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ABSTRACT

For many years filtration for removal of leucocytes from
red blood cell (RBC) and platelet transfusions was applied
for selected patients to prevent cytomegalovirus (CMV)
(re)activation, HLA immunisation and recurrent febrile
nonhaemolytic transfusion reactions (FNHTR). Since the
1980s, there was also growing concern about cancer
recurrence and postoperative infections. In this review we
discuss the studies on possible benefits of leucoreduction.
In 2001 the Dutch Health Council decided that all blood
products should undergo leucoreduction by filtration, as a
precautionary measure to reduce possible transmission of
variant Creutzfeld-Jacob disease (vCJD). The incidences of
transfusion-transmitted CMV infection, HLA immunisation
and FNHTR are decreased by universal leucoreduction.
However, transfusion-related immunomodulation with
presumed negative effects on cancer immunosurveillance,
postoperative infections or aggravating organ failure,
investigated in randomised controlled trials, revealed no
support for extended indications for leucoreduction. An
exception was seen in cardiac surgery where leucoreduction
reduced short-term mortality by approximately 50%. The
exact mechanism(s) for this effect is (are) not known.
Pro-inflammatory cytokines induced by leucocyte-
containing RBC transfusions in combination with the
inflammatory response after cardiac surgery may aggravate
morbidity and could lead to mortality.

In this review we discuss the evidence for the benefits of
universal leucoreduction. Based on the available evidence,
reversal to the use of buffy-coat depleted RBCs and
restricted indications for leucoreduction by filtration
(extended with open-heart surgery) is a safe option.
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INTRODUCTION

In the 1970s awareness grew that leucocytes present
in blood components intended for transfusion could
transmit cytomegalovirus (CMV), evoke human leucocyte
antigen (HLA) antibodies and induce immunosuppression.
Leucocyte antibodies can cause febrile transfusion
reactions, platelet transfusion refractoriness and for
dialysis patients prolong the waiting time for a suitable,
cross-match negative, renal transplant. Seemingly in
contrast, patients receiving a kidney allograft showed
improved graft outcome after pretransplant blood
transfusions.’ This observation caused concern for possible
impairment of immune surveillance against cancer and
susceptibility for postoperative infections.? This initiated
research on the role of allogeneic leucocytes in blood
components to remove these leucocytes by centrifugation
and later by filtration, with gradually increasing efficiency
from 1-log up to 4-log reduction. The presumed adverse
and beneficial effects of passenger leucocytes in blood
transfusions are referred to as transfusion-related
immunomodulation (TRIM).

Besides leucoreduction of platelet transfusions, indications
for leucoreduced (LR) red blood cells (RBCs) were initially
restricted to patients with a high risk for the sequels of
HLA antibodies and CMV transmission, e.g. intrauterine
transfusions, prematurely born infants, patients needing
platelet transfusions and patients with or awaiting an organ
transplant. In addition, patients who suffered twice from
a febrile non-haemolytic transfusion reaction (FNHTR)
further received LR blood components. In 2001, as a
precautionary measure to reduce possible transmission of
variant Creutzfeldt-Jakob disease (vC]D), the Dutch Minister
of Health ordered that all blood products should be leucocyte
depleted. Transmission of vCJD is, a decade later, no
longer considered to be a serious transfusion risk to justify
universal leucoreduction (ULR). In this review we discuss
studies on other possible clinical benefits of leucoreduction.
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STUDIES ON CYTOMEGALOVIRUS
TRANSMISSION

After infection, CMV is latently present in mononuclear
cells lifelong. When T lymphocyte mediated control is
lost due to immune suppressive treatment, endogenous
CMV replication can lead to CMV disease. CMV disease in
immunocompromised patients is life-threatening. Foetuses
and prematurely born infants and CM V-negative recipients
of solid organs or haematopoietic stem cells of CMV-negative
donors are at risk to acquire primary transfusion transmitted
(TT)-CMV infection. Besides TT-CMV infection, another
concern was that immunomodulation by allogeneic
leucocytes in blood components would stimulate endogenous
virus replication in CMV-seropositive recipients. To prevent
TT-CMV infection, seronegative donors (approximately half
of the donor population) can be selected. Leucoreduction,
removing leucocytes harbouring latent CMYV, is another
option. A systematic review of studies in newborns on
leucoreduction reported a clinically relevant but not
significant (OR: 0.19; 95% CI: 0.01 to 3.41) possible reduction
of TT-CMV infection However, studies not conducted in
the Western world often find no benefit of leucoreduction,
attributed to a high level of community-acquired CMV
infections in areas where CMV is more endemic.

The question also arose whether leucoreduction and
CMV-seronegative donor selection are equally safe. A
systematic review of all available studies until 2005, mainly
conducted in bone marrow transplant (BMT) recipients,
showed that compared with non-CMV screened and non-LR
transfusions both approaches showed a huge and significant
92 t0 93% reduction of TT-CMV infection. After transfusion
of blood from CMV-seronegative donors an incidence of
TT-CMV infection was observed in 1.45% of 829 recipients (11
studies) and after LR transfusions in 2.73% of 878 recipients
(12 studies)s Three controlled studies compared selection of
CMV-seronegative donors with leucoreduction by filtration
in BMT patients.®® A meta-analysis of the three studies
revealed that CMV-seronegative transfusions compared with
LR transfusions was associated with a 58% reduction in CMV
risk (OR: 0.42; 95% CI: 0.22 to 0.79)5 Recent prospective
studies, using CMV-PCR, even observed a higher CMV
conversion rate. Of 46 haemato-oncological patents, three
(6.5%) became CMV-PCR positive. They had received 1316
blood products of which 460 derived from CMV-seropositive
donors, suggesting a transmission rate of 0.65%/product.
Because community-acquired CMV could have occurred
during the study period spanning two years, the incidence
of CMV transmission may be less, but this study illustrates
that leucoreduction does not provide complete elimination
of CMV transmission.? Besides technical failures, non-cell
bound CMV in plasma that can be detected in donors up to
a year after primo-infection might be a cause.™ The VATS
(Viral Activation Transfusion Study), a randomised controlled

trial in human immunodeficiency virus (HIV) positive
anaemic patients, showed that the viral replication rate of
CMYV and HIV was not enhanced after standard, non-LR RBC
compared with LR-RBC transfusions, offering no support that
allogeneic leucocytes lead to stimulation of endogenous CMV
activation.™ A recent survey of current practice in the United
States on the prevention of TT-CMV infection showed that
65% of responding institutions considered both methods to
be equally safe.? In the Netherlands, a coupled transfusion
strategy (seronegative donor selection and leucoreduction) is
advised for very high-risk patients, such as patients needing
intrauterine transfusions and very low birth weight newborns,
while transplant patients receive only LR blood components.™
Although leucoreduction significantly reduces TT-CMV
infection the question whether it is as safe as selection of
CMV-seronegative donors has not been solved.

STUDIES ON FEBRILE NON-HAEMOLYTIC
TRANSFUSION REACTIONS

Febrile non-haemolytic transfusion reactions (FNHTR)
are the most common transfusion reactions.* FNHTR
results from leucocytes in transfused blood destroyed by
antibodies in the recipient, generating pyrogens in vivo or
by pyrogenic cytokines such as IL-6, IL-8, TNF-a, IL-1fy and
CD4oL, which are released during storage by contaminating
leucocytes and platelets.’5™® In a multivariate analysis the
storage duration of RBCs before transfusion was identified
as a more significant factor associated with FNHTR than
leucocyte contamination.”” In a randomised controlled trial
(RCT) the supernatants of stored non-LR platelets and not the
platelets themselves caused febrile reactions.”® RCTs on the
incidence of FNHTR after LR components as compared with
standard products are scarce. In an RCT using FNHTR after
platelet transfusions as primary endpoint a modest absolute
decrease of 11.7% by leucoreduction was found.” Two large
RCTs in multi-transfused patients evaluating transfusion
reactions as secondary endpoint, the VATS" and the TRAP
study (Trial to Reduce Alloimmunization to Platelets)>> did
not find a decrease of FNHTR, either for leucoreduction of
red cells® or for leucoreduction of platelets.>®

Because FNHTR in incidentally transfused patients is
a rarer event, comparative studies would require large
patient numbers. Such studies were mainly conducted as
‘before-and-after ULR’ retrospective studies. In the John
Hopkins Hospital (Baltimore, Maryland, USA) a study was
conducted comparing the year 1994 (before) with 2001
(after) evaluating more than 35,000 RBC transfusions.
This study reports a reduction of FNHTR from o0.37 to
0.19% (p=0.0008).2" A similar retrospective analysis from
Canada comprising over 140,000 RBC and over 57,000
platelet units, reported a reduction of 0.33 to 0.11% in favour
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of LR-RBC and 0.45 to 0.19% for LR platelets (p<o.oo01).2
The introduction of ULR more than halved FNHTR in
these studies, but it should be noted that in both of these
large surveys the non-LR transfusions were not buffy-coat
reduced (removing approximately 60% of the leucocytes
and 9o% of the platelets) as was standing practice in
most European countries, including the Netherlands.
Residual FNHTR to LR blood components may arise from
small amounts of residual leucocytes in case of heavily
immunised patients with strong antibodies or from soluble
factors (IL-8, sCDgo-ligand) released by leucocytes and
platelets in the hours prior to filtration or during storage
of platelets.'®>24 In case of platelet transfusions, which are
leucoreduced to prevent alloimmunisation, reduction of
storage interval or even washing before transfusion may
limit FNHTR and other adverse events.

STUDIES ON TRANSFUSION-RELATED
LUNG INJURY

Transfusion-related lung injury (TRALI) is a life-threatening
transfusion reaction with an estimated incidence of 1:1000
to 5000 plasma-containing blood transfusions. TRALI is
defined as non-cardiogenic lung oedema presenting within
six hours after completion of transfusion. Although strong
leucocyte-reactive antibodies in donor plasma can cause
TRALI, the syndrome is more often the result of two or
multi-hit events. Endogenous neutrophil priming associated
with the patient’s underlying illness, combined with
biological response modifiers (BRMs) in blood products,
result in neutrophil-induced pulmonary endothelial
damage leading to capillary leakage. Besides leucocyte-
reactive antibodies present in donor plasma, soluble factors
accumulating during storage of red cells and platelet
products have been associated with TRALIL.>+%7 Although the
presence of leucocytes contributes to the generation of BRMs
during storage enhancing accumulation of lipid-priming
agents and lysophosphatidylcholines (lyso-PC) as neutrophil-
priming factors, sCD4oL and other cytokines released
by platelets may play a key role in endothelial activation
causing TRALIL>28° To further reduce FNHTR and TRALI,
removal of plasma or washing of blood components before
transfusion has been proposed.2¢3!

STUDIES ON PLATELET TRANSFUSION
REFRACTORINESS

Patients who receive platelet transfusions can develop
refractoriness, defined as lack of post-transfusion increment
and mostly resulting from clinical causes increasing
platelet turn-over. Anti-HLA class I antibodies are the
major cause of immunological platelet transfusion
refractoriness. Platelets strongly express HLA class I

antigens and depending on the strength of allo-antibodies,
transfused incompatible platelets are immediately or more
slowly destroyed. The immune response to foreign HLA
antigens differs from an immune response against all
other antigens, which is dependent on the indirect pathway.
In the indirect pathway, foreign antigen is processed to
peptides and presented by self HLA class II antigens on
antigen presenting cells (APCs) and activates self CD4+
T-cells. Through the direct pathway, foreign donor HLA
class II expressing APCs directly stimulate recipient CD4+
cells approximately 100 times more efficiently than by the
indirect pathway3* In peripheral blood, dendritic cells,
monocytes and B-cells but not platelets constitutionally
express HLA class II antigens. Removal of class II bearing
white cells virtually abolishes HLA class I immunisation
by platelets. The mechanism has not been completely
unravelled, but an active process is presumed requiring
even a low number of donor leucocytes.s

Besides foreign HLA antigens (signal 1) also co-stimulatory
molecules are necessary (signal 2) for an effective
APC-CDg4+ T-cell interaction. After approximately
two weeks of storage, leucocytes lose expression of
co-stimulatory molecules associated with impaired
immunogenicity.3435 Experiments in the mouse confirmed
that, dose-dependently, addition of viable leucocytes but not
non-viable leucocyte (fragments) to a platelet suspension,
strongly enhanced antibodies against HLA class I antigens .3

After an initial observational study,” from 1983 to 1995,
six (five small European) RCTs with a sample size of seven
to 46 patients and in total comprising 295 patients (140
after prior exposure to pregnancy and/or transfusions
and 155 naive patients) compared leucocyte-reduced with
standard platelet transfusions. A meta-analysis of these
early studies concluded on a 68% reduction of risk for
platelet refractoriness (95% CI: 0.18 to 0.56) by LR platelet
transfusions.’® In 1997 the results of a larger study from
the US, the TRAP study,> comprising 400 patients,
came to a similar outcome of a highly significant 74%
reduction in platelet refractoriness. In both the combined
European studies and the US TRAP study immunological
naive patients benefited most from leucoreduction (>85%
reduction in refractoriness) as compared with patients
with prior pregnancies (circa 50% reduction)® Since
leucoreduction of platelet transfusions, refractoriness
towards random platelet transfusions due to HLA
antibodies affects less than 5% of the patients.3

STUDIES ON TRANSFUSION-INDUCED
ALLOIMMUNISATION

Few studies investigated HLA immunisation after LR RBC
transfusions. An observational before-and-after ULR study
in RBC-transfused dialysis patients found no reduction in
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HLA antibodies.4> An RCT comparing buffy-coat depleted
versus LR RBC in cardiac surgery patients observed not
only a similar incidence of HLA antibodies in both groups,
but also of RBC antibodies.+

Red blood cells carry very few HLA class I antigens,
but maybe their longer survival time creates a better
opportunity for indirect presentation compared with
short-living platelets. The presence of allogeneic leucocytes
in RBC transfusion was also presumed to enhance
antibodies against RBC antigens. Data in animal studies
suggested that a concomitant inflammatory reaction
as danger signal, as could be given by transfusion of
allogeneic leucocytes, would enhance RBC alloimmu-
nisation.4* Observational studies on this subject are not
equivocal.# A large Dutch before-and-after ULR study
comparing buffy-coat depleted RBC and LR RBC found no
difference in RBC alloimmunisation.+

STUDIES ON PRETRANSPLANTATION
BLOOD TRANSFUSIONS

Pretransplantation third-party blood transfusion reducing
kidney graft rejection has been investigated in only three
RCTs of different designs.#+ One study in 52 patients
compared the effect of standard unmodified RBCs with
buffy-coat-poor or washed RBC on the development of HLA
antibodies and graft survival. No difference in outcome
was observed, but the leucoreduced products did not meet
the standards (<10° leucocytes/unit) and all products may
have been equally effective.# In a multicentre randomised
study in 423 prospective cadaver kidney transplantation
patients, a better one-year (9o vs 82%; p=0.02) and
five-year (79 vs 70%; p=0.025) graft survival was observed
after three random pretransplantation transfusions of
unmodified RBCs compared with no transfusions.+°
Also severe rejections were significantly reduced in
patients receiving RBCs. In a third multicentre study, 144
patients were randomly assigned to one HLA-DR shared
transfusion (n=49), one HLA-DR mismatched transfusion
(n=48) or no transfusion (n=47). Blood transfusion
consisted of unmodified RBCs stored for less than 72
hours. There was no difference in graft survival at one
year (90, 92 and 92%) or at five years (79, 84 and 80%)
respectively. The incidence of acute rejections in patients
who had received an HLA-DR shared transfusion was lower
than observed in the other two groups (19 vs 33%), but this
was not statistically significant in this small study.4” The
three studies do not allow a combined analysis because
of heterogeneity in design and the different immunosup-
pressive protocols and blood products used. Although the
largest study found a protective effect of blood transfusion
on renal graft survival,#® the smaller study designed
on the presumed mechanism of induction of allograft

tolerance by HLA-DR sharing blood transfusions was
not supportive.# Lacking more confirmatory studies an
evidence-based conclusion on graft-tolerising effect by
pretransplant allogeneic leucocytes in blood products is as
yet not possible.

STUDIES ON CANCER RECURRENCE

After the finding that blood transfusions could improve
renal transplant outcome,’ concern was expressed of a
deleterious effect of (leucocyte-containing) transfusions
on cancer immune surveillance.? This initiated over
100 retrospective and observational clinical studies, not
resulting in conclusive data.4° In contrast few RCTs in
colorectal cancer surgery with curative intent have been
conducted to compare leucocyte-containing (buffy-coat
depleted) with LR RBCs. Local and distant cancer
recurrence was similar in both groups at short-term and
at five-year follow-up.4952 It may be noted that colorectal
cancer is a weakly immunogenic tumour and that the
malignant cells can downregulate HLA expression and
co-stimulatory molecules allowing tumour cells to escape
from immune attack, whether or not the immune response
is suppressed by transfusions.”® An immunosuppressive
effect of leucocyte-containing RBC transfusions on cancer
immunosurveillance has been shown to be absent for
colorectal cancer; it has never been shown in other
malignancies either, although because of lack of studies it
can still not be excluded.

STUDIES ON POST-TRANSFUSION
INFECTIONS

Another concern of the immunosuppressive effect of
leucocyte-containing RBC transfusions was susceptibility
for infections, in particular in the postoperative period.
Sixteen RCTs, conducted in various clinical settings,
evaluated post-transfusion infections as primary or
secondary endpoint after LR RBC transfusions; six in
colorectal surgery,+5°5457 gix in open heart surgerys®®
and four in miscellaneous conditions.'**+%¢ These studies
varied as to single or multiple centre design, clinical
diagnosis, methods to document infections and proportion
of transfused patients ranging from 14 to 95% and revealed
different outcomes (table 1).

Several meta-analyses were performed but these came to
different conclusions. Meta-analyses using intention-to-treat
analyses seldom found associations between LR transfusions
and postoperative infections.” The other meta-analyses,
restricted to transfused patients only, thereby excluding
36% of the study population, reported up to almost 60%
reduction in postoperative infection after transfusion of LR
RBC.% A role of leucocyte-containing RBCs on the increase
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Table 1. Characteristics of patients participating in RCTs comparing leucodepleted versus leucocyte-containing RBCs

No. RBCs Transfused Main endpoints Results
meanxSD or patients with (LD vs BCD)
median (range) >4 RBC (%)
LD 2 (1-4) ND Infections 0.2 vs 23%"
WB 2 (1-5)
LD 3 (1-10) LD 104 (31) Cancer recurrence 30 vs 32%
BCD 3 (2-11) BCD 94 (26) Infections 36 vs 32%
LD 2 (1-5) ND Infections 3.0 vs 23%°
BCD 2 (1-6) Mortality 3.4 vs 2.8%
ND ND Infections 15 Vs 44%"
LD 3 (2-4.3) ND Infections 45Vs 37%
BCD 3 (2-6)
LD 3.5 LD 62 (23) Infections 23 vs 23%
BCD 3.5 BCD 58 (21)  Hospital stay —2.4 days®
MODS 14 VS 17%"
Mortality 10.3vs 8.4%
LD3.6+03 ND Respiratory support 3.6 vs 8.1%
BCD3.6x03 Hospital stay 15.5 vs 15.5 days
Mortality 52.5 VS 49.7%
LD 9.2+9.6 ND Infections 30vs 36%
PC8.6+9.9 MODS 5.9 vs 6.6%
Mortality 22 Vs 19%
ALl 42 Vs 43%
FF53+4.1 FF 164 (58) Infections 17 vs 18 vs 23%
SFs55+5.6 SF 169 (6o)  Mortality 3.6 v$ 3.3 Vs
BCD 5.4 +5.1 BCD 175 (58) 7.8%"
LD3 ND Infections ns; data ND
PC3 Mortality 5.9 Vs 7.5%
ICU/Hospital stay ~ ns; data ND
WBF3.9+3.9 ND Infections 49 vs 38 vs 35%
BCD 3.5+2.6 Mortality 0.5 VS 2.9 Vs
PC2.9+1.8 2.5%"
LD 6.2 7.1 LD 145 (67)  Infections 23 vs 32%°
BCD5.9+ 6.1  BCD131r(61) MODS 20 Vs 21%
Mortality 8.4 vs 12.7%
LD(SF) 5.6+ 13 LD 16 (42) Infections 13 vs 26% (PTIL:
PC5.6t10 PC 15 (48) Mortality o vs 13%")
2.6 vs 3.2%
ND ND Mortality 4.9Vs 9.7%"
LD 2 (1-9) LD 498 (35)  Mortality 9 vs 8.5%
PC 2 (1-9) PC 474 (35) Hospital stay 8.8 vs 8.9 days
Antibiotics 31.5 Vs 34%
Mean 7.3 ND Mortality 58% vs 53%
HIV RNA level Similar

Author; year  No. patients/  Clinical setting Transfused
No. transfused patients
(%)
Jensenetal;  197/104 (53)  Colorectal surgery LD 48
1992 5+ WB 56
Houbiers et al.; 697/446 (64) Colorectal cancer LD 216
1994 40 surgery BCD 230
Jensenetal; 586/ 260 (44) Colorectal surgery LD 118
1996 5 BCD 142
Tartteretal.; 221/ 59 (27) Colorectal surgery LD 25
1998 5 BCC 34
Titlestad et al.; 279/ 112 (45)  Colorectal surgery LD 48
2001 % BCD 64
van Hilten 1051/ 545 (52)  Colorectal cancer LD 267
etal,; surgery and aortic BCD 278
2004 % aneursm
Skanberg et al.; 642/298 (46) Colorectal cancer LD 137
2007 5° BCD 161
Nathens et al.; 1864/ 268 (14) Trauma patients LD 136
2006 BCC 132
van de 914/ 866 (95) CABG = valve FF 283
Watering et al.; surgery SF 280
1998 5 BCD 303
Bracey et al.; 357/ 295 (83)  CAGB = valve LD 136
2002 % surgery BCC 159
Wallis et al.; 597/ 409 (69) CABG = valve LD 176
2002 % surgery BCC 175
PR 158
Bilgin et al.; 474/ 432 (91)  Valve surgery + LD 216
2004 CABG BCD 216
Connery etal.; 98/ 69 (70) Primary CABG LD 38
2005 62 BCC 31
Boshkov etal; 1227/562 (46) CABG x valve LD 304
2006 % surgery BCC 258
Dzik et al.; 2780 (100) All patients LD 1355
2002 % BCC 1425
Collieretal;  531/524 (99)  HIV-positive LD 259
2001 " BCC 262
PTI = pulmonary tract infections; SF= stored filtered RBCs; WB = whole blood; WBF = white blood cell filtered.

*Data on ALI were reanalysed and presented in another publication’ than the initial publication.’® bStatistically significant (p<o.o5) between BCD and LD
(SF+FF). ‘This RCT was interrupted early. ALI = acute long injury; BCC = buffy-coat-containing RBCs; BCD = buffy-coat depleted RBCs; FF = fresh filtered
RBCs; LD = leucodepleted RBCs; MODS = multi-organ dysfunction syndrome; ND = not documented; ns = not significant; PR = plasma-reduced RBCs;

of postoperative bacterial infections is not proven beyond
reasonable doubt. However, only a few studies adjusted
for the number of administered RBC, which may be an
important factor as observed in cardiac surgery patients.

STUDIES ON MORTALITY AFTER
SURGERY

A Dutch randomised controlled trial, aimed to investigate
development of HLA-antibodies and postoperative
infections after RBC transfusions in cardiac surgery, found

surprisingly a higher mortality rate in patients receiving
leucocyte-containing RBC transfusionss® Mortality due
to multi-organ dysfunction syndrome (MODS) was the
major cause of excess deaths after non-LR transfusions.
In this study patients were randomised to three different
blood products; buffy-coat-depleted (BCD) RBCs were
compared with two filtered RBCs: either fresh filtered
RBCs before storage (FF) or stored filtered RBCs (SF).
Between the two types of filtered RBCs the mortality rate
was not different. This suggests that soluble mediators,
still present in the SF products, caused no more adverse
effects than FF RBCs, lacking leucocyte-derived soluble
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factors. A subsequent Dutch RCT conducted in high-risk
cardiac surgery (anticipating higher transfusion needs)
investigated the effect of leucoreduction on the incidence
of MODS, but found no difference in incidence (circa 20%)
after leucocyte-containing RBCs or LR RBCs.® However,
MODS as a cause of death occurred more often in patients
who received BCD RBC. Subgroup analysis showed that
only patients who received more than three RBC units
suffered higher mortality in the group receiving BCD RBC.

In total 12 RCTs investigated mortality in different
clinical settings: six in cardiac surgerys®® and six in other
settings.555764-66.69 Overall, no adverse effect of leucocyte-
containing transfusions on short-term mortality has been
found (OR: 1.14; 95% CI: 0.89 to 1.45). This meta-analysis
identified an exception for cardiac surgery (OR: 1.72; 95%
CI: 1.05 to 2.81) (figure 1.)%7

The observation that it is not the soluble mediators released
by leucocytes during storage but rather the number of units
transfused that entails the worse outcome 3% suggests
that more complex surgical patients requiring more RBC
transfusions are more susceptible to TRIM. We analysed
in more detail the causes of death in our two RCTs in
cardiac surgery”° This revealed an excessive mortality rate
in patients who received standard BCD RBCs, compared
with before storage filtered LD RBCs; these patients
died from a combination of MODS and the presence of
infections in the postoperative period (OR: 2.92; 95%
CI: 1.22 to 6.97; p=0.02). All other causes of short-term
mortality, such as bleeding, cardiac causes, surgical
complications, postoperative infections alone and MODS
without infections, were equal in both transfusion arms.

Figure 1. Short-term mortality in RCTs comparing
filtered RBCs and non-filtered RBCs (OR, 95% CI)
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Comparison of long-term mortality after transfusions
of BCD RBCs or LR RBCs has only been investigated
after colorectal cancer surgery, which observed no
difference in survivals® Although in cardiac surgery
the long-term survival is negatively influenced after
perioperative allogeneic blood transfusions as compared
with nontransfused patients,”” the long-term effect of
allogeneic leucocytes in RBCs after cardiac surgery is not
known.

COST-EFFECTIVENESS OF
LEUCODEPLETION

Analyses on the cost-effectiveness of leucodepletion are
scarce and are mainly based on observational data, mainly
in selected patient cohorts. Leucoreduction of whole
blood was associated with lower hospital costs than
leucocyte-containing blood transfusions in colorectal
surgery’? and leucoreduction of platelets was cost-beneficial
in the treatment of acute myeloid leukaemia and
lymphoma.? The cost-effectiveness in cardiac surgery
was analysed based on data derived from two studies
performed in the Netherlandss®% The results showed
that RBC leucodepletion was cost-effective. The benefit
of leucodepletion of RBCs was between $220 and $310
US per life-year gained in coronary artery bypass graft
patients” and $214 US per cardiac valve surgery patient, on
average’s Only one RCT is available that can be applicable
to estimate the general costs of ULR. In this study all
patients in the Massachusetts General Hospital (Boston,
Massachusetts, USA) were randomised to standard RBC
and LR-RBCs. No clinical benefit but also no increase of
costs were associated with LR.%

POSSIBLE MECHANISMS OF
TRANSFUSION-RELATED
IMMUNOMODULATION

From the mentioned RCTs, a negative effect of allogeneic
leucocytes in RBC transfusions was only found in open
heart surgery showing (transfusion dose related) excess
mortality from postoperative infections in patients who
had developed MODS, indicative for a two- or multiple-hit
event. This suggests a synergistic effect between
transfusion-related immunomodulation and excessive
tissue damage and/or with extracorporeal bypass. In
cardiac surgery blood is exposed to the extracorporeal
circuit, hypothermia and ischaemia/reperfusion
injury. Tissue damage generates products and exposes
structures of degraded tissue (e.g. heat-shock proteins,
proteases) interacting with sensors (Toll-like receptors)

on macrophages leading to immediate release of stress
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hormones, inflammatory cytokines and chemokines.”®
Besides release of cortisol, serotonin, TNF-a, IL-1-a., IL-6
and IL-8, the coagulation and complement systems are
activated.””

Cardiopulmonary bypass surgery always leads to a
systemic inflammatory response syndrome (SIRS). SIRS
is characterised by two or more of the following criteria:
hypothermia (temperature less than 36°C) or fever above
38°C, tachycardia more than 9o beats/min, tachypnoea
(more than 20/min) or pCO, less than 4.4 kPa (32 mm
Hg), leucopenia below 4 x 109/1 or leucocytosis above 12
x 109/1. SIRS reflects a cytokine storm with an abnormal
regulation of cytokines and is immediately counteracted
by a compensatory anti-inflammatory response syndrome
(CARS)”® CARS has an immune paralysing effect and
is characterised by anti-inflammatory cytokines, such as
TGF-B1, IL-4 and IL-10 and inhibition of the IL-12-IFN-a
pathway, impairing natural defence against invading
micro-organisms.” SIRS usually resolves with adequate
supportive therapy and most of the patients recover.
However, overwhelming SIRS can dominate CARS and
progress to MODS, which may lead to mortality. Cytokine
profiles have been extensively investigated during and
after cardiac surgery. A study that evaluated the cytokine
pattern up to 48 hours after CABG surgery in 24 patients
recovering uneventfully from SIRS shows that cardiac
surgery immediately evokes a biphasic cytokine response.?°

In patients participating in an RCT comparing LR RBCs
with BCD RBCs the pro- and anti-inflammatory cytokine
profiles were investigated.® The analyses revealed that
patients who would develop infections had higher IL-6
and patients who would develop MODS higher IL-12
concentrations in the group that received more than three
units of leucocyte-containing RBCs. These findings support
that leucocyte-containing blood transfusions amplify an
inflammatory response in addition to an ongoing SIRS
induced by cardiac surgery. This may lead to a more
profound CARS associated with enhanced susceptibility
for postoperative infections. Leucocyte-containing RBC
transfusions to patients with an activated inflammatory
response seems to imbalance the postoperative SIRS-CARS
equilibrium by initially aggravating SIRS. The findings
that fresh-filtered RBCs and after storage-filtered RBCs
both reduced postoperative complications compared
with leucocyte-containing RBCs suggests that not the
soluble mediators accumulated in stored RBCs but the
allogeneic leucocytes are the culprit in these clinical
effects of transfusion-related immunomodulation.®> The
possible mechanisms leading to mortality in association
with allogeneic (leucocyte-containing) RBCs after cardiac
surgery are shown in figure 2.

Figure 2. Possible mechanism between allogeneic blood
transfusions and mortality in cardiac surgery
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In addition to the role of leucocyte-containing RBC
transfusions to postoperative mortality after cardiac
surgery, we found an independent role for platelet
transfusions enhancing mortality.® Platelets expressing
CD4oL upon activation (in the extracorporeal bypass
circuit as well as during storage of platelet products)
are presumed to play a vital link between coagulation
and inflammation and may enhance microthrombi and
venous thromboembolism, in particular under changing
rheological conditions.?+9> Both thrombi and infection
play a pivotal role in the development of MODS and
mortality.’788

CONCLUSIONS

We have reviewed the state of evidence for other
benefits of universal leucoreduction. We conclude that:
1) For prevention of TT-CMV infection, in addition to
leucoreduction, selection of CMV-seronegative donors is
still applied for high-risk patients. 2) Leucoreduction of
platelet transfusions is significantly associated with a large
reduction of HLA-antibody formation and refractoriness to
random donor platelet transfusions; however, ULR does not
seem to prevent HLA antibodies after RBC transfusions
and does not influence alloimmunisation against RBC
antigens. 3) Universal leucoreduction halves the incidence
of FNHTR, but cytokines and chemokines accumulating
during storage of cellular blood products are responsible
for residual FNHTR and TRALI. 4) Transfusion-related
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immunomodulation with presumed negative effects on
cancer immunosurveillance, postoperative infections or
aggravating organ failure, investigated in randomised
controlled trials, revealed no support for extended
indications for leucoreduction except in cardiac
surgery using extracorporeal bypass circulation where
leucoreduction of RBCs reduced short-term mortality
by approximately 50%, resulting from a combination of
MODS and infections. This likely represents a multi-hit
synergy between pro-inflammatory cytokines induced
by leucocyte-containing transfusions, deepening of
compensatory immunosuppression enhancing infections,
in combination with activated platelets that may aggravate
micro-thrombosis leading to MODS mortality.

Recently, abolishment of universal leucoreduction and
going back to leucoreduction for the classical indications,
adjusted with open heart surgery has been questioned.?
Based on the available evidence, restriction of indications
for leucoreduction and reversal to the use of buffy-coat
depleted RBCs is a safe option.

REFERENCES

1. Opelz G, Sengar DDS, Mickey MR. Effect of blood transfusions on
subsequent kidney transplants. Transplant Proc. 1973(1);5:253-9.

Gantt CL. Red blood cells for cancer patients. Lancet. 1981; 2(8242):363.

Ferguson D, Hebert PC, Barrington K|, Shapiro SH. Effectiveness of
WBC reduction in neonates: what is the evidence of benefit. Transfusion.
2002;42(2):159-65.

Ohto H, Ujiie N, Hirai K. Lack of difference of cytomegalovirus
transmission via the transfusion of filtered-irradiated and nonfiltered-
irradiated blood to newborn infants in an endemic area. Transfusion.
1999;39(2):201-5.

Vamvakas EC. Is white blood cell reduction equivalent to antibody
screening in preventing transmission of cytomegalovirus by transfusion?
A review of the literature and meta-analysis. Transfus Med Rev.

2005;19(3):181-99.

Bowden RA, Slichter S|, Sayers M, et al. A comparison of filtered
leukocyte-reduced and cytomegalovirus (CMV) seronegative blood
products for the prevention of transfusion-associated CMV infection after
marrow transplantation. Blood. 1995;86(9):3598-603.

Nichols WG, Price TH, Gooley T, Corey I, Boeckh M. Transfusion-
transmitted cytomegalovirus infection after receipt of leukoreduced blood
products. Blood. 2003;101(10):4195-200.

Pamphilon DH, Foot ABM, Adeodu A, et al. Prophylaxis and prevention
ofCMV infection in BM allograft recipients: Leukodepleted platelets
are equivalent to those from CMV seronegative donors. Bone Marrow
Transplantation. 1999;23(suppl 1):S66.

Wu Y, Zou S, Cable R, et al. Direct assessment of cytomegalovirus
transfusion-transmitted risks after universal laukoreduction. Transfusion.
2010;50(4):776-86.

. Ziemann M, Unmack A, Steppat D, Juhl D, Gorg S, Hennig BH. The
natural course of primary cytomegalovirus infection in blood donors. Vox
Sang. 2010;99(1):24-33.

Collier AC, Kalish LA, Busch MP, et al. Leukocyte-reduced red blood cell
transfusions in patients with anemia and human immunodeficiency virus
infection: the Virus Activation Transfusion Study: a randomized controlled
trial. JAMA. 2001;285(12):1592-601.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Smith D,Lu Q, Yuan S, Goldfinger D, Fernando LP, Ziman A. Survey
of current practice for prevention of transfusion-transmitted
cytomegalovirus in the United States: leucoreduction vs.
cytomegalovirus-seronegative. Vox Sang. 2010;98(1):29-36.

. Conceptrichtlijn Bloedtransfusiebeleid, 2011.

. TRIP rapport 2009, Hemovigilantie.

Muylle L, Peetermans ME. Effect of prestorage leukocyte removal on the
cytokine levels in stored platelet concentrates. Vox Sang. 1994;66(1):14-7.

. Silliman CC, Bjomsen A}, Wyman TH, et al. Plasma and lipids from

stored platelets cause acute lung injury in an animal model. Transfusion.
2003;43(5):635-40.
Heddle NM, Klama LN, Griffin L, Roberts R, Shukia G, Kelton JG. A

prospective study to identify risk factors associated with acute reactions
to platelet and red cell transfusions. Transfusion. 1993;33(10):794-7.

. Heddle NM, Klama L, Singer |, Richards G, Fedak P, Walker I, Kelton JG.

The role of plasma from platelet concentrates in transfusion reactions. N
Engl ) Med. 1994;331(10):625-8.

. Heddle NM, Klama L, Meyer R,et al. A randomized controlled trial

comparing plasma removal with white cell reduction to prevent reactions
to platelets. Transfusion. 1999;39(3):231-8.

The Trial to Reduce Alloimmunization to Platelets Study Group.
Leukocyte Reduction and Ultraviolet B Irradiation of Platelets to Prevent
Alloimmunization and Refractoriness to Platelet Transfusions. N Engl
Med. 1997;337(26):1861-9.

King KE, Shirey RS, Thoman SK, Bensen-Kennedy D, Tanz WS, Ness PM.
Universal leukoreduction decreases the incidence of febrile nonhemolytic
transfusion reactions to RBCs. Transfusion. 2004;44(1):25-9.

Yazer MH, Podlosky L, Clarke G, Nahirniak SM. The effect of prestorage
WBC reduction on the rates of febrile nonhemolytic transfusion reactions
to platelet concentrates and RBC. Transfusion. 2004;44(1):10-5.

Chudziak D, Sireis W, Pfeiffer H-U, Henschler R, Seifried E, Bunig H.
Accumulation of soluble inflammatory mediators between blood donation
and pre-storage leukocyte depletion. Vox Sang. 2009;96(2):163-6.

Khan SY, Keiher MR, Heal M, Blumberg N, Boshkov LK. Soluble CD40
ligand accumulates in stored blood components, primes neutrophils
through CD4o0, and is a potential cofactor in the development of
transfusion-related acute lung-injury. Blood. 2006;108(7):2455-62.

Silliman CC, Paterson A), Dickey WO, et al. The association of biologically
active lipids with the development of transfusion-related acute lung injury:
a retrospective study. Transfusion. 1997;37(7):719-26.

Silliman CC, Boshkov LK, Mehdizadehkashi Z, et al. Transfusion related
lung injury: epidemiology and a prospective analysis of etiologic factors.
Blood. 2003;101(2):454-62.

Blumberg N, Heal |M, Gettings KE, et al. An association between
decreased cardopulmonary complications (transfusion-related acute
lung injury and transfusion-associated circulatory overload) and
implementation of universal leukoreduction of blood transfusions.
Transfusion. 2010;50(12):2738-44.

Henn V, Slupsky JR, Grafe M. CD4o ligand on activated platelets
triggers an inflammatory reaction of endethelial cells. Nature.
1998;391(6667):591-4.

Blumberg N, Spinelli SL, Francis CW, Taubman MB, Phipps

RP. The platelet as an immune cell-CD4o ligand and transfusion
immunomodulation. Immunol Res. First published online: 29 Jan 2009.

Vlaar AP, Hofstra ]J, Kulik W, et al. Supernatant of stored platelets causes
lung inflammation and coagulopathy in a novel in vivo transfusion model.
Blood. 2010;116(8):1360-8.

Vlaar AP, Schultz M), Juffermans NP. Transfusion-related acute lung
injury: a change of perspective. Neth | Med. 2009 Nov;67(10):320-6.

Liu Z,Sun YK, Xi IP, et al Contribution of direct and indirect recognition
pathways to T cell allorectivity. | Exp Med. 1993;177(6):1643-50.

Semple JW. Leucodepletion and immune response mechanisms. Vox
Sang. 2004;87(Suppl 2):136-8.

Mincheff MS, Meryman HT, Kapoor V, Alsop P, Wotzel M. Blood
transfusion and immunomodulation : a possible mechanism. Vox Sang.
1993;65(1):18-24.

Bilgin, et al. Leucoreduction of blood transfusions.

OCTOBER 2011, VOL. 69, NO 10

448



35.

36.

37-

38.

39.

40.

43.

44.

45.

47.

48.

49.

50.

51.

52.

53.

54.

Netherlands

TheJournal of Medicine

de Wolf ), Westerterp A, Smit Sibinga C, Halie MR. Prestorage Leukocyte
depletion is not necessarily required for the prevention of refractoriness
to platelet transfusion. Blood. 1995;8(8):3263-4.

Claas FH), Smeenk RJT, Schmidt R, van Steenbrugge GJ, Eernisse |G.
Alloimmunization against the MHC antigens after platelet transfusions is
due to contaminating leukocytes in the platelet suspension. Exp Hematol.
1981;9(1):84-91.

Eernisse )G, Brand A. Prevention of platelet refractoriness due to HLA
antibodies by administration of leukocyte-poor blood components. Exp
Hematol. 1981;9(1):77-83.

Vamvakas EC. Meta-analysis of randomized controlled trials of the
efficacy of white cell reduction in preventing HLA-alloimmunization and
refractoriness to random-donor platelet transfusions. Transf Med Rev.

1998;12(4):258-70.

Novotny VM, van Doorn R, Witvliet MD, Claas FH, Brand A. Occurence of
allogeneic HLA and non-HLA antibodies after transfusion of prestorage
filtered platelets and red blood cells: a prospective study. Blood.
1995;85(7):1736-41.

Karpinski M, Pochinco D, Dembinski I, Laidlaw W, Zacharias ], Nickerson
P. Leukocyte reduction of red blood cell transfusions does not decrease
allosensitization rates in potential kidney transplant candidates. ] Am Soc
Nephrol. 2004;15(3):818-24.

. van de Watering L, Lorinser ), Versteegh M, Westendord R. Brand A.

Effects of storage time of red blood cell transfusions on the prognosis of
coronary artery bypass graft patients. Transfusion. 2006;46(10):1712-8.

. Zimring JC. Recent developments and future directions of alloimmu-

nization to transfused blood products. Clin Lab Med. 2010;30(2):467-73.

Blumberg N, Heal JM, Gettings KF. WBC reduction of RBC transfusions
is associated with a decreased incidence of RBC alloimmunization.
Transfusion. 2003;43(7):945-52.

Schonewille H, Brand A. Alloimmunization to red blood cell antigens after
universal leucodepletion. A regional multicentre retrospective study. Br |
Haematol. 2005;129(1):151-6.

Sanfilippo FP, Bollinger RR, Macquin JM, Brooks BJ, Koepke JA. A
randomised study comparing leukocyte-depleted versus packed red cell
transfusions in prospective cadaver renal allograft recipients. Transfusion.
1985;25(2):116-9.

. Opelz G, Vanrenterghem Y, Kirste G, et al. Prospective evaluation

of pretransplant blood transfusions in cadaver kidney recipients.
Transplantation. 1997;63(7):964-7.

Hiesse C, Busson M, Buisson C, et al. Multicenter trial of one HLA-DR
matched or mismatched blood transfusion prior to cadaveric renal
transplantation. Kidney Int. 2001;60(1):341-9.

Brand A. Immunological aspects of blood transfusion. Blood Rev.
2000;14(3):130-44.

Houbiers JGA, Brand A, van de Watering LMG, et al. A randomized
controlled trial comparing the prognosis of colorectal cancer patients
transfused with either leukocyte depleted or buffy coat depleted blood.
Lancet. 1994;344(22):573-8.

Skanberg ], Lundholm K, Haglind H. Effects of blood transfusion with
leucocyte depletion on length of hospital stay, respiratory assistance and
survival after curative surgery for colorectal cancer. Acta Oncologica.
2007;46(8):1123-30.

van de Watering LMG, Brand A, Houbiers JGA, Klein Kranenbarg WM,
Hermans J, van de Velde CH]. Perioperative blood transfusions, with or
without allogeneic leukocytes, relate to survival, not to cancer recurrence.
Br) Surg. 2001;88(2):267-72.

Lange MM, van Hilten JA, van de Watering LM, et al. Leucocyte depletion
of perioperative blood transfusion does not affect long-term survival
and recurrence in patients with gastrointestinal cancer. Br | Surg.
2009;96(7):734-40.

Momburg F, Degener T, Bacchus E, Moldenhauer G, Hammerling GJ,
Moller P. Loss of HLA-ABC and de novo expression of HLA-D in colorectal
cancer. Int | Cancer. 1986;37(2):179-84.

Jensen LS, Andersen A, Christiansen PM, et al. Postoperative infection
and natural killer cell function following blood transfusion in patients
undergoing elective colorectal surgery. Br ] Surg. 1992;79(6):513-6.

55-

56.

57

58.

59-

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73

Jensen LS, Kissmeyer-Nielsen P, Wolff B, Qvist N. Randomized
comparison of leucocyte-depleted versus buffy-coat poor blood
transfusion and complications after colorectal surgery. Lancet.

1996;34(9031):841-5.

Tartter P, Mohandes K, Azar P, Endres |, Kaplan ), Spivack M.
Randomized trial comparing packed red blood cell transfusion with
and without leukocyte depletion for gastrointestinal surgey. Am ] Surg.
1998;176(5):462-6.

Titlestad IL, Ebbesen LS, Ainsworth AP, Lillevang ST, Qvist N, Georgsen
J. Leukocyte-depletion of blood components does not significantly
reduce the risk of infectious complications. Results of a double-blinded,
randomised study. Int | Colorectal Disease. 2001;16(3):147-53.

van de Watering LM, Hermans |, Houbiers |G, et al. Beneficial effects of
leukocyte depletion of transfused blood on postoperative complications
in patients undergoing cardiac surgery: a randomized clinical trial.
Circulation. 1998;97(6):562-8.

Bracey AW, Radovancevic R, Nussmeier NA. Leukocyte-depleted blood
in open-heart surgery patients: effects on outcome. Transfusion.
2002;42(Suppl):5S.

Wallis JP, Chapman CE, Orr KE, Clark SC, Forty JR. Effect of WBC
reduction of transfused RBCs on postoperative infection rates in cardiac
surgery. Transfusion. 2002;42(9):1127-34.

Bilgin YM, van de Watering LM, Eijsman L, et al. Double-blind,
randomized controlled trial on the effect of leukocyte-depleted
erythrocyte transfusions in cardiac valve surgery. Circulation.
2004;109(22):2755-60.

Connery CP, Toumpoulis IK, Anagnostopoulis CE, et al. Does
leukofiltration reduce pulmonary infections in CABG patients? A
prospective, randomised study with early results and mid-term survival.
Acta Cardiol. 2005;60(3):285-93.

Boshkov LK, Chien G, VanWinkle D, et al. Prestorage leukoreduction of
transfused packed red cells is associated with significant ongoing 1-12
month survival benefit cardiac surgery patients. Blood. 2006;108:578.

Dzik WH, Anderson JK, O’'Neill EM, Assman SF, Kalish LA, Stowell CP.
A prospective randomised clinical trial of universal leukoreduction.
Transfusion. 2002;42(9):1114-22.

van Hilten JA, van de Watering LMG, van de Velde CHJ, et al.
Effects of transfusion with red cells filtered to remove leukocytes:
randomised controlled trial in patients undergoing major surgery. BM).
2004;328(7451):1281-4.

Nathens AB, Nester TA, Rubenfeld GD, Nirula R, Gernsheimer TB. The
effects of leukoreduced blood transfusion on infection risk following
injury: a randomized controlled trial. Shock. 2006;26(4):342-7.

Vamvakas EC. White-blood-cell-containing alloegenic blood transfusions
and postoperative infection and mortality: an updated meta-analysis. Vox
Sang. 2007;92(3):224-32.

Blumberg N, Zhao H, Wang H, Messing S, Heal JM, Lyman GH.
The intention-to-treat principle in clinical trials and meta-analysis of
leukoreduced blood transfusions in surgical patients. Transfusion.
2007;47(4):573-81.

Nielsen HJ, Hammer JH, Krarup AL, et al. Prestorage leukocyte filtration
may reduce leukocyte-derived bioactive substance accumulation in
patients operated for burn trauma. Burns. 1999;25(2):162-70.

Bilgin YM, van de Watering LMG, Eijsman L, Versteegh MIM, van Oers
MH]), Brand A. Is increased mortality associated with postoperative
infections after leukocytes containing red blood cell transfusions in
cardiac surgery? Transf Med. 2007;17(4):304-11.

Engoren M, Habib RH, Hadaway , et al. The effect on long-term survival
of erythrocyte transfusion given for cardiac valve operations. Ann Thorac
Surg. 2009;88(1):95-100.

Jensen LS, Grunnet N, Hanberg-Sorensen F, Jorgensen |.
Cost-effectiveness of blood transfusion and white cell reduction in
elective colorectal surgery. Transfusion. 1995;35(9):719-22.

Blumberg N, Heal JM, Kirkley SA, DiPersio JF, Rapoport AP, Rowe JM.
Leukodepleted-ABO-identical blood components in the treatment
of hematologic malignancies: a cost analysis. Am | Hematology.
1995;48(2):108-15.

Bilgin, et al. Leucoreduction of blood transfusions.

OCTOBER 2011, VOL. 69, NO 10

449



74.

75-

76.

77-

78.

79-

80.

81.

82.

83.

Netherlands

TheJournal of Medicine

Postma M), van de Watering LMG, de Vries R, et al. Cost-effectiveness
of leucocyte depletion of red-cell transfusions for patients undergoing
cardiac surgery. Vox Sang. 2003;84(1):65-7.

van Hulst M, Bilgin YM, van de Watering LMG, et al. Cost-effectiveness
of leucocyte-depleted erythrocyte transfusion in cardiac valve surgery.
Transf Med. 2005;15(3):209-17.

Johnson GB, Brunn GJ, Samstein JL, Platt B. New insight into the
pathogenesis of sepsis and the sepsis syndrome. Surgery.
2005;137(4):393-5.

Hoesel LM, Niederbichler AD, Schaefer |, et al. Csa-Blockade improves
burn-induced cardiac dysfunction. ] Immunol. 2007;178(12):7902-10.

Bone RC. Sir Isaac Newton, sepsis, SIRS and CARS. Crit Care Med.
1996;24(7):1125-8.

Ertel W, Keel M, Neidthardt R, et al. Inhibition of the defense system
stimulating interleukin-12 interferon-gamma pathway during critical
illness. Blood. 1997;89(5):1612-20.

Sablotzki A, Dehne MG, Welters |, Menges T, Lehman N. Alterations of
the cytokine network in patients undergoing cardiopulmonary bypass.
Perfusion. 1997;12(6):393-403.

Bilgin YM, van de Watering LMG, Versteegh MIM, van Oers MH], Brand
A. The effects of allogeneic blood transfusions during cardiac surgery on
inflammatory mediators and postoperative complications. Crit Care Med.
2010;38(2):546-52.

Bilgin YM, Brand A. Transfusion-related immunomodulation (TRIM): a
second hit in an inflammatory cascade? Vox Sang. 2008;95(4):261-71.

Bilgin YM, van de Watering LMG, Versteegh MIM, van Oers MH], Brand
A. Postoperative complications associated with transfusion of platelets
and plasma in cardiac surgery. Transfusion. First published online: 3
June 2011.

84.

8s5.

86.

87.

88.

89.

90.

91.

92.

93.

Andre P, Nannizzi-Alaima L, Prasad SK, Phillips DR. Platelet-derived
CD4ol: the switch-hitting player of cardiovascular disease. Circulation.
2002;106(8):896-9.

Blumberg N, Gettings KF, Turner C, Heal JM, Phipps RP. An association
of soluble CD4o ligand (CD154) with adverse reactions to platelet
transfusions. Transfusion. 2006;46(10):1813-21.

Tuinman PR, Vlaar AP, Cornet AD, et al. Blood transfusion during cardiac
surgery is associated with inflammation and coagulation in the lung: a
case control study. Crit Care. 2011;15(1):R59.

Levi M, Keller TT, van Gorp E, ten Cate H. Infection and inflammation and
the coagulation system. Cardiovasc Res. 2003;60(1):23-39.

Gando S. Microvascular thrombosis and multiple organ dysfunction
syndrome. Crit Care Med. 2010;38(Suppl 2):S35-42.

Nilsson KR, Berenholtz SM, Garrett-Mayer E, Dorman T, Klag MJ,
Pronovost PJ. Association between venous thromboembolism and
perioperative allogeneic transfusion. Arch Surg. 2007;142(2):126-32.

Gangireddy C, Rectenwald R, Upchurch GR, et al. Risk factors and clinical
impact of postoperative symptomatic venous thromboembolism. | Vasc

Surg. 2007;45(2):335-42.

Khorana AA, Francis CW, Blumberg N, Culakova E, Refaai MA, Lyman GH.
Blood transfusions, thrombosis and mortality in hospitalized patients
with cancer. Arch Intern Med. 2008;168(21):2377-81.

Keating FK, Butenas S, Fung MK, Schneider D). Platelet-white blood cell
(WBC) interaction, WBC apoptosis and procoagulant activity in stored
red blood cells. Transfusion. 2011;51(5):1086-95.

Rosenbaum L, Tomasulo P, Lipton KS, Ness P. The reintroduction of
nonleukoreduced blood: would patients and clinicians agree? Transfusion.
First published online: 26 May 2011.

Bilgin, et al. Leucoreduction of blood transfusions.

OCTOBER 2011, VOL. 69, NO 10

450



