signiflicantly altered
plasrna trapping volume, it rvas subse-

quentllt shown that rhe presence of
sphero,.:ytes and sickled red ceils greatly

increased trapped volume (25'29r30'32)

while microcyiic and hypochromic red

gs11s (16'  25) raised this value cnly

slightly.

Tltalassemic blood Picture is

characterized brv varying degrees of

anisocytosis, poikilocytosis, target cells.

hypochromic and lragrnented red cells,

It is reasonable to expect that plasma

trapping volume of thalassernic red

cells should be higher than normal

red cells. The erroneously high PCV

value will resulting in a falsely higher,

i \ lCV value of thalassemic red cei l . .

The only other itudy of traPPed

plasnta volume of thalassemic red cel ls

has been carr ied out bY the old

Winthrobe technique with iow centri-

fugal force ut i l iz ing Evans bl tre dye

as u rarke, (8) '  The degree of

t '
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was reduced to tr ivalent chromate

salt  b3r pr ior incubarion of 0.05 ml

( 50 uCi )  of  s ioci< Na2 5lCrO4 wirh

200 nrg of ascorbic acid l 'or 60 minutes.
There is no detectable anlount of
5lCr adsorbed or di f ' t lsed inro the
red cel ls observed in this that system.
After mixing, l0 ai iquots ( l  ml voiume)
o1- blood sarnple were transflerred into
a set ol  l0 clean counring vials (ste

A ). They u'ere rhen centrifuged ar
11500 rprn. (  Internarional Centr i fuge
Model K, I .E.C.,  Needham Hrs.,  Mass.,
USA.) for l0 minures. Four tenth ml.
al iquot of c lear supernatanr f ln id was
then carefully transferred from each
vial  of  set A into another l0 clean
count ing vials (ser B ).  The radioact i -
vity of each vial of both sers w€re
counted in ihe Tri - Carb Liquid
Sclnt i l lar ion Spectrophotometer,  Packard
Model 3320. The radiohemarocri t

value o[ each dupl icate was calculated

by the formula:

% radiohematocr i t  = (  0.6 -

0.4 x cprn. of l  v ial  A. 
r  100

cpm. of '  v ial  B

The final radiohematocrit r,alue

of each blor:d sample was the average
value of l0 dupl icates.

,1. I 31* r - HsA TECHNTeuE.
Whole blood sample was mixed rvell

wirh l3 l  l -usR (  5uci  /mr brood )
before being aliquoted and proceeded

as above.

79

vircR_qilEMATocRrT pE-

TEEyjNAIqN: Tcn microitenra-
tocr i t  tubes were 3i4 f i l leci  wirh wel l -

mixed rvhole blood sample and sealed

with clay. Their were centrifuged in

the Microcapillary Centrifluge Model

1\48 ( I .E.C.,  Needham Hts.,  Mass.,

USA, )  for 5 minutes at I1,000 rpm.
( 12,000 x G ).  The microhemarocrir
(PCV) value determined by the hema-
tocr i t  reader (  scale ) ,  and in certain

sample, n,ith microscope vernier. The
microhenratocrit value was the average

value obtained from l0 duplicates.

P

The plasrna rrapping volume was

calculated from the formula :

% PTV = % Microhemarocrir - %
Radiohematocrit x 100

% Microhenratocrit

RESIJLTS.

The variation of radiohematocrir
and microhematocrit value obtained
from l0 duplicates of a single blood
sallPle are shown in Table. t. Thesg
value are lower ( better ) than those
observed bv  o thers  (1 ,32) .

The trapped plasma volurne of
approximately 4% is agreeabie to most

of the earlier studies in the literatute.

The value of plasma trapplng volurrre
(5 l6t. racliohematocrit technique) ob.
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Var iat ioni  , l f  Resul ts  Obta ined Fro in l0  Dupl icates

% PCV
R { P P E D

VOLUi{E %

Table I.

'I'ECHlilQL'IE

Radiohenra rocr i t  r5 I  Cr)

Microhematocr i t  :

-  v i rn le r  read lng

- Scale reading

37 .01  +  0  49

37 .81

31"72

0.20

0 .28

044

0.64

+ 0.46

427

V . J  J

212

1 .87

?'ahle I I .  Plasnta Trapping Voluine of Thalassemic and Normal

Erythrocytes (5lCr.  Trchnique).

SUBJECTS TRAPPED VOLUME (%}s
6Normal Adults

Normal Children

Thalassernic Chi ldren

A
I

, 11

3.77 +_ 2.42

3 .95  t  L78

18 .30  r -  9 .58

% VARI \T ION

tained from thalassemic blood is approx-

imately 4-5 t imes of norrnal red cel ls.

The average value of plasma

trapping volume obtained lrom l3l1-

HSA technique ( 7.78%) is more than

100%. higber than those f iom 5lcr.

technique (3.77%) due ro the adsorpt ion

og l3l I -HSA onro the red cel l  surf lace.

COMMENTS.

Our resulrs of plasrna trapping

volume (by 5lCr technique and expres-

sed as a percentage of PVC) of 3,77%

in healthy adults and 3.95% in healthy

children are comparable to those obser-

ved by cther invest igators r8, l0, l  5- I  7 '

19,24,25,30,31), The higher trapping

vo lume o f  7 .78% r1 t .n  l3 l  I -HSA is

used compared to 3 77% v,t i th 5lct

technique indicaled that the errcr is

re-sul t i i rg { lom adsorpt ion of l3 l  1-H5,q

onto the surface of red cells and pos-

sible transport  of  1311 lSrough the red

ce l l  menrbrun .  ( l+ '35) '  In  our  labora-

tory, rvhen the true hetnatocrit value

is required the observed nticrohema-

tocrit value is multiplied by a t'actor

0.96 to correct for 4% plasma trapping
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volume. Aithougir  the feasibi i i t l ,  and
'superior i ry ol '  the microhemaiocr i t  tech-

nique are universal lv accepted, i t

should be kept in mind t i rat  in pracr ice

the theoret ical  advantage of r i r icrohema-

tocr i t  over rhe convent ional Winthrobe

technique is overweighed bv t i re sl i "

ghty le,ss lvel1 reproducibi l i i i r  of  the

former. The cXi ief  di i i icul t3" l ies in get-

t ing a i iat  hor izontal  seal at  the lcottom cf

r i re micrcirematocr i i  t r :be in addit ion to

acci- i raie reading of the cciuinn. Even

lvhcr these cclrrdi t ions are sat isf ied the

S D. of repl icated esl i rnaic is abo' . l t

6.5 (32t '  In our experin:ental  systenr,

the S.D. of l0 dupl icates are cnly 0 20

(with vernier reading) aniJ 0.28 ( r i ' i .h

scale) which correspond n A.44Y. and

0.54% of the red celi colutrin respec-

t ivel i r .  The other soufce c[  minor

errr:r due to her,iolt'sis and diflferent

degrees of oxygenation rvere elinrinalr-d

by treat ing al i  samples al ike and care

was raken to n: inini ize manipulat ion"

The f  inding of marked increased

plasma trapping volurre ol '  thalassemic

red cel ls indicated that p: :cking of

theis red cells during centrifugation
' is less coinplete than normal red cel ls.
'lt has been demonstrated earlier that

the amount of trapped plasnna volunre

irr the lower layer of red cell column

'is smaller than the upper layer(I6'-18)

"and that the heavier cells packing

more t ighttry than rhe l ighter cel ls
(24'  28) '  Rericul ,-rcytes and young red

cel ls are l ighter t l ran older red cel ls

t17 .37-41)  ,  *nd  rhe i r  p rese i l ce  in

increased nunibers in addit ion to red

cel is r ,v i ih var l i r rg shapes and sizes

(42) ;n rhalasserr ic blood may explain

the rrduced effec{ i i ,eness of red cel ls

pacl i ing dul ing centr i f i igat ion anci the

increased ulasnta volunte observeri ,

SUh{}4AF1Y :

The plasma trapping volume of

reil cells rvas determined r,vith the aid

of the radiohematocrit technique. The

trapped volume of red cells from

healthv adults and chi ldren is about 4%

$.71-3.95%) whi le the average value

fbi  lhalassemic red cel ls is lB.3lz".  The

explanation for this increased trapped

volunre is the reduced effeci iveness of

red cel! pacliing during centrifugation

due to the presence of red cel ls with

varving shapes and sizes and those

with light rveight i.e.. reticulocytes and

young re.d celis. The higher trapping

values obtained lvhen I 311-g5q is

ursed in place of Na2 5lCrO4 it due

ro rhe adsorption of 131Flle"n' snle

the red cell surface and possible

rransport oF I 3 | I through the red cell

rnembrane.
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