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Summary
Background: Previous investigations have suggested bene-
ficial effects of fresh versus stored red blood cell transfu-
sion in critically ill patients. The present study investigates 
the effects of red blood cell storage time on the clinical 
course and hemodynamic and laboratory parameters in pa-
tients with septic shock. Patients and Methods: 18 patients 
with septic shock received 2 erythrocyte units stored for ≤ 7 
days (n = 8) or > 7 days (n = 10). The sequential organ fail-
ure assessment (SOFA) score was calculated for 7 days. He-
modynamic parameters (cardiac index, extravascular lung 
water) were determined using transpulmonary thermodilu-
tion. Laboratory parameters (lactate, base excess, C-reactive 
protein, procalcitonin, IL-1 , IL-6, TNF- , sVCAM-1, sICAM-
1) were monitored before and 1, 3, 6, 12, 24, and 48 h after 
transfusion. The Mann-Whitney-U test and Neumann test 
were used for group comparison and trend assessment, re-
spectively. Results: We failed to observe significant differ-
ences with respect to SOFA scores between patients receiv-
ing fresh or stored erythrocytes. However, a significant 
trend towards an improvement in the SOFA score was 
found in the group receiving fresh erythrocytes (p < 0.01). 
No significant differences in hemodynamic or laboratory 
parameters were found between both groups. Conclusion: 
While the present findings do not provide clear-cut evidence 
supporting beneficial effects of fresh red blood cells in sep-
tic shock, they warrant larger randomized studies to confirm 
or refute such effects. 

Schlüsselwörter
Bluttransfusion · Septischer Schock · Hämodynamische 
Parameter · Proinflammatorische Zytokine

Zusammenfassung
Hintergrund: In vorangegangenen Studien wurde ein positi-
ver Effekt von frischen verglichen mit gelagerten Erythro-
zytenkonzentraten (EK) auf den klinischen Verlauf kritisch 
kranker Patienten gezeigt. Die vorliegende Studie unter-
sucht den Effekt der EK-Lagerungsdauer auf den klinischen 
Verlauf sowie die hämodynamischen und Laborparameter 
im septischen Schock. Patienten und Methoden: 18 Patien-
ten im schweren septischen Schock erhielten jeweils 2 EKs 
mit einer Lagerungsdauer von ≤ 7 Tagen (n = 8) oder > 7 
Tagen (n = 10). Der Sequential Organ Failure Assessment 
(SOFA)-Score wurde über 7 Tage registriert. Hämodynami-
sche Parameter (kardialer Index, extravaskuläres Lungen-
wasser) wurden mittels transpulmonaler Thermodilution 
bestimmt. Laktat, Basenabweichung, C-reactives Protein, 
Procalcitonin, IL-1 , IL-6, TNF- , sVCAM-1 und sICAM-1 
wurden vor und an Stunde 1, 3, 6, 12, 24 und 48 nach Trans-
fusion bestimmt. Der Mann-Whitney-U-Test und Neumann-
Test wurden zur statistischen Analyse der Unterschiede zwi-
schen den Gruppen bzw. zur Trendanalyse eingesetzt. Er-

gebnisse: Zwischen den Patientengruppen, die frische bzw. 
gelagerte Konzentrate erhielten, konnten keine Unter-
schiede bezüglich des SOFA-Scores beobachtet werden. 
Trotzdem zeigte die Trendanalyse innerhalb der einzelnen 
Gruppen, dass Patienten, die frische EKs erhielten, einen 
 signifikanten Trend zur Verbesserung des SOFA-Scores (p < 
0,01) hatten. Dieser Trend zu einem besseren klinischen 
Verlauf ließ sich jedoch nicht mit signifikanten Unterschie-
den in den hämodynamischen oder klinischen Parametern 
in Verbindung bringen. Schlussfolgerung: Die vorliegenden 
Ergebnisse belegen keinen sicheren Vorteil einer Trans-
fusion von frischen statt gelagerten EKs im septischen 
Schock. Der positive Trend im klinischen Verlauf sollte je-
doch in größeren randomisierten Studien überprüft werden.
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frequency > 20/min, paCO2 < 32 mm Hg, or leukocyte count > 12,000 or 
< 4,000/μl. Exclusion criteria were surgery with cardiopulmonary bypass 
within the last 48 h, active bleeding, clinically relevant hemolysis, serum 
ferritin > 1,000 mg/dl, heart valve malfunction, status after gastrectomy, 
Child-Pugh class C liver cirrhosis, portal hypertension, or esophageal 
varices. 

Study Design
This was a blinded, observational, non-randomized study. Consecutive 
patients fulfilling all criteria received 2 erythrocyte units of the same stor-
age time (with a maximal difference of 1 day), if Hb was lower than 9.0 g/
dl. Packed red blood cells aged 1–23 days were provided by the blood 
bank of the University Hospital of Münster and were leukocyte-reduced. 
The exact storage time was not known at the time of transfusion and was 
revealed after the observational period. Erythrocyte units were arbitrarily 
classified as fresh (≤ 7 days old) or stored (> 8 days old). Accordingly, pa-
tients were divided into 2 groups receiving fresh or stored red blood cells. 
There was no blood bank policy to preferentially transfuse fresh red 
blood cells. 

Clinical and Laboratory Assessment
Organ failure was assessed daily using the sequential organ failure as-
sessment (SOFA) score for 7 days. Noradrenalin was used as vasopres-
sor, and the required vasopressor dosages were registered at hours 0 (be-
fore transfusion) and 1, 3, 6, 12, 24, and 48 (after transfusion). All pa-
tients received a PiCCO catheter (Pulsion Medical Systems AG, Munich, 
Germany) for hemodynamic monitoring [20] and a central venous cath-
eter. Hemodynamic parameters including cardiac index and extravascu-
lar lung water index were registered at hours 0, 1, 3, 6, 12, 24, and 48. 
Basic laboratory parameters including arterial blood gas analysis, base 
excess, and lactate concentrations were registered at hours 0, 1, 3, 6, 12, 
24, and 48. Serum concentrations of C-reactive protein (CRP) and pro-
calcitonin (PCT) were determined 24 and 48 h after transfusion using 
Modular E (Roche, Mannheim, Germany) and Kryptor (Thermo, Berlin, 
Germany) automated laboratory analyzers, respectively. Cytokines in-
cluding TNF- , IL-1  and IL-6, as well as markers of endothelial activa-
tion (soluble vascular cell adhesion molecule-1 (sVCAM-1) and soluble 
intercellular cell adhesion molecule-1 (sICAM-1)), were monitored be-
fore and 6 and 12 h after transfusion using ELISA kits (R and D Sys-
tems, Wiesbaden, Germany).

Statistical Analysis
Data are presented as mean ± standard deviation (SD) or median and 1st 
and 3rd quartiles, as appropriate. Group comparison and trend assess-
ment were performed using the Mann-Whitney-U test and Neumann test, 
respectively. Significance was assumed where p was < 0.05. 

Results

Baseline Characteristics
A total of 12 male and 6 female patients aged 22–79 years ful-
filled the inclusion criteria. The median length of the stay in 
the intensive care units was 23 days, and the overall mortality 
was 61.1%. The time from onset of sepsis to transfusion was 
< 24 h in all patients. No transfusion-related adverse reactions 
were observed during the study. The general characteristic of 
the analyzed patients are shown in table 1. Patients in the first 
group received red blood cells stored ≤ 7 days (mean 4.9 
days); in the second group, the transfused erythrocyte units 
were stored for 8–23 days (mean 13.6 days).

Introduction

Septic shock, systemic inflammatory response syndrome 
(SIRS), and multi-organ dysfunction syndrome (MODS) are 
characterized by disturbances in microcirculation and tissue 
oxygen utilization [1]. Therefore, optimizing the oxygen trans-
port capacity in patients with septic shock remains an essen-
tial part of therapy, and red cell transfusion to maintain an 
adequate hemoglobin (Hb) level or central venous oxygen 
saturation is recommended by international guidelines [2, 3]. 
Some studies, however, challenge the red blood cell transfu-
sion in sepsis in principle, because the oxygen utilization itself 
does not increase after transfusion [4, 5] and because micro-
circulation in sepsis does not generally improve after red 
blood cell administration [6]. Hence, the correct approach re-
garding the transfusion strategy in patients with sepsis re-
mains controversial [7]. It has been hypothesized that erythro-
cyte function diminishes with prolonged storage time of 
packed red blood cells and that red cells undergo biochemical 
changes during storage characterized by an impeded capacity 
to transport oxygen [8, 9]. This effect, termed ‘storage lesion’, 
has been noted in several studies. For instance, Marik and 
Sibbald [5] observed an increase in splanchnic ischemia after 
transfusion of red blood cells stored for more than 15 days in 
septic patients, and attributed this effect to microcirculatory 
occlusion due to reduced deformability and altered adhesion 
properties of older erythrocytes. In addition, a correlation be-
tween mortality and storage time of transfused red blood cells 
was retrospectively reported by Purdy et al. [10]. These results 
are in agreement with other studies that demonstrated an as-
sociation of red cell storage time with mortality and/or other 
adverse outcomes in postsurgical and trauma patients [11–15]. 
However, other studies found no significant differences in 
mortality and/or other outcomes in subjects treated with fresh 
or stored red blood cells [16–19]. The objective of the present 
work was to further assess potential benefits of fresh red 
blood cell transfusion, specifically in patients with septic 
shock. We conducted a prospective, observational, blinded 
study, and for the first time compared hemodynamic parame-
ters as well as markers of inflammatory response and en-
dothelial activation in addition to clinical parameters in septic 
patients receiving fresh or stored red blood cells.

Material and Methods

Study Subjects
This study was conducted according to the Declaration of Helsinki and 
was approved by the local ethical committee. Informed consent was ob-
tained from direct relatives of all subjects recruited. The examined cohort 
comprised patients between 22 and 79 years of age with acute septic 
shock (symptoms lasting for less than 24 h), Hb < 9 g/dl and hypotension 
(blood pressure < 90 mm Hg). Only patients that had been mechanically 
ventilated due to sepsis for less than 24 h before blood transfusion were 
considered in the study. In addition, patients had to meet at least 2 crite-
ria of SIRS: temperature > 38 or < 36 °C, heart rate > 90/min, respiratory 
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Physiological and Laboratory Variables
Table 2 demonstrates changes in the hemodynamic and labo-
ratory parameters measured in the groups receiving fresh and 
stored erythrocytes in the course of the study. There were no 
relevant differences at the time of randomization for any of 
the measured parameters. Red cell transfusion led to similar 
Hb changes in both examined groups. 

Most patients presented with lactacidemia at study start, 
and lactate clearance during therapy did not differ signifi-
cantly in both groups. Median base excess values normalized, 
and the need for vasopressors receded, in both groups in the 
course of the study. However, neither the base excess nor the 
serum lactate levels were significantly different in the groups 
receiving fresh or stored red blood cells. No differences be-
tween both groups were observed with regard to vasopressor 
doses. 

Hemodynamic parameters examined by transpulmonary 
thermodilution included cardiac index and extravascular 
lung water index. None of these parameters was signi-
ficantly different in patients obtaining fresh versus stored 
erythrocytes. Finally, the age of red blood cells trans- 
fused in septic shock failed to affect laboratory variables 
reflecting systemic inflammation such as CRP, PCT, and 
pro-inflammatory cytokines (IL-1, IL-6, TNF- ), although 
there was considerable intra-individual variation, with 
 improvement in some patients and deterioration in others. 

Clinical Course
The design and size of the study did not allow analyzing dif-
ferences in overall survival. The SOFA score reflecting the 
extent of organ failure was assessed in all patients before 
transfusion and followed-up for 7 days thereafter. The com-
parison of means between the groups receiving fresh or stored 
red blood cells revealed no significant differences. However, 
there was a significant trend towards SOFA score improve-
ment in the group transfused with fresh erythrocytes (fig. 1), 
while no such tendency was observed in patients receiving 
stored erythrocytes. 

Patients Sex Age, years Admission diagnosisa SOFA score  
on admission

Survival

Fresh red cell transfusion (≤7 days)
 1 M 79 AML 16 N
 2 M 63 aplastic anemia 18 N
 3 F 22 toxic shock syndrome 17 Y
 4 M 73 ARDS/pneumonia 15 Y
 5 M 59 pneumonia 16 Y
 6 M 32 CML 14 Y
 7 M 72 multiple myeloma 15 N
 8 M 53 myocardial infarction 14 Y
Mean ± SD 56.6 ± 20.2 15.6 ± 1.4

Stored red cell transfusion (>7 days)
 1 F 49 phlegmasia cerulea dolens 12 N
 2 F 79 pneumonia 10 Y
 3 M 56 Crohn’s disease 17 Y
 4 M 53 endocarditis 14 N
 5 M 27 AML 16 N
 6 F 37 agranulocytosis 17 N
 7 M 35 AML 20 N
 8 M 68 pneumonia 14 N
 9 F 44 AML 16 N
10 F 59 pancreatitis 15 N
Mean ± SD 50.7 ± 15.8 15.1 ± 2.8

aAll patients were in acute septic shock.
M = Male; F = female; AML = acute myelogenous leukemia; ARDS = acute respiratory distress syndrome;  
CML = chronic myelogenous leukemia; N = no; Y = yes.

Table 1. Character-
istics of the study 
 patients

Fig. 1. Changes in 
SOFA score during 
the study period in 
septic patients receiv-
ing fresh (closed sym-
bols) or stored (open 
symbols) erythrocytes. 
No significant differ-
ences were noted 
 between the groups.  
A significant trend 
 towards SOFA score 
improvement was ob-
served in the group receiving fresh erythrocytes (p < 0.01, Neumann test).
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Apart from impaired tissue oxygen delivery, enhanced in-
flammatory response and/or endothelial dysfunction might 
additionally contribute to the increased mortality in septic 
 patients receiving stored erythrocytes [21]. Transfusion of 
packed red blood cells has been noted to provoke systemic 
inflammatory response attributable to the accumulation of cy-
tokines in the supernatant of stored erythrocytes [22–24]. 
Moreover, administration of stored erythrocytes was shown to 
exacerbate the inflammatory response produced by subclini-
cal endotoxemia in a murine model of transfusion [25]. In the 
present study, we monitored both inflammation and endo-
thelial activation in septic patients receiving fresh or stored 
erythrocytes, but failed to detect any differences between 
both groups. Hence, our results argue against the notion that 
either inflammatory response or endothelial activation con-
tribute to the less favorable clinical course in patients receiv-
ing stored red blood cells. 

Several limitations of the present study have to be ac-
knowledged. First, due to the low number of anemic patients 
with septic shock and need for ventilatory support transferred 
to our intensive care unit, and due to the high mortality in this 
group, only a small number of individuals matching the inclu-
sion criteria could be included in the study, which limits its 
power and precludes statistical analysis of confounding fac-
tors. Second, as only the effects of single transfusions were 
 examined in this study, the potentially deleterious effects of a 
more frequent administration of stored red blood cells may 
have been overlooked. Third, large intra-individual variability 
of parameters reflecting systemic inflammation and endothe-
lial activation might have masked more subtle differences be-
tween groups receiving stored or fresh erythrocytes. Because 
of these limitations, the present findings do not provide une-
quivocal evidence supporting beneficial effects of fresh red 
blood cell transfusion in patients with septic shock. Neverthe-
less, they warrant further larger randomized studies with pri-
mary and secondary endpoints to confirm or refute these po-
tential effects.
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In addition, serum levels of sICAM-1 and sVCAM-1  
that reflect the degree of endothelial activation were 
 similar in the groups treated with fresh or stored red blood 
cells.

Discussion

The primary objective of the present work was to track the 
clinical course in patients with septic shock after fresh versus 
stored red blood cell transfusions. We failed to observe sig-
nificant differences with respect to SOFA scores between pa-
tients transfused with fresh or stored erythrocytes. However, 
a significant trend towards an improvement in the SOFA 
score was found in the group receiving fresh red blood cells. 
To our knowledge, this is the first prospective study address-
ing the effects of the age of transfused erythrocytes on clinical 
outcome in the context of septic shock. However, the in-
creased median age of packed red blood cells administered to 
non-survivors during sepsis in comparison to survivors was 
previously noted in an equally small retrospective study [10]. 
In addition, the transfusion of stored erythrocytes was found 
to increase mortality or risk of multi-organ failure in post-
traumatic or postsurgical patients [12–16]. Hence, our results 
are consistent with the concept that prolonged storage dura-
tion may exert an adverse effect on red blood cell quality. 
However, the small sample size in the present study does not 
allow conclusions with regard to potential effects on overall 
mortality. 

The potential mechanisms underlying a more favorable 
clinical course in patients transfused with fresh erythrocytes 
remain obscure. Altered microcirculatory blood flow lead-
ing to impaired oxygen delivery and/or utilization is thought 
to participate in the development of organ dysfunction in 
sepsis. However, no increase in direct oxygen consumption 
or improvements in global indices of tissue oxygenation 
such as pH, base excess, or plasma lactate concentrations 
could be previously observed in septic or critically ill pa-
tients [4, 5]. In concordance with these results, the present 
study failed to reveal any differences in base excess and 
plasma lactate levels between septic patients treated with 
fresh or stored erythrocytes. It seems, therefore, that the 
transfusion of ex vivo-stored erythrocytes does not neces-
sarily lead to a deterioration of tissue oxygen utilization. 
This may reflect the fact that disturbances in oxygen utiliza-
tion in septic shock are primarily located in the mitochon-
dria [1], and, consequently, the effects of red blood cell 
transfusion are limited.
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