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Cardiac surgery is associated
with tissue trauma, ischemia-
reperfusion injury, and blood
surface contact. These condi-

tions induce systemic effects and release
of inflammatory mediators, which are
presumed to play a role in the develop-
ment of postoperative complications, such
as systemic inflammatory response syn-

drome, multiple organ dysfunction syn-
drome (MODS), and infections (1, 2). Mod-
erate systemic inflammatory response
syndrome often develops after cardiac sur-
gery and usually resolves with supportive
care. However, severe systemic inflamma-
tory response syndrome can evolve to
MODS, which causes higher morbidity and
mortality after cardiac surgery (3, 4).

During cardiac surgery, despite blood-
saving developments, allogeneic red
blood cells (RBCs) are often transfused.
Allogeneic RBC transfusions are dose de-
pendent and associated with an increased
risk of postoperative infections and mor-
tality after cardiac surgery (5–9). How-
ever, it is not clear whether this relation-
ship is causal or what the possible
mechanisms could be (10).

In two randomized, controlled trials in
patients undergoing cardiac surgery, we
found a transfusion dose-dependent in-
creased rate of postoperative infections
and mortality (due to MODS) in the pa-

tient group receiving buffy-coat-depleted
red blood cells (BCD-RBCs) as compared
with filtered leukocyte-depleted red blood
cells (LD-RBCs) (11, 12). These findings
suggest that allogeneic leukocytes in
BCD-RBCs may have played a causal role,
possibly by enhancement of the inflam-
matory response after cardiac surgery. In
this study, we compare blood samples
collected from patients randomized to ei-
ther BCD-RBCs or to LD-RBCs. The aim
of this laboratory analysis is to investigate
a possible relationship between the pres-
ence of leukocytes in blood transfusions
and some inflammatory mediators with
postoperative complications, such as
morbidity and mortality.

We selected four key mediators that
represent the inflammatory response af-
ter surgery. The proinflammatory cyto-
kine, interleukin (IL)-6, has been shown
to be an early predictor for nonsurviving
patients in cardiac surgery and it has
been previously reported that intraoper-
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Objective: To investigate whether the higher prevalence of
postoperative complications in cardiac surgery after transfusion
of leukocyte-containing red blood cells can be related to inflam-
matory mediators.

Design: Analysis of inflammatory markers interleukin-6, inter-
leukin-10, interleukin-12, and procalcitonin in patients participat-
ing in a randomized trial comparing leukocyte-depleted with
leukocyte-containing, buffy-coat-depleted red blood cells.

Setting: Two university-affiliated hospitals in the Netherlands.
Subjects: A total of 346 patients undergoing cardiac valve sur-

gery with a complete series of pre- and postoperative blood samples.
Measurements and Main Results: There were no differences in

the cytokines and procalcitonin concentrations between both
study arms when the patients arrived in the intensive care unit. In
subgroups, patients who received zero to three red blood cell
transfusions showed similar cytokine concentrations in both
study arms, whereas patients with >4 red blood cell transfusions
had significantly higher interleukin-6 concentrations in the leu-
kocyte-containing, buffy-coat-depleted red blood cell group. Pa-
tients who developed postoperative infections and multiple organ
dysfunction syndrome showed, respectively, increased concen-
trations of interleukin-6 and interleukin-12 in the leukocyte-

containing, buffy-coat-depleted, red blood cell group. The inter-
action tests in these subgroups showed significantly different
reaction patterns in the leukocyte-containing, buffy-coat-de-
pleted red blood cell group compared with leukocyte-depleted red
blood cell group for interleukin-6 and interleukin-12. Multivariate
analysis showed a high interleukin-6 concentration with multiple
organ dysfunction syndrome and both high interleukin-6 and
interleukin-10 concentrations with hospital mortality.

Conclusions: Allogeneic leukocyte-containing blood transfu-
sions compared with leukocyte-depleted blood transfusions in-
duce dose-dependent significantly higher concentrations of
proinflammatory mediators in the immediate postoperative period
after cardiac surgery. High concentrations of interleukin-6 are
strong predictors for development of multiple organ dysfunction
syndrome, whereas both interleukin-6 and interleukin-10 are as-
sociated with hospital mortality. These findings suggest that
leukocyte-containing red blood cells interfere with the balance
between postoperative proinflammatory response, which may fur-
ther affect the development of complications after cardiac sur-
gery. (Crit Care Med 2010; 38:546–552)
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tions; infections; multiple organ dysfunction syndrome; mortality
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ative blood transfusions in cardiac sur-
gery caused an increase of IL-6 levels (13,
14). IL-10, an anti-inflammatory cyto-
kine, has been found to be increased after
perioperative allogeneic blood transfu-
sions in orthopedic surgery and associ-
ated with prolonged hospital stay (15).
IL-12 reflects activation and proliferation
of lymphocytes and natural killer cells,
which are relevant for the defense against
nosocomial infections (16, 17). Procalci-
tonin has been shown to be an early
marker for sepsis and bacterial infections
after major surgery and has been found to
be increased on the first postoperative
day after cardiac surgery in patients who
developed organ dysfunction and severe
complications (18).

MATERIALS AND METHODS

Study Design. A randomized, controlled
trial was performed in two university hospitals
in the Netherlands. After written informed
consent was obtained, 474 patients undergo-
ing cardiac valve surgery with or without cor-
onary artery bypass graft were randomized to
receive BCD-RBCs or LD-RBCs. The end
points of the study were postoperative infec-
tions, MODS, and 90-days and in-hospital
mortality. The local ethics committees of both
hospitals approved the trial protocol. The de-
sign and outcome of the study have been de-
scribed previously (12). To assess preoperative
risk of the patients, we applied the score model
described by Parsonnet et al (19). We con-
ducted anesthetic and surgical procedures ac-
cording to the hospital standards. After endo-
tracheal intubation, patients were ventilated
to normocapnia with an air-oxygen mixture.
Heparin sulfate was administered before the
start of cardiopulmonary bypass at a dose of 3
mg/kg and subsequently at doses to maintain
the activated clotting time above 400 secs.
After arterial and venous cannulation, cardio-
pulmonary bypass was commenced, using a
membrane oxygenator (Baxter, Uden, Nether-
lands). After termination of cardiopulmonary
bypass, heparin was antagonized by protamine
sulfate at a 1:1 ratio. A nonpulsatile roller
pump was used for all operations. A nonpul-
satile flow rate of about 2.4 L/min/m2 was set
to maintain arterial pressure. Patients were
cooled to 27°C to 30°C. For myocardial pro-
tection, cardioplegia with cold crystalloids was
administered. In one hospital, patients consid-
ered to be at high risk for bleeding received
aprotonin. All patients received prophylactic
antibiotics postoperatively for 48 hrs. Postop-
eratively the patients were monitored in the
intensive care unit (ICU) until there was no
need for positive inotropes and mechanical
ventilation.

Postoperative Complications. Postopera-
tive infections were defined according to the
criteria of the Centers of Disease Control and

Prevention (20). The following infections were
scored: respiratory tract infection (defined as
positive sputum culture and pulmonary infil-
trate on the radiograph); urinary tract infec-
tion (defined as positive urine culture with
clinical signs of urine tract infection); wound
infection (defined as positive wound culture
with clinical symptoms); and bacteremia (de-
fined as positive blood culture and fever).

The development of postoperative organ
dysfunction was assessed on the basis of the
daily medical records in the ICU, using the
model described by Knaus et al (21). The dys-
function of the following organ systems were
scored postoperatively: respiratory dysfunc-
tion (defined as respiratory frequency �5
breath/min or �49 breath/min, or PaCO2 �50
torr [ �6.5 kPa], or P(A-a)O2 �349 torr [�46.5
kPa], or �72 hrs dependency of mechanical
ventilation); cardiovascular dysfunction (de-
fined as heart frequency �54 beat/min or
�150 beat/min, or mean arterial pressure
�49 mm Hg, or serum pH �7.24 in combi-
nation with PaCO2 �50 torr [�6.6 kPa], or
dependency of positive inotropes); renal dys-
function (defined as urine production �479
mL/24 hrs or �159 mL/8 hrs, or creatinine
concentration �3.4 mg/dL, or blood urea ni-
trogen concentration �50 mg/dL, or depen-
dency of dialysis); hematologic dysfunction
(defined as white blood cell count �1.0 �
109/L, or platelet count �20 � 109/L, or he-
matocrit �0.20); and insufficiency of the cen-
tral nervous system (defined as Glasgow Coma
Score �6). MODS was defined as the failure of
�2 organ systems. The trial coordinators col-
lected all information on infections, MODS,
and hospital mortality from the patient
records or electronically from the hospital
computer system.

Blood Products. The blood products had
been prepared and controlled, according to
the procedures of the Dutch blood banks.
Within 20 hrs of withdrawal, RBCs were pre-
pared by centrifugation of whole blood at
3000� g for 10 mins. Buffy-coat and plasma
were removed from donated blood and BCD-
RBCs were reconstituted with 100 mL of sa-
line-adenine-glucose-mannitol. The average
leukocyte count (�standard deviation) in
BCD-RBCs was 0.7 � 0.4 � 109 per unit.
LD-RBCs were prepared by prestorage filtra-
tion of RBCs within 24 hrs after collection of
blood. BCD-RBCs were filtered subsequently
through a leukocyte filter (Cellselect-Optima,
NPBI International-Fresenius HemoCare,
Netherlands), resulting in a mean residual
leukocyte count in the LD-RBCs of 0.15 �
0.02 � 106 per unit. All platelet concentrates
were prestorage leukoreduced by filtration.

Inflammatory Markers. Blood samples
were obtained preoperatively, at the end of
perfusion, at the time admission to the ICU,
and in case of prolonged ICU stay, in total 2
days during ICU stay. Blood samples were im-
mediately centrifuged and aliquoted; the se-
rum sample was stored at �80°C. The concen-
trations of procalcitonin, IL-6, IL-10, and

IL-12 were measured in all patients preopera-
tively and on arrival in the ICU, and in case of
prolonged ICU stay (�2 days), additionally on
days 1 and 2 of ICU stay. All concentrations of
the mediators were measured in duplicate,
using enzyme-linked immunoassay technique
(PeliKline Compact, Sanquin Diagnostics,
Amsterdam, Netherlands). The lower detec-
tion limit was for all cytokines 5.0 pg/mL.
Procalcitonin was measured by an immunolu-
minometric assay (LumiTestPCT, Brahms Di-
agnostica, Berlin, Germany). The analytic sen-
sitivity of the assay was 0.1 ng/mL.

Statistical Analysis. All patients with at
least a preoperative blood sample and a blood
sample at the time of arrival in the ICU were
analyzed in this study. Descriptive results of
continuous variables were expressed as
mean � standard deviation. Categorical vari-
ables were reported as frequency distributions
(%). Complications were defined as postoper-
ative infections, MODS, or hospital mortality.
For comparison of qualitative parameters,
Fisher’s exact test or chi-square test was used
and, for comparison of quantitative parame-
ters, Student’s t test or Mann-Whitney U test
was used. The concentrations of the cytokines
were expressed as the median with interquar-
tile ranges (IQR) and were compared between
randomization arms and correlated with com-
plications. Tests were performed to search for
interaction on cytokine concentrations be-
tween the randomization arms and the sub-
populations with and without complications.
Differences between groups analyzed by the
Mann-Whitney U test were reported as odds
ratios with 95% confidence intervals. Multi-
variate analysis of the risk factors was per-
formed, using a logistic regression model to
estimate the risk factors for each of the post-
operative complications. For this purpose, the
following variables were considered to be in-
cluded in the model: gender; type of surgery;
Parsonnet score; use of preoperative statins;
cardiopulmonary bypass time; use of perioper-
ative aprotonin and corticosteroids; random-
ization arm; number of RBC transfusions;
storage times of transfused RBCs. The risk
factors with p � .20 from the univariate anal-
ysis for the specific complications were en-
tered into the model. The measured conc-
entrations of IL-6, IL-10, IL-12, and procal-
citonin on arrival in the ICU were forced into
the final model. The multivariate analysis was
performed for all postoperative complications
separately. For this analysis, the concentra-
tions of the cytokines, the Parsonnet score,
and cardiopulmonary bypass time were trans-
formed into quartiles. The storage time was
divided into three groups: patients receiving
only RBCs stored for �17 days; patients re-
ceiving only RBCs stored for �17 days; and
patients receiving RBCs with storage times
�17 days and �17 days. In the final model,
the independent risk factors for infections,
MODS, and hospital mortality were analyzed.
The exponent with odds ratios and 95% con-
fidence intervals are reported. All p values are
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two-tailed. Because of the hypothesis-generat-
ing character of this study, we did not correct
for multiple testing. All analyses were per-
formed using SPSS version 15.0 for Windows
(SPSS, Chicago, IL).

RESULTS

Patient Characteristics

Of the 474 evaluable patients random-
ized within the previously described
study (12), due to logistic reasons (the
majority of which concerned procedures
outside office hours), complete serial
blood samples could not be collected or
processed properly from 128 patients (no
pre- or postoperative blood samples could
be collected from 106 patients; no pre-
and postoperative blood samples were
collected from 22 patients). As shown in
Table 1, the patient and transfusion char-
acteristics of the 346 included patients
were balanced between the BCD-RBC and
LD-RBC groups. In the BCD-RBC group,

significantly more postoperative infec-
tions were found as compared with the
LD-RBC group (p � .02). In the cohort
available for laboratory analysis, the in-
hospital mortality was not significantly
different between both randomization arms
(p � .19). The prevalence of MODS was
similar in both randomization arms (Table
1). The patient characteristics of the sub-
group of 54 patients with prolonged ICU
stay were also well balanced between both
study arms (Table 1). There were no differ-
ences in patient characteristics in the sub-
groups of patients with postoperative com-
plications between both randomization
arms (data not shown).

Inflammatory Markers on ICU
Arrival

The preoperative concentrations of all
cytokines and procalcitonin levels were
all below the detection limits. The con-
centrations of cytokines and procalcito-

nin at the time of arrival in the ICU were
not associated with patient age, Parson-
net score, use of preoperative statins and
perioperative aprotinin, duration of car-
diopulmonary bypass and the analysis ac-
cording to storage times of transfused
RBCs. Patients who received corticoste-
roids perioperatively had lower concen-
trations of IL-6 at the time ICU arrival
than patients who did not (median � 70;
IQR � 39–152 vs. median � 118; IQR �
52–245 pg/mL, p � .001), whereas the
concentrations of IL-10 were higher in
the patient group who received cortico-
steroids (median � 54; IQR � 14–93
pg/mL vs. median � 18; IQR � 6–76
pg/mL, p � .001) at the time ICU arrival.
The concentrations of procalcitonin were
increased at the time of ICU arrival (me-
dian � 0.16; IQR � 0.13–0.21 ng/mL). A
postoperative increase of the leukocyte
count was observed in all patients at the
time of their arrival in the ICU arrival
(median � 2; IQR � 1.4–3.6 � 109/L).

Table 1. Characteristics of patients

All Patients
Patients Staying �2

Days in ICU

BCD-RBC
(n � 171)

LD-RBC
(n � 175)

p
(n � 24)

BCD-RBC
(n � 24)

LD-RBC
(n � 30) p

Preoperative characteristics
Age in years (mean � SD) 67.1 � 11.8 66.8 � 13.9 .81 73.3 � 6.1 71.5 � 9.5 .42
Valve � CABG, n (%) 60 (35.0) 63 (36.0) �.90 15 (62.5) 15 (50.0) .42
Female, n (%) 71 (41.5) 82 (46.8) .33 10 (41.6) 17 (56.6) .41
Parsonnet score 13.1 � 8.3 13.9 � 8.0 .33 16.5 � 8.3 15.5 � 8.2 .66
Use of statins, n (%) 39 (22.8) 46 (26.2) .46 6 (25.0) 6 (20.0) .75

Perioperative characteristics
Corticosteroid use, n (%) 52 (30.4) 55 (31.4) �.90 10 (41.6) 12 (40.0) �.90
Aprotonin use, n (%) 79 (46.1) 80 (45.7) �.90 14 (58.3) 20 (66.6) .58
Cardiopulmonary bypass, in minutes

(mean � SD)
134 � 51 139 � 58 .37 159 � 67 160 � 70 �.90

Transfusion characteristics
RBC transfusions, median (IQR) 3 (2–7) 3 (2–6.5) .56 7.5 (3.2–9.7) 7 (4–12.2) .10
Storage time of all transfused RBCs in days,

mean � SD

17.1 � 5.7 17.0 � 5.3 �.90 16.7 � 4.7 15.4 � 4.6 .35

Number of patients receiving only �17
days stored RBCs, n (%)

58 (33.9) 57 (32.5) .82 7 (29.1) 12 (40.0) .56

Number of patients receiving only �17 days
stored RBCs, n (%)

63 (36.8) 65 (37.1) �.90 8 (33.3) 7 (23.3) .54

Number of patients receiving RBCs stored for
�17 days and �17 days, n (%)

29 (16.9) 35 (20.0) .49 8 (33.3) 11 (36.6) �.90

Number of RBCs, n (%)
0 21 (12.3) 18 (10.3) .61 1 (4.2) 0 .44
1–3 66 (38.6) 59 (33.7) .37 4 (16.7) 8 (26.7) .52
�4 84 (49.1) 98 (56.0) .24 19 (79.2) 22 (73.3) .75

Postoperative characteristics
All complications, n (%) 66 (38.6) 55 (31.4) .18 18 (75.0) 17 (56.6) .25
Infections, n (%) 51 (29.8) 33 (18.9) .02 16 (66.7) 11 (36.7) .05
MODS, n (%) 29 (16.9) 33 (18.9) .68 9 (37.5) 9 (30) .58
Hospital mortality, n (%) 14 (8.2) 8 (4.6) .19 7 (29.2) 2 (6.7) .06

ICU, intensive care unit; BCD-RBC, Buffy-coat depleted red blood cells; LD-RBC, leukocyte-depleted red blood cells; SD, standard deviation; CABG,
coronary artery bypass graft; RBC, red blood cells; IQR, interquartile range; MODS, multiple organ dysfunction syndrome.

Data presented as mean � SD, n (%) or median with 25th and 75th quartiles (IQR).
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Inflammatory Markers and
Randomization to Different
Blood Products

Between patients randomized to re-
ceive BCD-RBC or LD-RBC, no differ-
ences were measured at the time of their
arrival in the ICU in the concentrations of
IL-6, IL-10, IL-12, and procalcitonin. In
the subgroup of patients receiving 0 to 3
units of RBCs, the concentrations of cy-
tokines were not different (Table 2).
There were 182 (52.6%) patients who had
received �4 units of RBCs: 84 (49.1%)
patients in the BCD-RBC group and 98
(56.0%) patients in the LR-RBC group. In
this subgroup, only the concentration of
IL-6 was significantly higher in the BCD-
RBC group as compared with the LD-RBC
group (median � 152; IQR � 74–340
pg/mL vs. median � 96, IQR � 61–249
pg/mL, p � .02). The concentrations of
IL-10 and IL-12 were at the time of ICU
arrival not different in the analysis, accord-
ing to the type of blood products and the
number of RBC transfusions (Table 2).

The concentration of IL-6 at the time
of ICU arrival was higher in the BCD-RBC
group than in the LD-RBC group, espe-
cially in patients who developed postop-
erative infections. The concentration of
IL-12 was higher in patients who devel-
oped MODS in the BCD-RBC group. The
concentrations of procalcitonin, postop-
erative increase of the leukocyte count
(data not shown), and IL-10 were not
different between BCD-RBC and LD-RBC
groups, also not in subgroups with or
without postoperative complications (Ta-
ble 2). The interaction tests showed a
significant interaction on IL-6 concentra-
tions between the type of blood product
and subsequent complications and post-
operative infections. The interaction test
on IL-12 showed significant interaction
between the type of blood products and
the MODS subgroups (Table 2).

Multivariate Analyses of Risk
Factors for All Postoperative
Complications

The association between cytokine con-
centrations on arrival in the ICU and sub-
sequent development of postoperative
complications was analyzed separately for
each complication (infections, MODS,
and hospital-mortality) in a multivariate
logistic regression model. Based on the
results of the univariate analysis for the
postoperative complications (Table 3),
the risk factors with a p � .20 were in-

cluded in the multivariate analysis. The
multivariate analysis showed that all
complications were associated indepen-
dently with the number of RBC transfu-
sions (Table 4). Furthermore, the con-
centration of IL-6 was independently

associated with the composite of postop-
erative complications. Postoperative in-
fections were also associated indepen-
dently with the study arm in favor of
LD-RBCs and the cardiopulmonary by-
pass time. MODS was also associated in-

Table 2. Cytokine concentrations at the time of ICU arrival in patients with and without complications

BCD-RBC LD-RBC p p for Interaction

IL-6 (pg/mL)a

All patients (n � 346) 113 (50–250) 85 (45–228) .07
Transfusions: 0–3 RBCs (n � 164) 77 (36–167) 72 (37–194) .64 .14
�4 RBCs (n � 182) 152 (74–340) 96 (61–249) .02
Complications: None (n � 225) 71 (39–152) 72 (40–146) �.90 .04
Any (n � 121) 198 (98–360) 183 (72–267) .10
Infections: No (n � 262) 85 (40–184) 77 (45–212) .83 .006
Yes (n � 84) 190 (97–390) 99 (52–250) .03
MODS: No (n � 284) 97 (47–190) 73 (41–188) .20 .17
Yes (n � 62) 258 (120–350) 237 (90–278) .23
Hospital mortality: No (n � 324) 99 (47–215) 81 (44–217) .26 .07
Yes (n � 22) 303 (159–381) 206 (73–260) .06

IL-10 (pg/mL)a

All patients (n � 346) 25 (6–77) 25 (9–93) .35
Transfusions: 0–3 RBCs (n � 164) 18 (6–56) 19 (9–94) .35 .74
�4 RBCs (n � 182) 43 (7–84) 33 (9–90) .75
Complications: None (n � 225) 25 (6–66) 26 (10–82) .30 .52
Any (n � 121) 24 (7–91) 22 (7–115) .74
Infections: No (n � 262) 26 (7–69) 26 (9–91) .40 .92
Yes (n � 84) 17 (6–85) 24 (10–110) .24
MODS: No (n � 284) 25 (6–74) 25 (10–82) .29 .68
Yes (n � 62) 19 (9–128) 32 (6–165) �.90
Hospital mortality: No (n � 324) 24 (6–77) 24 (9–83) .34 .71
Yes (n � 22) 64 (10–123) 161 (62–210) .20

IL-12 (pg/mL)a

All patients (n � 346) 40 (23–64) 37 (23–58) .48
Transfusions: 0–3 RBCs (n � 164) 36 (21–54) 31 (18–50) .66 .82
�4 RBCs (n � 182) 44 (26–87) 44 (27–64) .47
Complications: None (n � 225) 34 (21–63) 34 (22–51) �.90 .22
Any (n � 121) 48 (30–75) 45 (25–63) .29
Infections: No (n � 262) 37 (21–64) 34 (21–51) .70 .76
Yes (n � 84) 51 (30–75) 49 (30–64) �.90
MODS: No (n � 284) 37 (21–64) 38 (23–58) .80 .03
Yes (n � 62) 50 (39–88) 36 (24–60) .02
Hospital mortality: No (n � 324) 39 (22–64) 37 (23–58) .56 .65
Yes (n � 22) 55 (44–89) 38 (24–49) .10

ICU, intensive care unit; BCD-RBC, buffy-coat-depleted red blood cells; LD-RBC, leukocyte-depleted red
blood cells; IL, interleukin; RBCs, red blood cell; MODS, multiple organ dysfunction syndrome.

aData presented as median with 25th and 75th quartiles (interquartile range).

Table 3. Results of univariate analyses of risk factors associated with postoperative complications

All Postoperative
Complications p Infections p MODS p

Hospital
Mortality p

Type of surgery, valve or valve � CABG .05 .15 .69 .30
Gender, male or female .91 .58 .49 .14
Preoperative statin use .85 .85 .94 .47
Parsonnet-score �.001 .003 .04 �.001
Randomization arm, BCD-RBC or LD-RBC .10 .01 .64 .16
Perioperative corticosteroid use .16 .79 .96 .29
Perioperative aprotinin use .29 .51 .48 .69
Cardiopulmonary bypass time, min .001 .001 .01 .53
Number of RBC transfusions �.001 �.001 �.001 �.001
Storage time of transfused RBC units

(�17 days, �17 days, or both)
.01 .02 .01 .07

MODS, multiple organ dysfunction syndrome; CABG, coronary artery bypass graft; BCD-RBC,
buffy-coat-depleted red blood cells; LD-RBC, leukocyte-depleted red blood cells; RBC, red blood cell.
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dependently with IL-6 concentrations and
the hospital mortality was associated inde-
pendently with the Parsonnet score and with
the concentrations of IL-6 and IL-10.

Kinetics of Cytokines in Patients
With Prolonged ICU Stay

In this group of 346 patients, 54 pa-
tients had a prolonged ICU stay of at least
2 days. From these patients, from the end
of perfusion until postoperative day 2, the
kinetics of the cytokines IL-6, IL-10 and
IL-12 were measured. These patients had
a higher age, had longer duration of sur-
gery, received more blood transfusions,
and had higher hospital mortality than
the whole study group of 346 patients
(Table 1). The concentration of IL-6 in-
creased at the end of perfusion and
reached its peak on arrival in the ICU,
after which it declined. This peak was
higher in patients who received BCD-
RBC as compared with patients who re-
ceived LD-RBC transfusions (median �
188; IQR � 111–330 pg/mL vs. median �
104; IQR � 66–193 pg/mL, p � .02). The
increase of IL-10 preceded the increase of
IL-6 and reached immediately after the
end of perfusion significantly higher peak
concentrations in the LD-RBC group
than in the BCD-RBC group (median �
168; IQR � 81–270 pg/mL vs. median �
94; IQR � 19–234 pg/mL, p � .05). The
IL-10 concentrations had already de-
creased on arrival in the ICU. IL-12 con-
centrations only showed a transient rise
on the arrival in the ICU and were similar
in both study arms (Fig. 1).

DISCUSSION

In a randomized study comprising 474
patients with high-risk heart valve sur-

gery with or without coronary artery by-
pass graft, we found leukocyte-containing
transfusions (BCD-RBC) dose depen-
dently associated with more postopera-
tive infections and higher in-hospital
mortality compared with patients receiv-
ing LD-RBC transfusions (12). We as-
sumed that inflammatory mediators as-
sociated with transfusion of allogeneic
leukocytes during cardiac surgery might
play a role. We investigated the concen-
trations of inflammatory cytokines (IL-6,
IL-10, and IL-12) and procalcitonin in
patients undergoing cardiac valve surgery
in relationship with transfusion of BCD-
RBCs or LD-RBCs. From 346 patients,
pre- and postoperative blood samples
were available to investigate cytokine and
procalcitonin concentrations after sur-
gery. In the analysis of the total patient
population, we found no differences be-
tween randomization arms in the con-
centrations of the selected cytokines IL-6,
IL-10, and IL-12 or procalcitonin on ar-
rival in the ICU. However, significantly
higher IL-6 concentrations at the time of
arrival in the ICU were found in patients
after transfusion of �4 units of BCD-
RBCs compared with LD-RBCs. Higher
IL-6 and IL-12 concentrations after leu-
kocyte-containing transfusions were
present in patients who developed infec-
tions and MODS, respectively. The signif-
icant interaction strongly suggests that
the type of blood product has played a
causal role in the increased cytokine con-
centrations and the development of post-
operative complications. IL-10 and pro-
calcitonin concentrations were not
associated with the number and type of
transfusions in patients with or without
complications. The relevance of the cyto-
kine concentrations for postoperative

complications was evaluated in multivar-
iate analyses, confirming the important
role of IL-6 concentrations and the num-
ber of blood transfusions. This is the first
study showing higher proinflammatory
markers after leukocyte-containing
transfusions in cardiac surgery, in partic-
ular in subgroups later developing seri-
ous clinical complications.

In several studies, IL-6 concentrations
have been found to be increased in asso-
ciation with a proinflammatory response
after cardiac surgery (22, 23). In these
studies, the possible relationship with al-
logeneic blood transfusions was not ana-
lyzed. Furthermore, other studies found
an association between allogeneic blood
transfusions and postoperative morbidity
and mortality (5–9); however, these stud-
ies did not perform laboratory analysis.
Only one study reported that blood trans-
fusions contributed to the release of in-
flammatory markers in cardiac surgery,
without investigating the effect of differ-
ent blood products (14). The purpose of
this laboratory analysis was to evaluate a
possible relationship between the con-
centrations of inflammatory markers af-
ter cardiac surgery and leukocyte-con-
taining blood products, and to assess
whether an association with postopera-
tive complications, such as infections,
MODS, and hospital mortality could be
found. The interaction between alloge-
neic blood transfusions and specific post-
operative complications has been ques-
tioned in the literature (24). Our results
suggest that stimulation of a proinflam-
matory response by allogeneic leukocytes
in transfusions enhances susceptibility
for complications.

Because the complex cardiac surgery,
longer cardiopulmonary bypass time, and

Table 4. Multivariate analyses of risk factors associated with postoperative complications

All Postoperative
Complications
OR (95% CI) p

Infections
OR (95% CI) p

MODS
OR (95% CI) p

Hospital Mortality
OR (95% CI) p

Parsonnet score 1.18 (0.95–1.46) .13 1.16 (0.92–1.47) .20 0.98 (0.76–1.31) .98 1.70 (1.04–2.78) .04
Gender 2.09 (0.70–6.22) .19
Randomization arm 1.46 (0.87–2.49) .15 2.01 (1.15–3.54) .01 1.92 (0.67–5.51) .22
Type of surgery 1.08 (0.60–1.92) .80 0.86 (0.46–1.60) .63
Use of corticosteroids 0.54 (0.29–1.05) .06
Cardiopulmonary bypass time 1.25 (0.95–1.64) .10 1.46 (1.09–1.96) .01 0.95 (0.69–1.31) .74
Number of RBCs 1.22 (1.13–1.31) �.001 1.14 (1.08–1.21) �.001 1.26 (1.17–1.36) �.001 1.12 (1.05–1.19) .001
Storage time RBCs 0.97 (0.68–1.37) .84 0.99 (0.68–1.45) �.90 0.79 (0.49–1.27) .33 1.05 (0.50–1.93) �.90
Procalcitonin concentrations 0.28 (0.05–1.57) .15 0.99 (0.24–4.11) �.90 0.87 (0.15–5.05) .87 0.02 (0.01–20.2) .27
IL-6 concentrations 1.54 (1.21–1.94) �.001 1.05 (0.79–1.39) .74 1.87 (1.36–2.57) �.001 2.18 (1.27–3.71) .004
IL-10 concentrations 1.14 (0.87–1.50) .34 0.92 (0.69–1.22) .54 1.31 (0.93–1.85) .12 1.70 (1.06–2.73) .03
IL-12 concentrations 1.03 (0.77–1.37) .84 1.31 (0.97–1.76) .07 0.92 (0.63–1.33) .64 1.17 (0.66–2.10) .59

OR, odds ratio; CI, confidence interval; MODS, multiple organ dysfunction syndrome; RBCs, red blood cells; IL, interleukin.
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the number of blood transfusions all can
influence the cytokine concentrations
and adverse outcomes, we performed
multivariate analyses to identify the inde-
pendent risk factors. The multivariate
analysis in this patient cohort revealed
that, besides the strong effect of the num-
ber of blood transfusions on all postoper-
ative complications, an association ex-
isted between the type of blood product
(BCD-RBC) and the development of post-
operative infections. This was in accor-
dance with clinical observations of de-
tailed analysis of causes of deaths

observed in two randomized studies (11,
12), which revealed that the higher mor-
tality in patients receiving BCD-RBCs was
caused by a combination of infections and
MODS. Death due to cardiac complica-
tions and noninfectious reasons were
comparable in patients after BCD-RBC or
LD-RBC transfusions (25).

In contrast to prior reports, we found
no differences in procalcitonin concen-
trations immediately after cardiac sur-
gery predicting complications in patients
(26). On the other hand, our study con-
firms that higher concentrations of IL-6

are associated with complications after
cardiac surgery (27, 28) and that higher
IL-6 and IL-10 concentrations are related
to mortality (29, 30). Furthermore, we
observed that the higher the number of
blood transfusions, the more outspoken
the differences in cytokine concentra-
tions between randomization arms
emerged. We found in two randomized
trials a transfusion-dose-dependent asso-
ciation with postoperative infections and
mortality with leukocyte-containing
blood transfusions (11, 12). Our labora-
tory analysis suggests that the presence
of leukocytes in blood transfusions are
transfusion-dose-dependent associated
with the concentrations of some inflam-
matory mediators, which could be fur-
ther related with the development of
more postoperative complications in
highly transfused patients.

Furthermore, we evaluated the time
course of the cytokine concentrations in
54 multiple transfused patients with pro-
longed ICU stay. In this more heavily
transfused (median � 7 units of RBCs)
subgroup with a prolonged stay in the
ICU (�2 days), on arrival in the ICU, IL-6
levels were higher and IL-10 levels signif-
icantly lower in patients who received
BCD-RBCs as compared with LD-RBCs.
The increased concentrations of IL-6, IL-
10, and IL-12 occurred immediately after
cardiac surgery and generally decreased
within 24 hrs. The anti-inflammatory cy-
tokine IL-10 was the first to increase im-
mediately after perfusion and was higher
in the LD-RBC group compared with the
BCD-RBC group. In both study arms, the
concentration of IL-10 decreased during
ICU stay. The increase of inflammatory
cytokine IL-6 was observed later and
reached higher levels in the BCD-RBC
group than in LD-RBC group. These imme-
diate shifts in pro- and anti-inflammatory
cytokines seem typical for cardiac surgery
and have been reported also in patients
with uneventful recovery (13, 29, 30).

Cardiac surgery causes an initially an-
ti-inflammatory response followed by a
proinflammatory response, leading to
production and release of inflammatory
mediators (13, 29, 30). The immediate
postoperative balance between these
proinflammatory and anti-inflammatory
responses determines the clinical course.
The higher proinflammatory cytokine
IL-6 and lower anti-inflammatory cyto-
kine IL-10 in the BCD-RBC group sug-
gests that leukocyte-containing blood
transfusions aggravate this proinflamma-
tory pattern, which is more pronounced

Figure 1. The cytokines interleukin (IL)-6, IL-10, and IL-12 concentrations (pg/mL) in patients
measured preoperatively (PRE OP), at end of perfusion (END PERF), arrival in the intensive care unit
(ICU) (ICU ARRIVAL), ICU stay day 1 (ICU DAY 1) and day 2 (ICU DAY 2) in patients staying �2 days
in the ICU. The comparisons are made between buffy-coat-depleted red blood cells (BCD-RBC) and
leukocyte-depleted red blood cells (LD-RBC).
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than in the leukocyte-depleted blood
transfusions. These findings support that
leukocyte-containing allogeneic blood
transfusions amplify an inflammatory re-
sponse in addition to an ongoing sys-
temic inflammatory response induced by
cardiac surgery. This transfusion-related
immunomodulation could enhance the
development of postoperative adverse
events, which may result in severe infec-
tions and aggravation of MODS. These
adverse events could influence recovery
and could eventually lead to higher fre-
quency of mortality.

CONCLUSIONS

This laboratory analysis derived from a
large patient population undergoing car-
diac surgery provides for the first time
detailed information about differences
between leukocyte-depleted and leuko-
cyte-containing transfusion-related im-
mune responses. The results support that
leukocyte-containing transfusions inter-
fere with the balance between immediate
postoperative pro- and anti-inflammatory
responses toward the proinflammatory
direction. The subsequent course of this
balance between proinflammatory and
anti-inflammatory mediators has not
been covered by our data. In addition to
blood transfusions, other postoperative
factors may influence this balance, lead-
ing to susceptibility for postoperative
complications. Future studies are needed
to investigate the long-term effects of al-
logeneic blood transfusions in cardiac
surgery.
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