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Packed red cell volume as
determined by microhematocrit techni-
que is being considered the most
simple and reliable hematologic scree—
ning test since it has an inherent
-error of only 2% while the hemoglobin
determination and red blood cell count
have the error as high as 5 and 167%

respeetively (D). Unfortunately when
whole blood sample is centrifuged a
certain amount of plasma remains
adherent between cell surfaces and
‘becomes trapped among the cells, thus
resulting in an overestimate of the
true  packed cell veolume (PCV).
Although the uncorrected PCV value
is adequate for most of clinical pur—

poses it is recognized as the major

source of error in calculations of blood

volume, plasma volume, red cell mass,

ferrokinetic studies and erythrocyte

electrolyte concentrations. (2,3) Know-
ledge of plasma trapping value will

permit the appropriate correction requir -
ed for these calculations.  Several

plasma markers have been employed

in determination of the amount of
trapped plasma volume, but wide

discrepancies exist with different mar-

kers used 3-15).  Values of trapped

volume reported in the literature range
from 0.5.to 10% due to differences in

experimental systems, separation tech-—
niques and methods of measurement

(3-25).
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The volume of plasma trapped
between the red blood cells of a cen-
trifuged blood sample depends on the

amount (6:8,16.26.27) and the ingrinsic
properties of the red cells

including size (16, 27, 28), shapes
(29,30); ¢ey density (17,24,28.30) apg

flexibility of the red cell membrane
(31 Although Chaplin and Mollison

physical

(16) observed that neither anisocytosis
nor spherocytosis significantly altered
plasma trapping volume, it was subse-
quently shown tha: the presence of
spherocytes and sickled red ceils greatly

increased trapped volume (25,29,30,32)
while microcytic and hypochromic red

cells (16:25) rajsed this value cnly
slightly.

Thalassemic blood picture is
characterized by varying degrees of
anisocytosis, poikilocytosis, target ceils.
hypochromic and fragmented red cells,
It is reasonable to expect that plasma
trapping volume of thalassemic red
cells should be higher than normal

red cells. The erroneously high PCV

value will resulting in a falsely higher. -

MCV value of thalassemic red cells.
The only other trapped
plasma volume of thalassemic red cells
has been carried out by the old
Winthrobe technique with: low centri-
fugal force utilizing Evans blue dye

study - of

as a marker (8)- The degree of
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increased plasma trapping volume:
observed by these authors was ques-
tioned sincc Evans blue dye not only
can form a complex with serum
albumin but certain amount of this
dye can also be adsorbed onto the red

cells (33).

We are report:ng the results of’
our study by the radiohematocrit
technique which clearly indicated that
plasma trapping volume of thalassemic-
red cells is markedly increased to-

4-5 times of normal red cells.

MATERIALS AND METHOD.

Freshly drawn heparinized blood:
samples ( 20 units heparin/ml. blood )
were obtained from 9 healthy normal
adults, 11 children (2-8 year of age)
with severe beta thalassemia and 4
healthy children of the same age-
group. After they were mixed with
51 Cr. and/or 131 |-human

albumin (HSA), radiohematocrit and
were-

serum

microhematocrit determinations

carried out in 10 duplicates on each.

“blood sample.

RADIOHEMATOCRIT DETER-
MINATION): 1 31 Cr. TECHNIQUE.

To prevent the surface adsorption and*

penetration of Nao 31 CrOy into red

cells, this hexavalent chromium salt
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was reduced to trivalent chromate
salt by prior incubation of 0.05 ml

(50 uCi) of stock Nay °1CrO, with

200 mg of ascorbic acid for 60 minutes.

There is no detectable amount of

Sler adsorbed  or diffused into the

red cells observed in this that system.

After mixing, 10 aliquots (I ml volume)

of blood sample were transferred into

a set of 10 clean counting vials (ste

A). They were then centrifuged at

1,500 rpm. (International Centrifuge

Model K, LE.C., Needham Hits., Mass.,

USA.) for 10 minutes. Four tenth ml.

aliquot of clear supernatant fluid was

then carefully transferred from each

vial of set A into another 10 clean

counting vials (set B). The radioacti-

vity of each vial of both sets were

counted in the Tri- Carb Liquid
Scintillation Spectrophotometer, Packard
Model 3320. The radiohematocrit
value of each duplicate was calculated
by the formula:

% radiohematocrit = (0.6 -

0.4 x cpm. ‘of'_wal A. < 100
cpm. of vial B

The final radiohematocrit value
of each blood sample was the average

~ value of 10 duplicates.

1. 13! 1-HSA TECHNIQUE.
Whole blood sample was mixed well
with 131 LHSA ( 5uCi/m! -blood )
before being aliquoted and proceeded

as above.
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MICROHEMATOCRIT DE-
TERMINATION. Ten microhema-
tocrit tubes were 3/4 filled with well-
mixed whole blood sample and sealed
with clay. They were centrifuged in
the Microcapillary Centrifuge Model
MB (LE.C., Needham Hts., Mass,
USA.) for 6 minutes at 11,000 rpm.
(12,000 x G). The microhematocrit
(PCV) value determined by the hema-
tocrit reader (scale), and in certain
sample, with microscope vernier, The
microhematocrit value was the average
value obtained from 10 duplicates.

PLASMA TRAPPING VOLUME.

The plasma 1rapping volume ‘was
calculated from the formula :

% PTV = % Microhematocrit - %
Radiohematocrit x 100

% Microhematocrit

RESULTS..

The variation of radiohematocrit
and microhematocrit value obtained
from 10 duplicates of a single blood
sample are shown in Table. I. These
vafluer are lower (better) than those
observed by others (1,32).

The trapped plasma volume of
approximately 4% is agreeable to most
of the earlier studies in the literature.
The value of plasma trapp!ng volume

(Slcy. radiohematocrit technique) ob-
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Table 1.  Variations of Results Obtained From 10 Duplicates
SR : : , TRAPPED
IECHNIQLL % PCV % VARIATION VOLUME %

Radiohematocrit C1Cr) | 37.01 + 049 1.18 + 0.46
Microhematocrit :
- Vernier reading 358l +-0.20 044 + 027 212
- Scale reading 3772 % 0.28 0.64 + 0.33 1.837

Table II- Plasma Trapping Voiu:

Erythrocytes Gler Te

ne of Thalassemic and Normal

chnigue).

SUBJECTS No TRAPPED VOLUME (%)
Normal Adults 6 3.77 + 242
Normal Children 4 395 + 1.78
Thalassemic Children ol 18.30 ~ 9.58

tained from thalassemic blood is approx~
imately 4-5 times of normal red cells.
The average value of plasma

trapping volume obtained from 131
HSA technique (7.78%) is more than

1007%. higher than Ser.
technique (3.77%) due to the adsorption

those from

of 1311-HSA onto the red cell surface.

COMMENTS.

Our results of plasma trapping

volume (by Sler techniqueand 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 investigators ‘8:10,15-17,

19.24,25,30,34).  Tpe higher trapping

volume of 7.78% when 131 1-HSA is

used compared to 3.77% with Sy

technique indicated that the error is

resulting from adsorption of 131 1-ysa
onto the surface of red cells and pos-
sible transport of 1317 through the red
cell membrane (14:35) 1y our labora-
tory, when the true hematocrit value
is required the observed microhema-
tocrit value is muliiplied by a factor
0.96 to correct for 4% plasma trapping
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volume. Although the feasibility and
-superiority of the microhematocrit tech-
nique are universally accepted, it
should be kept in mind that in practice
the theoretical advantage of microhema-
tocrit over the conventional Winthrobe
technique is overweighed by the sli-
af=the

former- The chiel difficulty lies in get-

ghty less well reproducibility

ting a flat horizontal seal at the bottom of
the microhematocrit tube in addition to
accurate reading of the column. Even
when these conditions are satisfied the
SD. of replicated estimate is about
0.5 32 In our experimental system,
the S-D. of 10 duplicates are only 0 20
(with vernier reading) and 0.28 (wiih
scale) which correspond to 0.447 and
0.64% of the red cell column respec-
tively.  The other source of minor
error due to hemolvsis and different
degrees of oxygenation were eliminated
by treating all samples alike and care

‘was taken to minimize manipulation.

The finding of marked increased
plasma trapping volume ol thalassemic
ted cells indicated that pscking of
these red cells during centrifugation
‘is less complete than normal red cells.
4t has been demonstrated earlier that
the amount of trapped plasma volume
‘in the lower laver of red cell column

is smaller than the upper layer(l‘f"'I 8)
.and that the heavier cells packing
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more tightly than the lighter cells

(24, 28). Reticulocytes and young red
cells are lighter than older red cells
(17.37-41), and their presence in
increased numbers in addition to red
cells with varying shapes and sizes
(42) in thalassemic blood may explain
the reduced effectiveness of red cells
packing during centrifugation and the

increased plasma volume observed,

SUMMARY :

The plasma trapping volume of

red cells was determined with the aid

of the radiohematocrit technique. The
trapped volume of red cells from

healthy adults and children is about 4%

(3.77-3.95%) while the average value
for thalassemic red cells is 18.3%. The
explanation for this increased trapped
volume is the reduced effectiveness of
red celi packing during centrifugation
due to the presence of red cells with
varying shapes and sizes and those
with light weight i.e.. reticulocytes and
The higher trapping

values obtained 1311 5SA s
used in place of Na, 51Cr04 is due

young red cells.

when

to the adsorption of 131 psA - onto
the red cell surface and possible
transport of 1311 through the red cell
membrane.
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