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Introduction

The complications of allogeneic transfusions, such as 
transfusion-related immunological modulation and the 
transmission of infectious agents, are widely acknowl-
edged [1–3]. Biological substances released from blood 
components during storage play important roles in these 
side effects [4–6]. For example, the cause of the febrile 
nonhemolytic transfusion reaction was previously attrib-
uted to the immune system’s reaction against donor 
leukocytes. However, several studies have implicated 
infl ammatory cytokines generated during storage for 
this syndrome [7,8]. Furthermore, proteins and lipids 
released during storage prime neutrophils and may 
result in transfusion-related acute lung injury [9,10]. In 
this respect, several studies have compared the genera-
tion of infl ammatory mediators during storage and the 
reactions of the recipients of autologous and allogeneic 
blood transfusions [11–13]. These studies mainly focused 
on the difference between preoperative donation (PD) 
and allogeneic blood transfusions and concluded that 
autologous blood elicited less of an infl ammatory 
response. However, recent reports have demonstrated 
that even PD blood triggers an infl ammatory response 
in the recipient under certain conditions [14,15]. To 
clarify the possible effects of autologous transfusion 
on the infl ammatory response, we compared the infl a-
mmatory response of PD and acute normovolemic 
hemodilution (ANH), another method for autologous 
transfusion.

The purpose of this prospective, observational study 
was to investigate the production of infl ammatory medi-
ators in ANH and PD during storage and the subse-
quent infl ammatory responses in the transfused hosts.

Abstract
Purpose. The infl ammatory response triggered by transfu-
sion is implicated in the pathophysiology of transfusion-related 
immunomodulation. The authors hypothesized that two 
distinctive autotransfusion methods, acute normovolemic 
hemodilution (ANH) and preoperative donation (PD), have 
different infl uences on both infl ammatory mediator genera-
tion during storage and the infl ammatory response after a 
transfusion. The purpose of this study was to compare the 
plasma concentrations of neutrophil elastase (NE), interleu-
kin (IL)-6, IL-8, and IL-10 in patients who underwent either 
of these two autologous transfusion methods.
Methods. With institutional review board approval, the 
plasma concentrations of the above infl ammatory mediators 
were determined in 23 patients with ANH and 8 patients with 
PD at the following time points: after anesthetic induction, at 
the end of the operation, and the morning of postoperative 
day 1. The concentrations of these infl ammatory mediators 
were also measured in the donated blood obtained by either 
ANH or PD before retransfusion.
Results. The mean storage durations were 3.7 h and 6.1 days 
for ANH and PD, respectively. Higher concentrations of NE 
and IL-10 were detected in the PD blood than in the ANH 
blood. Long duration of storage and/or low temperature may 
have been responsible for the increased NE and IL-10 con-
centrations in the PD blood. However, the difference between 
the two groups in the extent of increased plasma concentra-
tions of these infl ammatory mediators was not statistically 
signifi cant.
Conclusion. Infl ammatory mediators were signifi cantly 
increased in PD blood during storage compared to the blood 
obtained by ANH. However, their effects on the infl ammatory 
response elicited in the recipients were not signifi cantly 
different.
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Subjects and methods

The institutional review board of Tachikawa Kyosai 
Hospital approved the study protocol, and informed 
consent from each patient was obtained before the 
study started. Consecutive patients undergoing major 
abdominal, urological, and orthopedic surgery with 
800 ml of ANH or PD at Tachikawa Kyosai Hospital 
during a 30-month period were prospectively examined. 
Patients who were transfused with less than 800 ml of 
autologous blood and those who received concomitant 
allogeneic blood products were excluded from the anal-
ysis. The general anesthesia applied to all the patients 
was sevofl urane and nitrous oxide.

Autologous transfusion

The inclusion criteria of ANH were as follows: esti-
mated intraoperative blood loss more than 1000 ml and 
preoperative hemoglobin (Hb) more than 11 g·dl−1. 
After the induction of general anesthesia, 800 ml of 
autologous blood was drawn into a blood bag contain-
ing citrate-phosphate-dextrose (CPD; Terumo, Tokyo, 
Japan) via an intravenous catheter placed in the right 
internal jugular vein. After blood collection, 1000 ml of 
6% hydroxyethyl starch solution (Saline-Hes HES 
70/0.5; Kyorin Pharmaceuticals, Tokyo, Japan) was 
administered to maintain normovolemia. The autolo-
gous blood, stored at room temperature, was retrans-
fused to maintain Hb at more than 8 g·dl−1 during 
surgery. Other anesthetic management, including fl uid 
administration, was at the discretion of the attending 
anesthesiologist.

In the PD group, orthopedic patients whose estimated 
intraoperative blood loss exceeded 1000 ml were 
included. Autologous blood (800 ml) was donated 
before surgery and was stored in a CPD-containing bag 
at 4°C. Patients received supplemental FeSO4 and 
recombinant human erythropoietin (rhEPO; Daiichi 
Pharmaceuticals, Tokyo, Japan). The same anesthetic 
management as that in the ANH group was applied, 
including the trigger for transfusion of autologous 
blood.

Measurements of neutrophil elastase (NE) and 
interleukin (IL)-6, IL-8, and IL-10

The sample of donated blood was obtained at the time 
of retransfusion. Arterial blood was obtained at the fol-
lowing time points: after anesthetic induction, at the end 
of the operation, and the morning of postoperative day 
1 (POD 1). All samples were immediately centrifuged 
at 4°C and the plasma was stored at −80°C until assay. 
Plasma concentrations of the following infl ammatory 
mediators were assayed with commercially available 

enzyme immunoassay systems: NE, with PMN Elastase 
(Merck, Darmstadt, Germany); and IL-6, IL-8, and 
IL-10, with Biotrak cytokine human EIA systems 
(Amersham, Buckinghamshire, UK). All the assays 
were duplicated and averaged data were used in the 
subsequent analysis. The clinical presentations of any 
types of transfusion reactions were recorded.

Statistical methods

The values for demographic and surgical data were 
expressed as means ± SD. The values for the concentra-
tions of the infl ammatory mediators were expressed as 
medians and 25th–75th percentiles. Friedman’s test 
assessed changes within the groups. If the P value was 
less than 0.05, post-hoc comparisons were performed 
for the change from the preoperative value by a two-
tailed Wilcoxon test for pair-wise comparisons. Because 
multiple comparisons were required to evaluate statisti-
cally signifi cant change within a group, P < 0.01 was 
used. Comparisons between the ANH and PD groups, 
were performed with the Mann-Whitney test and differ-
ences were considered signifi cant if the P value was less 
than 0.05.

Results

The patient demographics are summarized in Table 1. 
There were no signifi cant differences in any parameters 
between the two groups. The ANH group (n = 23) con-
sisted of patients who underwent major gastrointestinal 
(n = 10) and urological (n = 11) surgery for malignancy, 
as well as patients who underwent gynecological and 
spinal surgery (n = 1 each). The PD group (n = 8) con-
sisted of patients who underwent orthopedic surgery 
(spinal or hip replacement surgery).

The mean storage duration of ANH blood and PD 
blood was 3.7 h and 6.1 days, respectively. All the 
donated blood was retransfused and there were no clini-
cally relevant transfusion reactions after retransfusion 
in either of the groups.

The concentrations of the infl ammatory mediators in 
the donated blood at the time of retransfusion are sum-

Table 1. Patient characteristics

ANH (n = 23) PD (n = 8)

Age (years) 52 ± 12 50 ± 13
Sex (M/F) 18/5 5/3
Duration of surgery (min) 327 ± 156 227 ± 88
Blood loss (g) 833 ± 397 780 ± 570
Hb on POD 1 (g·dl−1) 11.6 ± 1.5 11.1 ± 1.0
WBC on POD 1 (mm−3) 12 160 ± 2770 11 540 ± 1610

Data values are expressed as means ± SD. No signifi cant differences 
were found in any of the parameters
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marized in Table 2. The concentrations of NE and IL-10 
in the donated blood were signifi cantly higher in the PD 
group than in the ANH group. However, neither IL-6 
nor IL-8 levels in the donated blood differed between 
the two groups.

Changes in the plasma concentrations of the studied 
infl ammatory mediators during the perioperative period 
are summarized in Figs. 1 to 4. There was a signifi cant 
increase in the plasma NE concentration on POD 1 
compared to the preoperative value in both groups, but 
there was no signifi cant difference between the groups 
(Fig. 1). Plasma IL-6 also steadily increased immedi-
ately postoperatively and on POD 1 in the ANH group 
(Fig. 2). In the PD group, it remained unchanged imme-
diately postoperatively, but was signifi cantly increased 
on POD 1. Plasma IL-8 was signifi cantly increased 
immediately postoperatively in the ANH group (Fig. 3) 
and then decreased signifi cantly on POD 1 and returned 
to the preoperative level. In the PD group, no signifi -
cant change in plasma IL-8 was noted during the study 

Table 2. Concentrations of infl ammatory mediators in the autologous blood

ANH (n = 23) PD (n = 8)

Neutrophil elastase (ng·ml−1) 251 (151–280) 506 (479–633)*
IL-6 (pg·ml−1) 4.9 (2.3–4.7) 5.3 (2.0–5.5)
IL-8 (pg·ml−1) 10.0 (2.8–11.7) 18.1 (8.2–22.0)
IL-10 (pg·ml−1) 11.9 (5.9–18.2) 28.0 (11.4–42.6)*

* P < 0.05 vs ANH group
Concentration was determined at the time of retransfusion. Data values are expressed as means 
(25th–75th percentiles)

Fig. 1. The plasma concentrations of neutrophil elastase in 
the acute normovolemic hemodilution (ANH) group (n = 23; 
open boxes) and PD group (n = 8; shaded boxes) are summa-
rized in this box plot. The median values, 25th–75th percen-
tiles, and 10th–90th percentiles are given. Pre, after anesthetic 
induction; Post, at the end of operation; 1POD, the morning 
after the operation. *P < 0.01 vs preoperative value with Wil-
coxon rank sum test. No signifi cant differences were noted 
between the ANH group and the PD group

Fig. 2. The plasma concentrations of interleukin-6 (IL-6) in 
the ANH group (n = 23; open boxes) and PD group (n = 8; 
shaded boxes) are summarized in this box plot. The median 
values, 25th–75th percentiles, and 10th–90th percentiles are 
given. Pre, after anesthetic induction; Post, at the end of oper-
ation; 1POD, the morning after the operation. *P < 0.01 vs 
preoperative value with Wilcoxon rank sum test. No signifi -
cant differences were noted between the ANH group and the 
PD group

period. The plasma IL-10 level did not change during 
the study period in either of the groups (Fig. 4). 
Although the changing profi les of these infl ammatory 
mediators in the two groups were somewhat different 
over time, the plasma concentrations of NE, IL-6, IL-8, 
and IL-10 at equivalent time points were not signifi -
cantly different between the two groups.

Discussion

This study demonstrated that NE and IL-10 were sig-
nifi cantly higher in PD blood than in ANH blood (Table 
2). This fi nding indicates that the generation of infl am-
matory mediators is, to some extent, affected by storage 
conditions. The risks associated with allogeneic blood 
transfusions have been well recognized, and autologous 
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blood transfusion is now widely preferred [16]. One of 
the major advantages of autologous transfusion is that 
it causes less of a proinfl ammatory response when com-
pared to allogeneic blood transfusions.

Recently, much attention has focused on the accumu-
lation of infl ammatory mediators during the retrieval 

and storage of donated blood. Possible relationships 
between the accumulation of infl ammatory mediators 
and the side effects of blood transfusions, such as non-
hemolytic febrile reaction, transfusion-related lung 
injury, and multiple organ failure after a massive trans-
fusion have been investigated. For example, several 
studies have reported increased concentrations of NE, 
IL-1β, IL-6, and IL-8 during storage [17–20]. Addition-
ally, Biedler et al. [13] reported that banked whole 
blood had an immunosuppressive effect that was largely 
attributable to storage-dependent factors. Jensen et al. 
[4] reported an increased IL-6 concentration 3 days 
after colorectal surgery in patients who underwent allo-
geneic transfusion, and they noted that the increase was 
attenuated by leukocyte depletion before storage.

Because these fi ndings suggest that the presence of 
leukocytes during storage signifi cantly augments the 
infl ammatory response, leukocyte depletion in autolo-
gous transfusion may have the potential to attenuate the 
infl ammatory response. Additionally, the storage dura-
tion is obviously longer in PD blood than in ANH blood. 
This storage period may have a signifi cant impact on the 
transfusion-related infl ammatory response. Recent 
investigations, which have reported that the prolonged 
storage of allogeneic blood might increase morbidity, 
may support this possibility [21–23]. The temperature 
during storage may also affect the infl ammatory 
response. ANH blood is typically stored at room tem-
perature in order to preserve platelet function [24,25]. 
Based on these possibilities, we hypothesized that the 
methods of autologous transfusion may affect the peri-
operative infl ammatory response, because different 
storage durations and conditions may cause a distinct 
pattern of infl ammatory mediator generation.

We found no differences in the IL-6 and IL-8 concen-
trations in the stored blood between our two groups. 
These cytokines are, presumably, released from the 
neutrophils and monocytes contained in the stored 
blood. Kristiansson et al. [18] reported increased con-
centrations of these cytokines in red blood cell concen-
trates during storage. Interestingly, they reported that 
the increase of IL-6 was independent of the length of 
storage, but the increase of IL-8 was dependent on the 
length of storage. In contrast, we found that the IL-10 
concentration in the PD blood increased signifi cantly 
during storage (Table 2). Hodge et al. [26] reported that 
IL-10 production during storage was decreased at room 
temperature and increased at 4°C. Our data correspond 
with their conclusion that temperature plays an impor-
tant role in IL-10 production during storage.

The plasma concentrations of the investigated cyto-
kines increased at some points of measurement in each 
study group, as shown in Figs. 1 through 4. However, 
there were no signifi cant differences in the plasma con-
centrations of IL-6, IL-8, and IL-10 between the two 

Fig. 3. The plasma concentrations of IL-8 in the ANH group 
(n = 23; open boxes) and the PD group (n = 8; shaded boxes) 
are summarized in this box plot. The median values, 25th–75th 
percentiles, and 10th–90th percentiles are given. Pre, after 
anesthetic induction; Post, at the end of operation; 1POD, the 
morning after the operation. *P < 0.01 vs preoperative value 
with Wilcoxon rank sum test. No signifi cant differences were 
noted between the ANH group and the PD group

Fig. 4. The plasma concentrations of IL-10 in the ANH group 
(n = 23; open boxes) and the PD group (n = 8; shaded boxes) 
are summarized in this box plot. The median values, 25th–75th 
percentiles, and 10th–90th percentiles are given. Pre, after 
anesthetic induction; Post, at the end of operation; 1POD, the 
morning after the operation. No signifi cant differences were 
noted between any time points and the preoperative value, 
nor were any signifi cant differences noted between the ANH 
group and the PD group
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groups. Additionally, there was no apparent relation-
ship between the concentration in the stored blood and 
the plasma sampled from the patients. Avall et al. [12] 
found that patients who were transfused with PD blood 
demonstrated higher IL-6 and IL-8 concentrations in 
plasma than patients who received allogeneic blood 
transfusion. They concluded that an attenuated cyto-
kine response to allogeneic transfusion was a sign of 
immunosuppression. Heiss et al. [11] reported a signifi -
cant increase in plasma IL-10 after an allogeneic trans-
fusion but not after an autologous transfusion in patients 
undergoing colorectal cancer surgery. Tylman et al. [27] 
reported that reinfusion of salvaged blood resulted in 
an increased plasma IL-10 concentration. These results 
suggest that the difference between PD and ANH had 
less of an impact on the transfusion-triggered infl amma-
tory response compared to allogeneic transfusion or the 
reinfusion of salvaged blood.

There are some limitations in the present study. First, 
the present study population varied in terms of back-
ground and surgical procedure. These differences were 
mainly caused by the fact that the decision to apply 
autologous transfusion was at the discretion of the sur-
geons and was based on their clinical preferences. These 
differences make the interpretation of the data some-
what diffi cult. The different baseline characteristics of 
the subjects, especially the presence of malignancy, may 
have affected the results. Previous investigations have 
demonstrated that preoperative values of the infl amma-
tory cytokines that we investigated were similar in 
patients undergoing either surgery for cancer removal 
or orthopedic reconstructive surgery [4,11,12,27]. 
However, it is still possible that the transfusion-related 
infl ammatory response was actually less in our ANH 
group, but the difference may have been undetected 
due to the infl uence of a more stressful surgical proce-
dure in the ANH group. Second, the numbers of par-
ticipants in the two groups were small and unevenly 
distributed. Because the cytokine concentrations were 
not normally distributed, formal power analysis was not 
feasible for our study. However, we do not think that 
increasing the number of participants would drastically 
change the results. Third, other medications may also 
affect the infl ammatory response. For example, eryth-
ropoietin [28] and FeSO4 [29] were administered to the 
PD group, while HES 70/0.5 was infused to maintain 
normovolemia in the ANH group. Thus, the anti-
infl ammatory properties of the HES solutions may have 
contributed to the results [30]. However, the prepara-
tions used in the present study have characteristics dif-
ferent from those of commonly used HES preparations, 
such as HES 130/0.4 or 200/0.5, so this possibility remains 
to be clarifi ed [31]. Despite these limitations, the present 
study provided previously unknown information about 
the differences in infl ammatory mediator generation 

during storage and the infl ammatory response elicited 
in the recipients of PD blood and ANH.

In conclusion, this study demonstrated higher NE and 
IL-10 concentration over time in predonated autolo-
gous blood than in instantaneous autologous blood 
obtained by normovolemic hemodilution. This differ-
ence may be related to the differences in storage condi-
tions between the two methods. However, the plasma 
concentrations of these infl ammatory mediators were 
not different between the study groups after retransfu-
sion, indicating that the infl ammatory response was not 
affected by the method of autologous transfusion.
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