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Febrile nonhemolytic transfusion reactions due to leu-
koagglutinins are frequently seen in patients who have
been given multiple blood transfusions. To prevent or
reduce the severity of these reactions, leukocyte-poor
blood (that containing fewer than 0.3 X 10' leukocytes
per unit) is frequently requested by clinicians. Four
methods commonly used in Canada to produce leukocyte-
poor blood were examined for their relative effectiveness
and appropriate use. The mean total leukocyte count per
unit was reduced to 0.22 X 109 in buffy-coat-poor red
blood cell preparations produced by centrifugation with
the blood bag inverted, to 0.19 X 10' by perfusion
through an Imugard filter, to 0.21 X 10' by the use of an
IBM 2991 automated cell washer and to 0.13 X 10' with
the use of frozen blood. The proportion of red cells
recovered varied from 62% with the inverted-spin method
to 85% with the use of frozen blood. Comparison of
these data and the percentage of leukocytes removed, the
shelf life of the product, the cost of supplies and the
preparation time indicated that the use of sophisticated
machinery, such as the IBM cell washer, or of glyceroli-
zation plus washing of frozen cells is not warranted for
most patients. Instead, patients who have febrile non-
hemolytic transfusion reactions should initially be treat-
ed with a leukocyte-poor red cell preparation produced
by the inverted-spin method; only if such reactions recur
should the blood bank be requested to provide filtered,
washed or frozen red cells.

Des reactions transfusionnelles non hemolytiques febriles
causees par des leucoagglutinines sont frequemment
observees chez des patients qui ont recu plusieurs trans-
fusions sanguines. Afin de prevenir ces reactions ou d'en
reduire la gravite, les medecins reclament frequemment
du sang pauvre en leucocytes (contenant moins de 0,3 X
10' leucocytes par unite). Quatre methodes couramment
utilisees au Canada pour produire du sang pauvre en
leucocytes ont ete comparees quant a leur efficacite et
leur bonne utilisation. La numeration leucocytaire
moyenne par unite a ete reduite a 0,22 X 10' dans des
preparations de globules rouges pauvres en couche leuco-
cytaire produites par centrifugation du sac de sang
inverse, a 0,19 X 10' par perfusion sur un filtre Imugard,
a 0,21 X 10' par l'utilisation d'un appareil automatise
pour laver les globules (modele IBM 2991) et A 0,13 X
10' par l'utilisation de sang congele. La proportion de
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globules rouges recuperes a varie de 62 % avec la
centrifugation du sac inverse a 85% avec l'emploi de
sang congele. La comparaison de ces resultats et du
pourcentage de leucocytes enleves, de la duree d'utilisa-
tion du produit, du cout des approvisionnements et du
temps de preparation a indique que l'emploi d'equipe-
ments sophistiques, comme l'appareil IBM pour laver les
globules, ou de la glycerolisation suivie du lavage des
globules congeles ne se justifie pas pour la plupart des
malades. Les malades souffrant de reactions transfusion-
nelles non hemolytiques febriles devraient plutOt recevoir
initialement une preparation de globules rouges pauvre en
leucocytes produite par centrifugation du sac inverse; ce
n'est qu'apres recidive que l'on devrait reclamer de la
banque de sang des globules rouges filtres, laves ou
congeles.

Febrile nonhemolytic transfusion reactions frequently
follow infusion of blood products containing leuko-
cytes,'-3 at rates of 0.2% with red blood cell concentrates
and 0.5% with whole blood.4 In previously sensitized
patients a dose of between 0.25 and 0.5 X 10' leukocytes
can produce these reactions.' Therefore, efforts have
been directed towards production of leukocyte-poor
blood products for transfusion in these patients.
Methods currently available to produce leukocyte-

poor blood include, among the more common, cen-
trifugation to remove the buffy coat, filtration, washing
with saline and freezing the blood. However, the
preparations produced by these methods vary considera-
bly in efficacy, shelf life, cost and time required for
their production. Meryman and colleagues2 compared
13 procedures for preparing leukocyte-poor blood and
found that a single centrifugation of packed cells diluted
with saline followed by removal of the buffy coat was
second only to freezing blood in efficacy of reducing the
leukocyte content. Menitove and associates3 later report-
ed that the use of leukocyte-poor red cell preparations
obtained by inverting the blood bag during centrifuga-
tion (the inverted-spin method) usually prevented the
recurrence of febrile nonhemolytic transfusion reactions
due to leukoagglutinins. Various filtration techniques
have also been used to reduce leukocyte content: Wenz
and colleagues5 used a microaggregate filter to obtain
granulocyte-poor red cell preparations, and Kikugawa
and Minoshima6 used the Imugard filter, which incorp-
orates cotton wool and a nylon fabric with pores 25 ,uL
in diameter, to remove 95% of the leukocytes.

In our centre we collect and process approximately
65 000 units of blood per year. The 4075 units of
leukocyte-poor blood that we provided to clinicians last
year represented approximately 7% of our total collec-
tion. While national statistics on the total number of
units of leukocyte-poor blood issued are not available,
we know that 4.5% of the units of blood issued by the
Calgary Centre of the Canadian Red Cross are leuko-
cyte-poor preparations, produced by the inverted-spin
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method (T. Bowen: personal communication, 1984).
Many hospitals also process their own leukocyte-poor
blood. Because of existing constraints on financial
expenditures and technologists' time, we decided to
re-evaluate both the demand for leukocyte-poor blood
and the methods that produce optimal products.
Our previous studies had shown that clinicians re-

questing frozen blood usually wanted leukocyte-poor
blood, and we found that washing red cell concentrates
with an automated cell washer (model 2991, IBM
Instruments, Inc., Danbury, Connecticut) provided a
product that was cheaper than frozen blood but equally
effective.' Using this technique we reduced the number
of units of frozen blood that we processed from a peak
of 1000 in 1979 to 103 in 1983. This represented a
substantial cost saving in view of the much greater cost
of processing and storing frozen blood. While the IBM
cell washer is extremely effective in reducing the
leukocyte content of blood,2' it lowers the content well
below the levels associated with most transfusion reac-
tions,' and we wanted to determine whether a less
expensive alternative procedure would suffice.

Methods

Blood collection and processing

Blood was collected from volunteers considered
healthy according to the criteria used by the Canadian
Red Cross blood transfusion service. The units of blood
either were kept as whole blood for subsequent produc-
tion of leukocyte-poor red cell preparations by the
inverted-spin method or were made into red cell concen-
trates by centrifugation at 7000 X g for 5 minutes and
removal of plasma to give us a packed cell volume of
0.70 0.05 L/L. The leukocyte-poor red cell prepara-
tions made from whole blood collected into a multiple
pack8 were produced in a closed system; since the unit
was not opened during processing, this product had a
normal shelf life. The red cell concentrates were pro-
cessed by one of three open systems: obtaining filtered
red cells by perfusing red cell concentrate through an
Imugard (IG 500) filter (Terumo Corporation, Ste-

Therese, PQ) at 150 mm Hg of pressure, following the
manufacturer's instructions; washing fresh red cell con-
centrate with saline in the IBM 2991 cell washer;7 and
deglycerolizing and washing frozen blood9 in the IBM
2991 cell washer.'0

Sample testing

Packed cell volume, blood volume and leukocyte
counts were determined before and after processing in
aliquots of each unit of whole blood or red cell
concentrate used in the study. Leukocyte counts were
performed manually because glycerolization produces
leukocyte fragments and debris in frozen blood, and this
results in artificially high values when an electronic
particle counter is used: previous experience in our
laboratory has shown that electronic cell counting gives
values up to 10% higher than manual counting. Differ-
ential counts could not be made with frozen blood, again
because of cellular rupture due to glycerolization. For
the various products the efficacy of leukocyte removal
and red cell recovery was compared.

Results

As shown in Table I, each of the four methods
reduced the leukocyte count below 0.25 X 109 per unit,
with freezing and filtration producing the lowest counts
and highest percentage removal. Differential leukocyte
counts showed that 99% of lymphocytes were removed
by each of the three methods studied. Attempts to use
an Imugard filter to produce more than one unit of red
cell concentrate were not successful: the proportion of
leukocytes removed decreased with each successive unit
filtered, with average values of 85% for the first unit,
52% for the second and 40% for the third.
The proportion of red cells recovered was similar

(about 82%) with the three open-system methods but
much lower (62%) with the closed inverted-spin method.
The shelf life of the products prepared by the three

open-system methods was considerably shorter (24
hours) than that of the product prepared in a closed
system (35 days). In addition, since the latter was

CAN MED ASSOC J, VOL. 130, JUNE 15, 1984

Table I-Comparison of different methods of preparing leukocyte-poor blood

Mean ± standard deviation or absolute value per unit

Packed cell Leukocyte % of % of Cost of Preparation
Weight volume count per bag leukocytes red cells Shelf supplies time

Product (g) (L/L) (X 10') removed recovered life ($) (min)

Leukocyte-poor red
cell preparation
(n = 23) 160 + 21.35 0.68 0.09 0.22 ± 0.17 91 i 5.45 62 ± 7.69 35 d - 30

Filtered cells*
(n = 8) 261 ± 13.12 0.63 i 0.08 0.19 i 0.15 93 ± 6.08 82 + 8.61 24 h 15 30
Washed cellst
(n = 21) 226 ± 33.12 0.74 ± 0.03 0.21 ± 0.18 90 ± 7.46 80 ± 8.23 24 h 24* 30

Frozen blood
(n = 11) 213 ± 39.12 0.75 ± 0.06 0.13 i 0.15 96 i 2.47 85 ± 7.30 24 h 60 90

*Imugard filter was used to process each unit.
tSaline and an IBM 2991 cell washer were used.
*Cost of processing two units in one bag, $35.
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processed in its original collection pack it was much
cheaper to make than the other three products.

It took 30 minutes to process units by the inverted-
spin method, automated cell washing or filtration,
whereas it took 90 minutes to thaw and process frozen
blood.

Discussion

The data from this study suggest that the inverted-
spin method of preparing leukocyte-poor blood, aside
from being faster and cheaper than the other three
methods tested, yields a product that is sufficiently
depleted in leukocytes to satisfy most requirements for
leukocyte-poor blood. Furthermore, this preparation has
a shelf life of 35 days and thus can be provided by the
Canadian Red Cross blood transfusion service at any
time.

Alternatively, when leukocyte-poor blood is required
immediately, hospitals can use Imugard filters. Unfortu-
nately, the filter is not intended for, nor does it easily
adapt to, bedside use since it requires priming with 250
mL of saline before the blood is perfused and since the
perfusate line is open to allow saline to be removed
before transfusion begins. Also, processing more than
one unit of blood with an Imugard filter greatly reduces
the method's efficacy: only 40% of the leukocytes will be
removed after a filter is used for a third unit. Using a
new filter for each unit thus greatly increases the
method's cost.
The literature suggests that a reduction of the leuko-

cyte content to levels below 0.3 X 109 per unit will
protect most patients against febrile nonhemolytic trans-
fusion reactions; thus, the dedication of time and effort
toward production of a preparation with even fewer
leukocytes is not warranted in most cases.'"2

In a study of 99 658 transfused units Menitove and
associates3 found that 0.5% caused febrile nonhemolytic
transfusion reactions. Only 15% of the patients experi-
enced another such reaction and required transfusion of
leukocyte-poor blood thereafter. Their experience
showed that leukocyte-poor blood prepared by the
inverted-spin method was acceptable, causing only one
additional febrile nonhemolytic transfusion reaction.
Thus, efforts at producing a purer red cell preparation
should be reserved for a few selected patients.
We recommend that clinicians who require leukocyte-

poor blood first request the product prepared by the
inverted-spin method, which will be suitable in most
cases. If febrile nonhemolytic transfusion reactions
persist, leukocyte-poor blood prepared by one of the
more efficient but more expensive and time-consuming
methods should then be requested.
We thank medical director Dr. Tom Bowen and the staff of
the Calgary centre of the Canadian Red Cross for information
concerning their use of leukocyte-poor red cell preparations.
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CMAJ will print notices offorthcoming meetings of interest
to Canadian physicians as space allows. Because of the large
number of meetings, we will list only those of national
interest taking place in Canada or those outside Canada that
are sponsored by a Canadian organization. Notices should be
received at least 3 months before the meeting and should
include the following information:

Date
Title
Place and city
Contact person and telephone number

June
June 22-26, 1984
Canadian Dermatological Association annual meeting
Loews Le Concorde, Quebec
Dr. Richard Cloutier; (418) 694-5092

June 23-27, 1984
Canadian Paediatric Society annual meeting
Westin Hotel, Toronto
(613) 737-2728

June 23-28, 1984
Canadian Association of Pathologists annual meeting
Hotel Nova Scotian, Halifax
Dr. Clayton Dymond; (902) 423-1371

June 24-27, 1984
Canadian Ophthalmological Society annual meeting
Quebec Hilton Hotel, Quebec
(613) 731-6493

June 25-28, 1984
75th Annual Conference of Canadian Public Health

Association
Calgary Convention Centre, Calgary
Karen Hall; (613) 725-3769
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