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SUMMARY: Yaprak i, Yercen N, Aksit S, Akdeniz F, Tirker M, Caglayan S. (Department
of Pediatrics, Soclal Security Tepeclk Teaching Hospital, izmir, Turkey). A comparison
of ditferent filters for white cell reduction. Turk J Pediatr 1998; 40: 89-95,

Removal of white blood cells (WBCs) from blood components before transfusion by
tilters with at least 3 log,, depletion may prevent or delay leukocyte-associated
transfusion reactions such as HLA alloimmunization, non-hemolytic febrile reactions,
transmitted infections {e.g., CMV, HTLV-1), and immunomodulation. The aim of this
study was to compare the leukocyte removal efficiency (LRE) of six commercial
bedside fiiters that are said to achieve 3 log,, (Bio R-01, Leucostop 4LT-1, Pall RC
50) and 4 log,, (Bio R-01 Plus, Pall RC 400, Pail RC XL-1) WBC depletion. A total of
430 units of whole blood ranging from 32 to 92 for each filter type were analyzed by
an automated counter before and after filtration. Postfiitration blood samples were
also evaluated for WBCs by Nageotte chamber. All the filters demonstrated leukocyte

- removal about 1 log, ; less than the manufacturer’s claim. The fourth generation fiiters
showed a better performance than the third generation filters. Of them, Pall RC XL-
1 showed the best efficacy with 99.93 percent leukocyte removal and a median residual
WBCs of 1.6 x 10% per unit. These resuits indicate that the fourth generation fiiters,
which are designed for the filtration of packed red cells, in particular Pall RC XL-1,
are also able to reduce WBCs from whole blood below the critical antigenic leukocyte
load (5 x 10%), and ¢an be efficiently used for polytransfused patients to prevent
alloimmunization. Key words: leukocyte removal efliciency, bedside fiters, thalassemia, .
allimmunization, biood transfusion.

The use of WBC-reduced red blood cells (RBCs) has been shown to prevent or
delay a wide range of adverse transfusion effects, including recurrent non-hemolytic
febrile reactions, refractoriness to platelet transfusion, alloimmunization to leukocyte
antigens, transmission of cell-associated viruses (e.g. cytomegalovirus, human
T-lymphotropic virus-1), and possibly immunosuppression'®.

In the 1980's, different filtration techniques were used in order to reduce WBCs
from the blood components, such as the spin-cool-filter technique and
microaggregate filtration”®, Recently, different polyester filters suitable for use
both in the laboratory and at the bedside became available' '°. These filters
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Filtration Procedure

Bedside filtration was carried out by two experienced nurses of the Thalassemia Center
in the transfusion room. The blood units were kept at room temperature until the
transfusion was started (30 to 45 minutes after the unit's removal from the refrigerator).

The filtration procedure followed the manufacturer's instructions. After the filters
were connected to the plastic blood bags, all, except Bio R-01 Plus, were primed
with blood by a soft manual squeezing of the bag, whereas Bio R-01 Plus was
primed spontaneously by its own "auto-venting system®. The filtration procedure
was then left to spontaneous gravity and the transfusion was started. The
transfusion of each unit was accomplished in an interval ranging from 50 to
90 minutes. A new filter was used for each unit of blood.

Evaluation

Both prefiltration and postfiltration blood samples were analyzed for complete
blood count by an automated counter (T 660, Coulter Electronics Inc., Hialeah,
Florida, USA). The postfiltration specimens taken from the distal end of the
connecting tube of the filter, with very low concentrations of WBCs, were also
counted manually using a hemocytometer (Negeotte chamber) with a light
microscope, according to the method described by Masse et al.'? One hundred
ul of the sample was mixed with 800 pl of Turk's solution (1 ml 1% Gention
Violet plus 3 mi glacial acetic acid) in a test tube to prepare 1:10 dilution. The
diluted sample was thoroughly mixed and left to rest for 10 minutes at room
temperature, to allow the WBCs to stain. We then placed 100 pl of this sample
on the Nageotte chamber (Saaringia, West Germany) and allowed it to rest again
for 10 minutes before counting by a light microscope (40 x objective). A 50 pl
grid (an area of 40 rectangles) was than counted. Each sample was counted
by two different pediatricians and the average of the two was taken into
consideration. The filters were tested at random and the doctors were not
informed about the filter used.

For every filter used in the study, the number of leukocytes per pl, lukocyte
removal efficiency (LRE), residual lukocyte count per unit (RLc) and log reduction
capability were calculated as follows:

number of counted cells

Leukocyte/pul =

(Negeotte) volume counted (ul)

Postfiltration (effluent) leukocytes/ul
LRE (%) =(1- — }x 100
Prefiltration (influent) leukocytes/ul
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Table 1I: A Comparison of the Leukocyte Depletion Performances of the Filters

Bio Leucostop Pail Bio R-01 Pall RC Pall RC
R-01 4L T-1 AC 50 Plus 400 ) (]
Performance (n=92) n=72) {n=32) {n=90) {n=54) (n=90)

Leukocyte removat
efficiency (%)* 97.45 29330 9925 99.85 99.86 99.93
(89.30-9997) (9080-9397) (9090-9397) (97.40-9999) (93.40-9399) (93.40-53.99)

WBC reduction {log,) 1.59 216 213 282 286 3.18

Residual leukocyte
countiunit® 59x100 .  18xW 16x 10 4x 10 4% 100 16x 100

Residual WBC count
<5x 10¢ 8 (9) 20 (28} 2 (6) 52 {58) 28 {52} 82 (91)
per unit, n (%)*"

* Median {range}.
** P <.0001.

There were considerably great statistical differences (P < .0001) among the six
filter groups in decreasing WBC count below the critical antigenic load (5 x 10°%),
If Pall RC XL-1 were excluded from the analysis, the other two fourth generation
filters were comparable in this regard (58% and 52% for Bio R-01 Plus and Palil
RC 400, respectively).

Third generation flters generally showed a median of approximately 2 log,, WBC
removal and the fourth generation filters about 3 log,, WBC depletion. The most efficient
was Palt RC XL-1 with a 3.18 log,, WBC removal. There was no statistically significant
correlation between the filiration time and postfiltration WBC number (P > .05).

Discussion

Leukocytes are largely responsible for adverse transfusion reactions, such as
HLA alloimmunization and, in turn, development of nonhemolytic febrile reactions
and refractoriness to platelet transfusions. Reduction of WBCs in blood
components by filters before transfusion with about 3 log,, depletion can prevent
these adverse reactions. For a higher degree of purity, new generation filters
with a 4 log,, WBC depletion are now available™2 1314,

In several comparative studies, different results have been reported on the
efficacy of various filters for WBC removal’-2 517, |n the study of Sirchia et al'®,
they tested only one filter (Pall RC 100) and found a median of 20 x 108 residual
WBC count per 2 units of RBC and better results per one unit of RBC. Bontadini
et al.2 compared six different white cell reduction filters and found that two of
the third generation filters demonstrated an efficacy of about 3 log,, WBC
reduction. But they performed only five experiments for each filter type. Koerner
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et al." also compared five different filters for leukocyte removal from red cell
concentrates and they determined median WBC removal efficiencies between
98.1 and 99.9 percent similar to our results.

The Thalassemia Center in our hospital is very busy, with about 50 patients
attending each week for blood transfusion. For this reason, our blood bank
sometimes cannot meet the requirements of WBCfiltered packed RBCs for
thalassemic children. Since 1991, therefore, we have also been using bedside
WBC-reduction filters in the filtration of whole blood as well as in that of packed
RBCs. However, we could not find any study in the literature that investigated
the effectiveness of white cell filters for whole blood.

Our results showed that all the filters generally reduced WBCs about 1 log,,
less than the manufacturer's claim. It may have occurred because samples
postfiltration for WBC counts were taken at the end of the filtration process.
However, as can be expected, the fourth generation filters were capable of
greater leukocyte removal from whole blood and, subsequently had lower residual
leukocyte counts than the third generation filters (P < .001). But, there was no
uniformity for WBC reduction even among the same generation fiiters. For
example, of the third generation filters, Leucostop 4LT-1 and Pall RC 50
demonstrated median WBC reductions slightly higher than 2 log,, (2.16 log,,
and 2.13 log,,, respectively), while Bio R-01 decreased WBCs less than 2 log,,
(1.59 log,,). Likewise, among the fourth generation filters, only Pall RC XL-1
removed WBCs from whole blood more than 3 log,, (a median of 3.18 log, ).
This filter was also succesful in 91 percent of the filtrations in decreasing residual
WBCs less than 5 x 10°, the limit for residual leukocytes per unit, proposed by
the American Association of Blood Banks to prevent alloimmunization!!. Wenz'®
has termed the concentration of leukocytes necessary to cause clinical symptoms
of transfusion reactions as critical antigenic leukocyte load (CALL), and the
concentration of WBCs necessary to cause sensitization as critical immunogenic
leukocyte load (CILL). This requires the administration of approximately 108 to
107 WBCs. Thus, even with 107 WBCs, polytransfused patients are largely saved
from adverse transfusion reactions. In our study, a total of six febrile transfusion
reactions were observed only in the filter groups of Bio R-01 (4 cases) and
Leucostop 41.T-1 (a cases). These filter groups also had the highest residual
WBC counts. However, there was no statistically significant difference (p > .05)
among the groups regarding the number of febrile reactions.

From the data presented here, we conclude that fourth generation filters,
preferably Pall RC XL-1, can be used to reduce the level of residual WBCs in
whole blood (when packed RBC is not available) below the threshold that is
thought to result in alloimmunization.
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