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Blood transfusion is associated with well-known risks. We investigated the difference between a restrictive versus a liberal
transfusion strategy on the immune response, as expressed by the production of inflammatory mediators, in patients subjected to
major abdominal surgery procedures. Fifty-eight patients undergoingmajor abdominal surgery were randomized preoperatively to
either a restrictive transfusion protocol or a liberal transfusion protocol (with transfusion if hemoglobin dropped below 7.7 g dL−1
or 9.9 g dL−1, respectively). In a subgroup of 20 patients randomly selected from the original allocation groups, blood was sampled
for measurement of IL-6, IL-10, and TNF𝛼. Postoperative levels of IL-10 were higher in the liberal transfusion group on the first
postoperative day (49.82 ± 29.07 vs. 15.83 ± 13.22 pgmL−1, 𝑃 < 0.05). Peak postoperative IL-10 levels correlated with the units of
blood transfused as well as the mean duration of storage and the storage time of the oldest unit transfused (𝑟2 = 0.38, 𝑃 = 0.032,
𝑟
2

= 0.52, 𝑃 = 0.007, and 𝑟2 = 0.68, 𝑃 < 0.001, respectively). IL-10 levels were elevated in patients with a more liberal red blood
cell transfusion strategy. The strength of the association between anti-inflammatory IL-10 and transfusion variables indicates that
IL-10 may be an important factor in transfusion-associated immunomodulation. This trial is registered under ClinicalTrials.gov
Identifier: NCT02020525.

1. Introduction

Major abdominal surgery can often be complicated by mas-
sive hemorrhage with all the sequelae that profound anemia
entails in this setting [1]. Therefore, blood transfusion is
considered a cornerstone of perioperative care practice and is
used to augment oxygen delivery in the hope of avoiding the
deleterious effects of serious anemia and the resulting oxygen
debt, especially in vulnerable patients [2].

On the other hand, the administration of blood products
is associated with well-described adverse consequences. In
particular, allogeneic red cell transfusions can potentially lead
to the transmission of viral infections, febrile nonhemolytic
transfusion reactions, or alloimmunization to human leuko-
cyte antigens [3].There is always a small but distinct possibil-
ity for bacterial contamination as well as for errors in blood

administration. Furthermore, the prolonged storage of blood
products may decrease the ability of the red cell to transport
or deliver oxygen through an abnormal microcirculation [4–
6]. There is also growing concern about limited supply and
the escalating cost of blood transfusion.

More importantly, transfusion of blood products has been
linked with the induction of clinically important immune
suppression, which may unfavorably affect the postoperative
course by increasing tumor recurrence rate or the potential
for serious nosocomial infections [7, 8]. The surgical trauma
itself causes a systemic inflammatory response through acti-
vation of various cellular and humoral cascade systems [9].
Whenever blood transfusion is needed, a secondary inflam-
matory insultmight ensue, which enhances the initial inflam-
matory response evoked by the surgical procedure [10, 11].
The mechanisms involved in the immunomodulatory effect
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of allogeneic blood transfusion have not been elucidated yet,
but it has been suggested that these adverse effects may be
mediated by white blood cells present in transfused cellu-
lar blood components and the generation of inflammatory
mediators [12]. Transfusion-associated immunomodulation
(TRIM) has also been associated with the duration of storage
of blood components [5, 13, 14] and the impairment in the
balance between proinflammatory (tumor necrosis factor
(TNF𝛼), interleukin-1 (IL-1), IL-6), and anti-inflammatory
circulating cytokines (IL-4, IL-10) [15, 16].

For all these reasons, there is a trend leading to reassess-
ment of transfusion strategies and over the recent years
there have been recommendations that physicians lower
the trigger of hemoglobin (Hb) level at which patients are
transfused. However, the level of Hb that most accurately
predicts the need for blood transfusion has been widely
debated and transfusion practices still remain highly variable
and controversial.

We have previously reported the results of the primary
and secondary outcomes of a randomized study aiming to
investigate the impact of a restrictive transfusion protocol
on the magnitude of reduction in blood transfusion in
a typically mixed general surgery population subjected to
major abdominal surgery [17].Themain finding of that study
was a reduction in red blood cell usage with the implemen-
tation of a restrictive transfusion regimen. Notably, this was
achieved without adversely affecting clinical outcome in the
population studied.

The aim of this secondary analysis performed on a
subgroup of 20 patients from the original study was to deter-
mine whether there are any differences in the postoperative
immunologic response, as expressed by the production of
inflammatory mediators, between a restrictive approach to
red cell transfusion and a more liberal strategy.

2. Methods

2.1. Study Subjects. The study was approved by the Insti-
tutional Review Board of Areteion University Hospital.
The study protocol has been presented in detail previously
[17]. Patients scheduled for elective upper major abdominal
surgery were enrolled in the study after providing writ-
ten informed consent. Exclusion criteria were a history of
bleeding diathesis and refusal of transfusions for religious
reasons or a history of active ischemic heart disease (unstable
angina or myocardial infarction within 6 months preceding
the scheduled operation).Moreover, patients with preexisting
infectious or autoimmune diseases were excluded from par-
ticipation aswell as those patients having used corticosteroids
or immunosuppressive drugs within 6 months.

Patients were randomized preoperatively to one of
two intraoperative and postoperative transfusion strategies.
Sealed opaque envelopes containing odd and even numbers
were chosen at random for patient assignment. Patients
assigned to the liberal strategy were transfused when their
hemoglobin concentration fell below 9.9 g dL−1, aiming at
maintaining hemoglobin at or above 10 g dL−1. Patients allo-
cated to the restrictive transfusion strategy were transfused

only when their hemoglobin concentration decreased below
7.7 g d dL−1 andwere thenmaintained at hemoglobin concen-
trations between 7.7 and 9.9 g d dL−1.

2.2. Transfusion Management. All patients were operated
under using the same anesthetic protocol, while antibiotic
prophylaxis and postoperative analgesia were also standard-
ized. Transfusion guidelines and group assignment were
followed both intraoperatively and postoperatively. Both
the surgical team and anesthesiologists responsible for the
patient were informed as to the allocation group. Intraoper-
ative transfusions were supervised by the anesthesiologist in
charge of the protocol and postoperative transfusions by both
the surgeon and anesthesiologist in charge. Ward personnel
were informed about transfusion strategy assignment to
ensure compliance with the protocol with the aim to treat
transfusion trigger deviations as protocol violations. More-
over, adherence to the transfusion protocol was ensured by
blood transfusion being prescribed only by the research team
involved in the study.All transfusionswere nonleukodepleted
packed red blood cells (RBCs) stored in citrate-phosphate
dextrose adenine-1 (CPDA-1). The maximum duration of
storage of erythrocyte units is 42 days according to policies
followed by blood banks across the world [18]. The date of
collection of each unit transfused was retrieved from blood
bank records and the length of storage of each unit transfused
between the date of collection and the date of transfusion
was calculated. Transfusions were administered one unit at
a time and hemoglobin concentration was measured in all
study patients with the HemoCue 201 DM device (HemoCue,
Inc., Cypress, CA, USA) after each red blood cell unit had
been transfused. Compliance to the transfusion protocol was
monitored by daily measurements of hemoglobin concentra-
tion in each patient.

2.3. Study Endpoints and Postoperative Follow-Up. Primary
outcome measure of the original study was red blood cell
usage, as expressed by the number of units transfused per
patient as well as the difference in the incidence of blood
transfusions between the two randomization groups [17].
In this secondary analysis performed on a subgroup of
20 patients randomly selected from the original allocation
groups, blood was sampled for measurement of IL-6, IL-10,
and TNF𝛼 preoperatively, 6 hours, one day, and three days
postoperatively. Time of mobilization, time of first liquid and
solid food intake, and length of postoperative hospital stay
were also recorded for each patient. Additionally, patients
were followed up on a daily basis until hospital discharge dur-
ing which time the incidence of all postoperative infectious
complications was recorded. Finally, two variables were used
to study the effect of the length of storage of the RBC units
transfused to each patient: (1) the mean length of storage of
all RBC units transfused and (2) the length of storage of the
oldest unit transfused per patient.

2.4. Cytokine Analysis. In a subgroup of patients (10 patients
randomly selected from each transfusion policy allocation
group) IL-6, IL-10, and TNF𝛼 were measured. Peripheral
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venous blood was drawn at the following time points: preop-
eratively, 6 hours, one day, and three days postoperatively. All
samples were collected in sterile tubes (Vacutainer, Becton-
Dickinson, Heidelberg, Germany) and were immediately
centrifuged and the supernatant was stored at −60∘C until
assay. Quantitative determination of cytokine levels was per-
formed using commercially available sensitive immunoassay
kits (Quantikine HS human IL-6, Quantikine HS IL-10, and
Quantikine HS human TNF𝛼 for IL-6, IL-10, and TNF𝛼,
resp.) (R&D Systems Inc. 614McKinley Place NE,MN,USA),
according to the recommendations of the manufacturer.
Detection sensitivity was 0.039 pgmL−1 for IL-6, 3.9 pgmL−1
for IL-10, and 0.106 pgmL−1 for TNF𝛼. The coefficient of
variability of the method was 6.5–9.6% for IL-6, 4.3–7.5% for
IL-10, and 5.3–16.7% for TNF𝛼. All assays were performed
in duplicate and averaged data were used in the subsequent
analysis.

2.5. Statistics. Power calculation and estimation of sample
size were based on the primary outcome measure of the
original trial and have previously been described in detail
[17]. Variables were tested for normality of distributions with
the Kolmogorov-Smirnov test. Comparisons of numeric data
between the two groups were performed with the unpaired 𝑡-
test or the Wilcoxon rank sum test for independent samples,
depending on whether the variables followed a normal or
nonnormal distribution. The chi-square test or Fisher’s exact
test, as appropriate, was used for comparisons of categorical
data. Correlation between data was tested by using the Pear-
son product moment correlation coefficient test. Stepwise
multiple linear regression analysis was performed in order
to adjust for the effect of confounding and to investigate the
independent predictive value of variables. The postoperative
changes in Hb levels as well as serial changes in IL-6, Il-
10, and TNF𝛼 levels were analyzed with two-factor mixed
design analysis of variance with repeated measures for one
factor (time).The two factors were the subject group and time
and the Student-Newman-Keuls method was used post hoc
for pairwise multiple comparisons. Results are expressed as
mean SD or as median (25th–75th percentiles) depending
on normality of distributions. A value of 𝑃 < 0.05 was
considered as statistically significant. Statistical analysis was
performed by the use of SPSS for Windows v.16.0 statistical
software (SPSS Inc., Chicago, Il, USA).

3. Results

The 20 patients randomly selected from the two transfusion
allocation groups did not differ significantly in demographic
characteristics, namely, age, weight, height, sex, American
Society of Anesthesiologists (ASA) distribution, and the
type of surgical procedures performed. The postoperative
serial changes in the circulating levels of IL-6, IL-10, and
TNF𝛼 in these two subgroups of patients are summarized
in Figure 1. IL-6 was distinctly higher from baseline at all
time points in both subgroups. No intergroup differences
were demonstrated for IL-6 at any time point. IL-10 also
exhibited a postoperative increase as compared to baseline in

the two transfusion policy groups, which was obvious 6 and
24 hours postoperatively, with a subsequent decline to near
baseline ranges at the endof the observation period.However,
postoperative systemic induction of IL-10 was significantly
exaggerated in patients subjected to a higher volume of
transfusion (𝑃 < 0.05 for intergroup comparison 24 hours
postoperatively). Postoperative concentrations of TNF𝛼were
not significantly different from baseline in either subgroup.
TNF𝛼 levels were lower on the third postoperative day in the
liberal transfusion group as compared to the restrictive group
(𝑃 < 0.05 for intergroup comparison).

Peak postoperative IL-10 levels were found to correlate
significantly with the units of blood transfused (𝑟2 = 0.38,
𝑃 = 0.032) (Figure 2). Strong correlations between peak
postoperative IL-10 values and the mean duration of storage
of blood transfused (in days) (Figure 3) as well as the storage
time (in days) of the oldest unit transfused (Figure 4) were
also demonstrated (𝑟2 = 0.52, 𝑃 = 0.007 and 𝑟2 = 0.68,
𝑃 < 0.001, resp.). No correlations for the other twomediators
were demonstrated. Furthermore, we entered the units of
blood transfused, the mean age of the blood transfused, and
the storage time of the oldest unit transfused, which were
associated with peak IL-10 values by univariable analysis,
in a multivariable stepwise linear regression analysis model.
Multivariable regression analysis showed that all three factors
were independent variables significantly associated with peak
postoperative IL-10 levels (𝑃 = 0.04, 𝑃 = 0.02, and 𝑃 = 0.009,
resp.).

Outcome data of the 20 patients who participated in this
secondary subgroup analysis are presented in Table 1. Overall
RBC usage (units/patient) in the restrictive strategy group
was 0 [0, 2] (median [IQ range]) as compared to 1.5 [1, 3] in
the liberal strategy group (𝑃 = 0.037). Average postoperative
hemoglobin concentration was 9.6 ± 1.1 g dL−1 in the restric-
tive group versus 10.7 ± 1.0 g dL−1 in the liberal group (𝑃 =
0.004). The duration of storage of transfused blood (in days)
was shorter in the restrictive strategy group than in the liberal
strategy group (21.7 ± 10.9 versus 28.5 ± 6.3, 𝑃 = 0.044).The
two groups did not differ in the time of mobilization, time
of first liquid, and solid food intake as well as in the length
of hospital stay (𝑃 = 0.414, 0.550, 0.139, and 0.643, resp.).
Similarly, there was no difference in the rate of infectious
complications between the two transfusion allocation groups.
Finally, there was a trend for higher peak values of IL-10 in the
seven patients who developed postoperative complications,
although not statistically significant (𝑃 = 0.09) (Figure 5).

4. Discussion

Themain finding of this secondary post hoc analysis was the
higher level of IL-10 24 hours postoperatively in the group
that received more blood transfusions intraoperatively and
postoperatively in comparison to the restrictive transfusion
group. Additionally, peak postoperative IL-10 levels were
found to correlate with the units of blood transfused as well
as the mean duration of storage and the storage time of the
oldest unit transfused. In both transfusion allocation groups,
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Figure 1: (a) Serial changes in perioperative IL-6 levels. Data are presented as mean ± SD. No intergroup differences were demonstrated.
(𝑃 < 0.001, effect of time; 𝑃 = 0.462, group by time interaction). (b) Serial changes in perioperative IL-10 levels. Data are presented as
mean ± SD. Postoperative systemic induction of IL-10 was significantly exaggerated in the liberal transfusion group 24 h postoperatively.
( ∗𝑃 < 0.05 for intergroup comparison; 𝑃 < 0.001, effect of time; 𝑃 < 0.001, group by time interaction). (c) Serial changes in perioperative
TNF𝛼 levels. Data are presented as mean ± SD.There was a difference between the two groups on the third postoperative day. ( ∗𝑃 < 0.05 for
intergroup comparison; 𝑃 = 0.842, effect of time; 𝑃 = 0.029, group by time interaction).

there was a postoperative increase in the concentration of IL-
6 and IL-10 in comparison to baseline.

RBC transfusion can be life-saving in severe hemorrhage,
followingmajor trauma or as a complication ofmajor surgery
and its benefits in these indications are undisputed. However,
allogeneic blood products are a scarce and increasingly
expensive resource, which is not risk-free. Among other
risks, allogeneic blood transfusion has been incriminated
in transfusion-associated immunomodulation, with initia-
tion of a secondary inflammatory response enhancing the
inflammatory insult evoked by the surgical procedure. The
postoperative increase in the concentration of inflammatory
cytokines demonstrated in our secondary analysis is in

accordance with other studies which have shown ample
release of various inflammatory mediators after surgery [9,
19]. In fact, it has been shown that the surgical trauma induces
a profound inflammatory response through activation of
complex cascade systems among which cytokines seem to
play an important role in the acute phase. The release of
these mediators is considered protective at least initially,
since it aims at promoting healing of damaged tissues. How-
ever, the exaggerated and prolonged postoperative cytokine
responses as well as any imbalance between proinflammatory
and counterregulatory influences may lead to damage of
otherwise healthy tissues and lead to the development of
multiorgan failure and increased mortality [9, 20]. ΤNF-𝛼 is



Journal of Immunology Research 5

Units of transfused blood
0 2 4 6 8 10

0

20

40

60

80

100

120

140

160

180

−20

Pe
ak

 in
te

rle
uk

in
-1
0

(p
g m

L−
1
)

Figure 2: Scatter plot diagram of peak postoperative IL-10 values
versus the number of units transfused, depicting a significant
correlation (𝑟2 = 0.38, 𝑃 = 0.032).
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Figure 3: Scatter plot diagram of peak postoperative IL-10 values
versus the mean duration of storage of transfused blood (in days).
The storage time of transfused blood demonstrated a strong corre-
lation to peak IL-10 values (𝑟2 = 0.52, 𝑃 = 0.007).

one of the first bioactive substances released and although it
is not always detectable in the early phase following trauma
probably due to its short half-life [9], it mediates the release
of another proinflammatory substance, IL-6 [21–23]. IL-6 is
released in response to a variety of stimuli, including major
surgery and thermal injury [24]. It is a reliable marker of
tissue injury, it is almost constantly detected postoperatively,
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Figure 4: Scatter plot diagram of peak postoperative IL-10 values
versus the duration of storage (in days) of the oldest unit of blood
transfused. A strong correlation between the storage time of the
oldest unit transfused and peak IL-10 values was demonstrated (𝑟2 =
0.68, 𝑃 < 0.001).

and its systemic levels reflect the severity of the surgical
impact [25–27].

It is not always easy to decide whether the postop-
erative cytokine surge is causally related to the extent of
blood transfusion or to the circumstances that preceded or
necessitated it. Thus, distinguishing the immunomodulatory
effects of surgery from the effects of transfusion can be quite
difficult. In our study, however, IL-6 showed similar plasma
concentrations at equivalent time points postoperatively.The
lack of differentiation between the two groups might imply
that the surgical impact itself is predominantly responsible
for IL-6 release and that the role of blood transfusion may
be less definitive for IL-6 fluctuations postoperatively [9,
19, 28]. In contrast, although the initial pattern of IL-10
release was similar in both patient groups, there was a clear
differentiation 24 h postoperatively in IL-10 levels between
the two groups. By that time, IL-10 levels were significantly
elevated in patients with excessive red blood cell supply. The
observed difference in the postoperative time course and
magnitude of IL-10 release may be largely attributable to the
different transfusion therapy per se.

Although perioperative blood transfusion is thought
to synergistically exaggerate the surgery-evoked cytokine
response, it seems to induce a higher immunosuppressant
than a proinflammatory effect. In clinical investigations,
significant immunosuppression as a result of allogeneic blood
transfusion has been suggested to contribute to the high
recurrence rate of malignancies and to transplant rejection
episodes [29]. The balance between proinflammatory and
inflammatory cytokines is crucial for the host immune



6 Journal of Immunology Research

Table 1: Outcome data in the 20 patients of the restrictive and liberal transfusion group who were sampled for perioperative cytokines.

Parameter Restrictive strategy group (𝑛 = 10) Liberal strategy group (𝑛 = 10) 𝑃 value
RBC usage (units/patient) 0 [0, 2] 1.5 [1, 3] 0.037
Average postoperative Hb (g dL−1) 9.6 ± 1.1 10.7 ± 1.0 0.004
Duration of blood storage (days) 21.7 ± 10.9 28.5 ± 6.3 0.044
Time of mobilization (days) 2 [1, 2] 1 [1, 3] 0.414
Time of first liquid intake (days) 2 [2, 3] 2.5 [2, 3] 0.550
Time of first solid intake (days) 3 [2, 4] 5 [3–5] 0.139
Length of hospital stay (days) 7 [5, 7] 7 [5, 10] 0.643
Pulmonary complications 1 4 0.303
Intra-abdominal collection 0 1 1.000
Urinary infection 0 0 1.000
Wound infection 0 1 1.000
Values are mean ± SD for parametric numeric data, median [25th–75th percentiles] for nonparametric numeric data, and number (percentage) for categorical
data; RBC: red blood cells; Hb: hemoglobin.
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Figure 5: Scattergraph of peak postoperative IL-10 values in the
seven patients who developed postoperative complications and in
the 13 patients who did not. A trend for higher peak IL-10 values in
the patients with complications was demonstrated (𝑃 = 0.09).

response and any derangement can lead to host defense fail-
ure [30] or enhance susceptibility to infectious complications
[10, 11]. In fact, in the original randomized study, there was
a tendency for an increased rate of respiratory infectious
complications in the liberal transfusion group, although not
statistically significant [17]. This trend was not observed in
the subgroup analysis, obviously due to the low number of
patients that were allocated to cytokine sampling. However,
the trend for an increased rate of respiratory complications
in the liberal transfusion group, as described in the original
study, is consistent with literature reporting a dose-response
relationship between the number of units transfused and
the risk for postoperative infection [7, 28]. Both quantitative
andqualitative immunologic alterationsmight predispose the
recipient of a high blood transfusion volume to an increased
risk for bacterial infections [7]. As already mentioned, blood
transfusion has been shown to be associated with clinically

important immunosuppression [10, 11], which may be medi-
ated through the release or overexpression of IL-10. IL-10
is mainly considered anti-inflammatory and the predomi-
nance of anti-inflammation may lead to immunosuppression
(“immunoparalysis”). IL-10 has been shown to downregulate
a number of monocyte/macrophage actions and to prevent
migration of polymorphonuclear leukocytes and eosinophils
to sites of inflammation [15, 16, 31]. Additionally, high
circulating levels of IL-10 impair leukocyte activation and
degranulation [32]. IL-10 has also been suggested to play
a role in downregulation and suppression of T-helper cell
function [33, 34]. Immunosuppression mediated through IL-
10 can increase mortality because it hampers the effective
clearance of infectious agents in an experimental setting of
bacterial pneumonia while inhibition of IL-10 bioactivity
prolongs survival in a similar setting [35, 36].Moreover, IL-10
predominance over proinflammatory mediators is correlated
with poor patient survival after sepsis [37]. In our study, the
possibility of a causal association between IL-10 and blood
transfusion is further supported by the fact that, in this
subanalysis, peak IL-10 values were found to correlate with
the volume of transfused blood administered. The higher
levels of IL-10, the time course of its release as well as in the
greater incidence of postoperative respiratory complications
in the liberal transfusion group in the original study, and the
trend for higher peak values of IL-10 in the seven patients
who developed postoperative complications in this subgroup
analysis (although not statistically significant, probably due
to the small number of patients sampled for cytokine
measurements) might reflect the difference in transfusion
policy between the two groups. Our results extrapolate data
already shown in experimental studies to a clinical setting.
Specifically, in an experimental study, allogeneic stored blood
resulted in a significant TNF-𝛼 depression and IL-10 reduc-
tion when it was added to whole blood of a recipient and
subjected to coculture, mimicking an in vitromodel of blood
transfusion [38]. Moreover, in a mice study, allogeneic blood
transfusion led to a 5-fold increase in IL-10 production, which
did not return to control levels before day 30 after transfusion
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[39]. Finally, Mynster presented in vitro evidence of reduced
responsiveness of innate immune cells along with an increase
in IL-10 production after incubation of freshly donated blood
with allogeneic stored red blood cells [40].

In our subanalysis, peak IL-10 values were also found to
correlate with the storage time of blood units administered.
The generation of inflammatory mediators is, to some extent,
affected by storage duration due to degeneration of leukocytes
with increased storage time. With the disintegration of
leukocytes, leukocyte-derived and other biologic response
modifiers accumulate extracellularly during storage in a
time-dependent manner and may play a significant role in
immunosuppression and tissue damage [41, 42]. Erythrocytes
also undergo many corpuscular changes during storage and
the accumulation of toxic factors in the red cell membrane
might also contribute to storage time-dependent dysregu-
lation of immunity [43]. Moreover, in RBCs stored for a
long time, depleted levels of 2,3 diphosphoglycerate with the
resulting leftward shift in the oxyhemoglobin dissociation
curve and altered RBC rheology may impede regional blood
flow and adversely affect oxygen delivery to tissues [4,
44–46]. These may be involved in storage time-dependent
infectious side-effects in the recipient by predisposing to
splanchnic ischemia. Whether factors associated with dura-
tion of storage induce the observed increase in IL-10 release
in the liberal transfusion group has yet to be established. To
the best of our knowledge, it is the first time in the literature
that such a correlation has been demonstrated. In fact,
the tendency we found for an increased rate of respiratory
complications (albeit without statistical significance) in the
group with the greater volume of blood transfusion in the
original study might alternatively be attributed to IL-10-
storage-time- dependent dysregulation of immunity, since
this group received blood of older age. This finding is in
accordancewith other observational studies relating duration
of storage with morbidity [41, 47–50]. We cannot of course
rule out the possibility that confounding might have affected
our results since, in the design of our original protocol,
the distribution of length of storage of blood units among
the two groups was not truly random; according to our
results, patients who were exposed to a higher volume of
blood received a greater proportion of RBC units stored
for longer periods as compared to patients who had fewer
RBC transfusions. This however could be related to the fact
that large transfusion requirements increase the possibility of
transfusing blood units with long storage time. Additionally,
our hospital blood bank tends to release the oldest RBC units
first, following policies adopted by most hospital transfusion
services. Thus, it is more likely for patients requiring a
higher number or erythrocytes to receive transfusion with
older units. However, we believe that the strength of the
association between IL-10 values and storage variables in our
study might imply a direct relation between IL-10 and age
of blood administered. Additionally, multivariate regression
analysis showed that both volume and age of blood transfused
were independently associated with IL-10 values. A reliable
way to eliminate the effect of any confounding and to
detect a more solid association between storage duration
of transfused blood and complications would be to design

trials randomizing patients to different lengths of storage
of transfused units. Such randomization however might be
ethically unacceptable and therefore conclusions can mostly
be reached from observational studies.

In contrast to IL-10 and IL-6, postoperative systemic
concentrations of TNF𝛼 were only slightly elevated. This is
consistent with the literature and may have to do with the
sensitivity of the detection method involved (resulting in
small differences in mediator levels to go undetected) or may
be due to rises occurring only transiently during surgery;
recovering by the time blood was sampled after surgery [9,
21]. Studies have demonstrated the postoperative induction
of soluble TNF receptors, which may bind and inactivate
TNF𝛼 [51]. IL-10 has also been shown to downregulate the
production of TNF𝛼 from human alveolar macrophages and
peripheral blood monocytes [52, 53]. In fact, in our study,
the slight decrease in TNF𝛼 levels observed on the third
postoperative day in the liberal transfusion group followed
the surge of IL-10, which shows that the time course and
variation of TNF𝛼 may be additionally regulated by the
presence of anti-inflammatory IL-10.

The major limitation of this secondary post hoc analysis
is that cytokines were analyzed in only a subgroup of patients
due to the high cost of the measurement kits and to hospital
budget limitations. We however believe that our results are
relevant and give some insight especially into the poten-
tial association of IL-10 and transfusion-related parameters.
Another consideration is that nonleukoreduced blood was
used for transfusion, which could have had an impact on the
levels of mediators studied. Despite the fact that the mecha-
nisms involved in the immunomodulatory effect of allogeneic
blood transfusion have not been thoroughly elucidated yet,
it has been suggested that the majority of these effects is
mediated by the interaction of white blood cells (or their
products) in transfused blood and anti-leukocyte antibodies
in the recipient plasma [54–56]. It has also been shown that
patients transfused with blood without prestorage leukocyte
reductionmight present lymphocyte count alterations associ-
ated with a decrease in natural killer T-cells and therefore be
at higher risk for postoperative bacterial infection episodes
[57]. Therefore, TRIM seems to depend on the degree of
contamination of transfused blood with leukocytes, storage
time, and cytokine content [12, 38]. However, even though
the reduction of leukocyte content in blood products by
prestorage leukodepletion seems to be a reasonable approach
to preventing TRIM, doubts have been raised against the uni-
versal implementation of leukocyte reduction.This is because
immunomodulatory effects have been described even after
transfusion of leukocyte-depleted blood [58, 59]. So, it has
been argued that the remaining immunomodulatory effect
of blood transfusion, even after prestorage leukodepletion,
could be mediated either by the few remaining leukocytes
or by unidentified bioactive substances other than those
present in leukocytes. Such substances could be molecules
in the plasma supernatant produced or released by platelet
products and might mediated immune reactions on transfu-
sion [60]. Additionally, erythrocytes might also play a role
in immunosuppression, since erythrocyte membrane phos-
pholipids have been shown to activate macrophage-derived
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phospholipids, which are potent immunoregulatory factors
[4, 43, 45, 61, 62]. Moreover, allogeneic stored blood, with but
also without leukodepletion, resulted in a significant TNF-
𝛼 depression and IL-10 induction in an in vitro model of
transfusion that used cultured human blood [38]. There-
fore, the practice of universal leukocyte reduction has been
questioned; it has not been adopted worldwide and it varies
significantly among countries, taking into consideration eco-
nomic factors as well [63–65]. Particularly in North America,
a strong opposition against universal leukocyte reduction
has been expressed by a large group of American blood
bank physicians [66]. Prospective randomized studies could
give some solid answers regarding the undoubtful benefit of
leukodepletion, but these studies could be performed only in
countries where the practice is not mandatory.

In conclusion, in the present subanalysis and taking into
consideration the restrictions of the small sample size, a
more liberal transfusion strategy was associated with higher
IL-10 levels. Although it cannot definitely be stated that
excessive transfusion therapy is responsible for the elevation
of IL-10, the correlations observed show that the strength
of the association between blood transfusion and IL-10 is
greater than that for IL-6. Therefore, IL-10 with its potent
anti-inflammatory effect may play a distinct role in the
downregulation of host immunity and blood transfusionmay
exert its immunosuppressive effect in part by stimulating IL-
10 production. However, a larger sample size and a more
controlled analysis would be needed to address the question
of transfusion-related immunomodulation and reproduce
the findings of this preliminary report.
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[32] M. Tylman, J. Bengtson, A. Åvall, M.Hyllner, andA. Bengtsson,
“Release of interleukin-10 by reinfusion of salvaged blood after
knee arthroplasty,” Intensive Care Medicine, vol. 27, no. 8, pp.
1379–1384, 2001.

[33] A. D. Santin, S. Bellone, M. Palmieri et al., “Effect of blood
transfusion during radiotherapy on the immune function of
patients with cancer of the uterine cervix: role of interleukin-
10,” International Journal of Radiation Oncology Biology Physics,
vol. 54, no. 5, pp. 1345–1355, 2002.

[34] G. Del Prete, E.Maggi, and S. Romagnani, “HumanTh1 andTh2
cells: functional properties, mechanisms of regulation, and role
in disease,” Laboratory Investigation, vol. 70, no. 3, pp. 299–306,
1994.

[35] T. Van Der Poll, A. Marchant, C. V. Keogh, M. Goldman, and
S. F. Lowry, “Interleukin-10 impairs host defense in murine
pneumococcal pneumonia,” Journal of Infectious Diseases, vol.
174, no. 5, pp. 994–1000, 1996.

[36] M. J. Greenberger, R. M. Strieter, S. L. Kunkel, J. M. Danforth,
R. E. Goodman, and T. J. Standiford, “Neutralization of IL-10
increases survival in a murine model of Klebsiella pneumonia,”
Journal of Immunology, vol. 155, no. 2, pp. 722–729, 1995.

[37] C. A. Gogos, E. Drosou, H. P. Bassaris, and A. Skoutelis,
“Pro-versus anti-inflammatory cytokine profile in patients with
severe sepsis: a marker for prognosis and future therapeutic
options,” Journal of Infectious Diseases, vol. 181, no. 1, pp. 176–
180, 2000.

[38] A. E. Biedler, S. O. Schneider, U. Seyfert et al., “Impact
of alloantigens and storage-associated factors on stimulated
cytokine response in an in vitro model of blood transfusion,”
Anesthesiology, vol. 97, no. 5, pp. 1102–1109, 2002.

[39] W. Shao, L. S. Edelman, D. J. Sullivan, E. W. Nelson, and J.
Shelby, “Long-term cytokine alterations following allogeneic
blood transfusion,” Journal of InvestigativeMedicine, vol. 46, no.
4, pp. 161–167, 1998.

[40] T. Mynster, “Effects of red cell storage and lysis on in vitro
cytokine release,” Transfusion and Apheresis Science, vol. 25, no.
1, pp. 17–23, 2001.

[41] J. A. Weinberg, G. McGwin Jr., M. B. Marques et al., “Trans-
fusions in the less severely injured: does age of transfused
blood affect outcomes?” Journal of Trauma—Injury, Infection
and Critical Care, vol. 65, no. 4, pp. 794–798, 2008.

[42] E. C. Vamvakas and M. A. Blajchman, “Deleterious clinical
effects of transfusion-associated immunomodulation: fact or
fiction?” Blood, vol. 97, no. 5, pp. 1180–1195, 2001.

[43] J. R. Hess, “Red cell changes during storage,” Transfusion and
Apheresis Science, vol. 43, no. 1, pp. 51–59, 2010.

[44] T. S. Walsh, F. McArdle, S. A. McLellan et al., “Does the storage
time of transfused red blood cells influence regional or global
indexes of tissue oxygenation in anemic critically ill patients?”
Critical Care Medicine, vol. 32, no. 2, pp. 364–371, 2004.

[45] I. Chin-Yee, N. Arya, andM. S. D’Almeida, “The red cell storage
lesion and its implication for transfusion,” Transfusion Science,
vol. 18, no. 3, pp. 447–458, 1997.

[46] R. D. Fitzgerald, C. M. Martin, G. E. Dietz, G. S. Doig, R. F.
Potter, and W. J. Sibbald, “Transfusing red blood cells stored in
citrate phosphate dextrose adenine-1 for 28 days fails to improve
tissue oxygenation in rats,” Critical Care Medicine, vol. 25, no. 5,
pp. 726–732, 1997.

[47] E. C. Vamvakas and J. H. Carven, “Transfusion and postopera-
tive pneumonia in coronary artery bypass graft surgery: effect
of the length of storage of transfused red cells,” Transfusion, vol.
39, no. 7, pp. 701–710, 1999.

[48] C. G. Koch, L. Li, D. I. Sessler et al., “Duration of red-cell storage
and complications after cardiac surgery,” The New England
Journal of Medicine, vol. 358, no. 12, pp. 1229–1239, 2008.

[49] P. J. Offner, E. E. Moore, W. L. Biffl, J. L. Johnson, and
C. C. Silliman, “Increased rate of infection associated with
transfusion of old blood after severe injury,”Archives of Surgery,
vol. 137, no. 6, pp. 711–717, 2002.

[50] Z.Murrell, J. S. Haukoos, B. Putnam, and S. R. Klein, “The effect
of older blood on mortality, need for ICU care, and the length
of ICU stay after major trauma,” American Surgeon, vol. 71, no.
9, pp. 781–785, 2005.

[51] M. E. Cinat, K. Waxman, G. A. Granger, W. Pearce, C. Annas,
and K. Daughters, “Trauma causes sustained elevation of
soluble tumor necrosis factor receptors,” Journal of theAmerican
College of Surgeons, vol. 179, no. 5, pp. 529–537, 1994.

[52] R. De Waal Malefyt, J. Abrams, B. Bennett, C. G. Figdor, and
J. E. De Vries, “Interleukin 10(IL-10) inhibits cytokine synthesis
by humanmonocytes: an autoregulatory role of IL-10 produced
by monocytes,” Journal of Experimental Medicine, vol. 174, no.
5, pp. 1209–1220, 1991.

[53] L. Armstrong, N. Jordan, and A. Millar, “Interleukin 10 (IL-
10) regulation of tumour necrosis factor 𝛼 (TNF-𝛼) from
human alveolarmacrophages and peripheral bloodmonocytes,”
Thorax, vol. 51, no. 2, pp. 143–149, 1996.

[54] J. O. Bordin, N. M. Heddle, and M. A. Blajchman, “Biologic
effects of leukocytes present in transfused cellular blood prod-
ucts,” Blood, vol. 84, no. 6, pp. 1703–1721, 1994.

[55] H. J. Nielsen, C. M. Reimert, A. N. Pedersen et al., “Time-
dependent, spontaneous release of white cell- and platelet-
derived bioactive substances from stored human blood,” Trans-
fusion, vol. 36, no. 11-12, pp. 960–965, 1996.

[56] H. T. Meryman, “Transfusion-induced alloimmunization and
immunosuppression and the effects of leukocyte depletion,”
Transfusion medicine reviews, vol. 3, no. 3, pp. 180–193, 1989.



10 Journal of Immunology Research

[57] J. O. Bordin, A. K. Chiba, K. I. L. Carvalho et al., “The effect
of unmodified or prestorage white cell-reduced allogeneic red
cell transfusions on the immune responsiveness in orthopedic
surgery patients,” Transfusion, vol. 39, no. 7, pp. 718–723, 1999.

[58] J. G. Houbiers, C. J. Van De Velde, L. M. Van DeWatering et al.,
“Transfusion of red cells is associated with increased incidence
of bacterial infection after colorectal surgery: a prospective
study,” Transfusion, vol. 37, no. 2, pp. 126–134, 1997.

[59] T. Mynster and H. J. Nielsen, “Prestorage leucofiltration of
red blood cell suspensions modulates storage time-dependent
suppression of in vitro cytokine release,” Infusionstherapie und
Transfusionsmedizin, vol. 27, no. 5, pp. 244–249, 2000.

[60] N. M. Heddle, L. Klama, J. Singer et al., “The role of the plasma
from platelet concentrates in transfusion reactions,” The New
England Journal of Medicine, vol. 331, no. 10, pp. 625–628, 1994.

[61] M. Feola, J. Simoni, R. Tran, C. D. Lox, and P. C. Canizaro,
“Toxic factors in the red blood cell membrane,” Journal of
Trauma, vol. 29, no. 8, pp. 1065–1075, 1989.

[62] G. J. Grover and D. J. Loegering, “Effect of splenic sequestration
of erythrocytes on splenic clearance function and susceptibility
to septic peritonitis,” Infection and Immunity, vol. 36, no. 1, pp.
96–102, 1982.

[63] A. Brand, L. M. van de Watering, and F. H. Claas, “Clinical
significance of leukoreduktion of blood components,” Vox
Sanguinis, vol. 78, pp. 227S–229S, 2000.

[64] E. C. Vamvakas and M. A. Blajchman, “Universal WBC reduc-
tion: the case for and against,”Transfusion, vol. 41, no. 5, pp. 691–
712, 2001.

[65] E. C. Vamvakas, “White blood cell-containing allogeneic blood
transfusion, postoperative infection and mortality: a meta-
analysis of observational “before-and-after” studies,” Vox San-
guinis, vol. 86, no. 2, pp. 111–119, 2004.

[66] R. L. Thurer, N. L. C. Luban, J. P. AuBuchon et al., “Universal
WBC reduction,” Transfusion, vol. 40, no. 6, pp. 751–752, 2000.


