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Recommendation for reference method for
determination by centrifugation of packed cell
volume of blood
INTERNATIONAL COMMITTEE FOR STANDARDIZATION IN
HAEMATOLOGY EXPERT PANEL ON BLOOD CELL SIZING*

The following document was prepared by the ICSH
Expert Panel on Blood Cell Sizing. Its publication
has been approved by the ICSH Board.

1 Introduction

The packed cell volume (PCV, haematocrit) may be
determined by centrifugation, dilution, or electrical
conductivity. In routine practice, measurement by
centrifugation is a highly reproducible procedure if
carried out by a standardised technique, for example,
as described in the World Health Organization
Broadsheet, Methods for the Determination of
Packed Cell Volumet (LAB 76.3). However, unless
attention is paid to the effect of trapped plasma,
this will not give an accurate measure of the red cell
state; trapped plasma may account for about 3 % of
the apparent red cell column in normal blood and
even more in certain abnormal conditions, notably
iron deficiency, thalassaemia, spherocytosis, and
sickle-cell disease. Whereas in routine clinical
practice this does not constitute a serious problem,
it must be taken into account when a high degree of
accuracy is required, for example, when estimating
blood volume, when calibrating automatic blood
counting equipment, or when carrying out clinical
research involving blood count parameters on
patients with disorders in which excessively high
amounts of trapped plasma occur.

Accordingly, there is a need to establish a method
with sufficient accuracy and precision for use as a
reference.
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2 Principle

Blood is placed in a tube of uniform bore which is
exposed to a centrifugal force along the longitu-
dinal axis. Since the cells have a higher specific
gravity than the suspending plasma they separate
out and partially pack together in the bottom of the
tube.
At the end of the centrifugation period the PCV

is calculated by dividing the length of the red cell
column by the original length of the blood column.
A correction is then made for the plasma which
remains trapped between the red cells. For this
correction an indicator must be used which does not
adhere to or enter the red cells.
No method has yet been devised which packs the

red cells sufficiently well for the plasma trapping to
be generally ignored. Even at high centrifugal
forces significant quantities ofplasma remain between
human red cells, some animal cells, and most
preserved or fixed cells. There is, therefore, no
intrinsic merit in selecting a centrifugation method
that has a relatively low plasma trapping correction.

Radioactively labelled human serum albumin
has been chosen as the indicator for determining the
plasma trapping correction since it is readily
available at a sufficiently high specific activity.

3 Apparatus and materials

The panel currently recommend a macrohae-
matocrit or Wintrobe tube because of the potential
lack of uniformity of the bore of many makes of
microhaematocrit tubes and the absence of published
evidence, as far as they are aware, of suitable
methods for overcoming this problem. The Wintrobe
tube should be made of glass and graduated with
a uniform scale. The exact dimensions of the
graduated part are not important, and tubes of
length 100mm and internal diameter of 2 5 or 3 0mm
may be used. The bore uniformity, ± 0-05 mm,
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should be checked with a suitable micrometer and
the exact internal radius also determined*. The lower
end of the tube must be sealed with a flat bottom,
and the plane of the internal surface should be at
right-angles to the axis of the tube and aligned with
the origin of the graduations.

Radioiodine-labelled human serum albumin solu-
tion, having a concentration of about 20 g/l and
ideally > 0 4 mCi/ml, should be used. The material
should preferably conform to the specification of the
International Pharmacopoeia (Supplement 1971),
Specifications for the Quality Control of Pharma-
ceutical Preparations, though certain other National
Pharmacopoeial recommendations may be adequate.

Less than 2% of the label should be present as
free iodide at the time of use. The ability of the
preparation to bind to red cells should be assessed;
if the material is to be satisfactory then the red cell
binding after four washes with isotonic saline should
be less than 1 % of the albumin that is in the trapped
plasma when the method recommended below is
used.

4 Method

A 5 ml blood sample (or red cell preparation) is
labelled by adding 10 ,A of the albumin solution and
is then used for the PCV determination.
The Wintrobe tube is filled from the bottom

upwards with well-mixed blood, and the level of the
meniscus is noted to the nearest one-third of a
millimetre. It may be convenient to use a Pasteur

*If tubes of the required bore uniformity are available
but a micrometer is not, then the internal radius may be
determined gravimetrically. The tube is filled to around
the 0.1 mark with mercury and weighed, and the exact
length of the mercury column is noted. Mercury is then
added to around the 10 mark, the tube is re-weighed,
and the new length is noted. If the difference in weight
is w g and the difference between the lengths of the
mercury columns is 1 mm, then the internal radius r
(in millimetres) is (23 41 w/J)'12.

pipette to fill the tube, which must then be sealed
with paraffin wax paper to minimise evaporation.
The tube is centrifuged at room temperature so

that the relative centrifugal force is 12 000-25 000
m/s2 (c 1200-2500 g) 50 mm from the base of the
tube.t During the centrifugation period the tem-
perature of the blood should not exceed 350C. After
30 minutes the centrifuge is allowed to come to rest
without braking, and the position of the upper end
of the red cell column is noted to the nearest
one-third of a millimetre. The uncorrected PCV,
expressed as a proportion, may then be calculated
by dividing this value by the reading obtained for
the blood meniscus before centrifugation.
To determine the plasma trapping correction,

plasma is aspirated from the tube, and aliquots are
retained for counting. The traces of plasma above
the red cells and upon the wall of the tube are
removed by gentle washing with isotonic saline and
discarded. Next the red cells are aspirated, the tubes
washed with saline, and the washings added to the
cells and counted.

5 Calculation

After the counts have been corrected for radioactive
background, the plasma trapping proportion is
calculated as follows:
(counts in red cells x 103)/(counts/ml plasma x
vr2h)
where r is the radius of the Wintrobe tube and h is
the height of the red cell column in millimetres. The
PCV corrected for plasma trapping is then:
uncorrected PCV x (1 - plasma trapping).

tAcceleration in m/s2 is given by 1-1 x 10-5 x R x N2
where R is the centrifugal radius 50 mm from the base of
the tube expressed in millimetres and N is the number of
revolutions/minute. The standard acceleration due to
gravity is 9-807 m/s2. This centrifugal force packs the red
cells sufficiently and allows subsequent washing pro-
cedures to be completed without disturbing the top of the
red cell column.

It had been hoped that, as from January 1980, references in all papers
would be given in the numbered 'Vancouver' style. However, in the interests
of contributors who had submitted manuscripts before the general
directive was published, there will be some papers with the Harvard style
of references in the first two or three issues of 1980.

This should not be construed as an encouragement to authors to con-
tinue to submit papers in the old style.
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