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The blood flow rate is, according to the Poseuille law, a funcuon of vessel
size and fuid viscosity®. Viscosity is determined by a Iriction between adjacent
Jayers of the fluid and, with vasoconstriction, it determines resistance to flow.
Some fluids like water ot plasma are called ‘Newtonian® because they have a
constant viscosity dependent only on temperature. Blood viscosity, on’the
contrary, is a function ol the shear rate and is considered a ‘non-Ne¢wtoman'
paraneter, For instance, this means that blood in veins (where shear rates arc
low) is more viscid than in arteries (where shear rates arc high)e®,

The viscosity of whole blood mainly depends on the number and properties
of red blood cells (RBC), i.e. the packed cell volume (PCV) and red ccll deform.
ability (RCD):. Under normal conditions, leukocytes and platclers have liede or
no influence on blood viscosity. Of the plasma proteins, only fibrinogen is
important, since at low shear rates it is able to produce RBC agpregation
{rouleaux’}***. Among the numerous available methods for measuring
RCD241"24 the most widely used are those which measure the red cell
filterability (RCF) through micropore membrancs. :

There are several methods for measuring RCF using whole blood ox red
blood cells suspended in saline solution or filtered plasma. All these methods
arc based on the same principle:, differing only in the final stage. The end-points
can be either the quantity of RBC filtered within a lixed tme under variable
or constant hydrostatic pressure™” or the pressure increase under constant
blood low”.
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RED BLOOD CELL FILTERARILITY

Since these methods are not well reproducible, employing a variation co-
eflicient of 15-20% we have developed a new simple method able to measure
RCF by weighing the amount of RRC filtered through micropore membranes
(red cell hiterability by weighing: RCFW), The results obtained with this method
have been compared with those oblained using a widely employed method
{Dormandy technique)’.

MATERIALS AND METHQDS

Materials
Phosphate-buffered saline (PBS): 39 g Na,1IPO. - 12 H,0 and $ g K.HPO, are
made up to || with distillcd water (pH 7.4, osmolality 300 mOsm/kg);

LDTA: 6 g of EDTA are dissolved in 10 ral of disrilled water; 10 pl of this
solution are used in order to prevent coagularion of 5 ml of blood;

glutaraldehyde: 0.5% in distilled water;

polycarbomte membranes (Nuclepore, batch no. 54FOC34) 13 mm in diameter
with 5-p pores.

Methods

RCFW - 5 1nl of blood are drawn with minimal venous stasis and : anticoagu-
lated with EDTA. Blood is immediately centrifuged at 100 ¢ for 3 min and then
at 1,000 ¢ for 7 min in order to obtain a better separation of red blood cells
from the buffy-coat. Plasma and buffy.coat are aspirared and discarded. The
pac ked RBC are then br nghr ro the original volurne with PBS. This procedure
is repeated three times. More than 95% of leukocytes and platclets are elirmi.
nated by three washings. A suspension of 5% RBC in PBS is then preparcd
and 2 ml of this suspension are hltered for 30 sec, under gravity, through the
micropore membranes and, tinally, the filtrate is weighed.

In order to eliminate the effects of membrane variability, 2 ml of PBS arc
hitcred through the same membrane for 30 sec before the RBC suspension,
and then weighed.

The filterability index (FT) is calenlated as tollows:

weight of RBC filurate
weight of PBS fltrate

Kl =

The procedure is carried out in triphcate.

Dormandy technigue - Blood samples are anticoagulated with heparin and
centrifuged at 1,000 g for 15 min; the plasma fraction is filtered in order to
eliminate leukoc: yies and plarclets. The bufty-coat is discarded and the RBC are
resuspended in their own plasma at a 5% concentraton. The FI is calculated
by photornetrically measuring the hemoglobin concentration of the RBC fl.
tered during 1 min. The procedure is carried out in triplicate.

RESULTS

Reproducibility - The within-assay reproducibility was expressed as CV% and
assessed lor the two techniques from (0 replicates from a single blood donor.
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within-assay prcciﬁc‘,m
method normal ruﬂ_ge) ’
(mean & 25D no. mean SD CV%
RCIW : 0.64 = 0.1% 10 0.68 0.01 5.8
: (no, = 80)
Dormandy rechnique 0.80 = 0.18 10 0.66 0.05 7.2
(no. = 20)

Tab. 1 - Comparison of the results obtained with (he two methods,

Table 1 shows the results: CV% were 5.3 and 7.2 for RCFW and Dormandy
technique, respectively.,

Normal range - Normal ranges were established from 20 samples [rom
normal subjects with Dormandy technique and from 50 samples from noral
subjects with the RCFW. The FI value was 0.63 = 0.12 (mean = 2SD) and
0.80 + 0.18 with RCFW and Dormandy technique, respectively.

Sensitivity to hardened RBC - A 5% RBC suspension in PRS was rigidified with
0.5% glutaraldehyde at Toom temperature for 2h by continuous stirring. In-
creasing amounts of this suspension were added to samples from a single
donor, in order to obtain hardened RBC concentrations ranging from 0.0001
to 0.08%. The suspensions were then processed by the two techniques. For a
dircet comparison of the two techniques, FI values obtained with increasing
hardencd RBC concentrations were expressed as percentages of the values
obtained with both techniques when no hardened RBC have been added. With
both techniques, FI values decrease with increasing concentrations of harden-
ed RBC. However, with RCFW results signiﬁcantly differed [rom normal RRC
suspensions using concentrations as small as 0.0005%, while with Dormandy
techniquc they significantly differed only at a concentration of 0.005%. In
addition, the FT values obtained by RCFW were lower than those obtained by
Dormandy technique at concentrations of hardened RBC up to 0.01% (bg. 1).

DISCUSSION

Lirtle is sull known about the rclzm'unship between RCD, RCF, bload
viscosity and blood flow, bur the results of some hemorheological investiga-
tons*** suggest that filtration represents a good parameter for measurihg
RCD in vivo. _ '

Since reproducibility is on¢ of the major prerequisites for every clinically
used technique, we have tried to improve it by modifying the end-polnt of
currently used hloaton tcd]_n_iqucs Lht'ough micropore membrancs csscnrial.ly
by weighing the amount of filtered RBC, related to the quantity of PBS filtered
during the same interval of time, in order to compensate for small differences
in the number and size of micopores of the different hlters.

The method has proved to be reliable, with a reproducibiliry better than
that of the widely used Dormandy technique. Moreover, its sensitivity (o
artificially hardened RBC seems to be greater and it is able to differentate
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RED RLOOD CELL PILTERADILITY
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Fig. 1 - Filterability index vales obtained using the RCFW method (8—e) and the Dormandy |
1 rechnique {A———4) as a function of the bardened RBC concentrations in the filtered suspension.

‘_:;1 Resulls are expresscd as percentages ol the valucs obtaimed with both tt-.(:!'miquc':s when no

hardened RBG have been added.

samples containing as littde as 0.0005% hardened RBC, while the Dormandy
technique does not differentiate them undil 4 0.005% concentration. ,
i Since the filration steps are simnilar for both techniques, the most likely |
't explanation for the differences in performance is that variability in the pho-

B lometric measurement of hemoglobin content is greater than that of direct

o weighing, making our modification of the technique more reproducible.

SUMMARY :

A new simple method for measuring red blood cell (RBC) [crabiity by weighing the i

i amount of RBC {iltercd through micropore membrancs is described. Red cell [rerability by !
RE weighing (RCFW) is determined on washed RBG resuspended in phosphate-buffered saline (PRS) ‘

at low (5%) hematocrit. The Hitration step is performed using gravity done and the amount of l
the filtered suspension is referred o the filtration of PBS alone through the same membrane,
The new method shows a reproducbility better than rthat of the widely used Dormandy
technique, with a lower coelficient of variation (5.5 w 7.2%) and a higher sensitivity to artiticially

b ) hardened REC.
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