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Abstract

Sepsis is the systemic inflammatory response to
infection and can result in multiple organ dysfunction
syndrome with associated high mortality, morbidity
and health costs. Erythropoietin is a well-established
treatment for the anaemia of renal failure due to

its anti-apoptotic effects on red blood cells and

their precursors. The extra-haemopoietic actions of
erythropoietin include vasopressor, anti-apoptotic,
cytoprotective and immunomodulating actions, all

of which could prove beneficial in sepsis. Attenuation
of organ dysfunction has been shown in several
animal models and its vasopressor effects have been
well characterised in laboratory and clinical settings.
Clinical trials of erythropoietin in single organ disorders
have suggested promising cytoprotective effects,

and while no randomised trials have been performed
in patients with sepsis, good quality data exist from
studies on anaemia in critically ill patients, giving useful
information of its pharmacokinetics and potential for
harm. An observational cohort study examining the
microvascular effects of erythropoietin is underway
and the evidence would support further phase Il and Il
clinical trials examining this molecule as an adjunctive
treatment in sepsis.

Introduction

Sepsis is the systemic inflammatory response to infection.
The clinical syndrome can range from mild constitutional
upset to overt septic shock with the failure of multiple
organ systems, reflecting the complex pathogenesis of
sepsis  involving immunological and coagulation
pathways [1,2]. The burden from sepsis remains high
with worldwide incidence ranging from 0.5 to 1.5 per
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1,000 population, a mortality rate at 1 month of 30% from
recent randomised trials, and costs of between $11,500
and $22,000 per hospital episode [3,4]. The modulation of
single inflammatory pathways (for example, TNFa [5])
and generalised immune suppression with steroids [6,7]
has proved unsuccessful in the past, reflecting the
complex pathogenesis of sepsis and leading to a re-
evaluation of the mechanisms that may underlie it.
Several laboratory and observational studies have shown
that accelerated apoptosis occurs in sepsis and may
explain both the organ failure that is a feature of it and
secondary infections that can intervene [8-10].

The haematopoietic growth factor erythropoietin
(EPO) reduces apoptotic cell death and attenuates
inflammation, with cytoprotective effects in both animal
and human models of ischaemic injury. EPO also has
putative vasopressor actions. A complete summary of the
extra-haemopoietic effects of EPO in specific organs is
beyond the scope of the present discussion so readers are
referred to reviews [11-13]. The present communication
seeks to explain the role of apoptosis in sepsis and to
summarise the available data on EPO and its extra-
haemopoietic effects in sepsis and critical illness.

Cell death in sepsis

Apoptosis is programmed cell death, distinct from
necrosis, limiting damage around the penumbra of an
injury. This process is important in the homeostasis of
the inflammatory response, and delayed neutrophil
apoptosis has been implicated in mediating tissue
damage in acute respiratory distress syndrome and sys-
temic inflammatory response syndrome [14-16]. That
said, accelerated apoptosis has been clearly identified in
postmortem studies of septic patients in lymphoreticular
tissues and in gut columnar epithelium, conspicuously
absent in nonseptic controls [17].

A postulate is that death from sepsis occurs due to
overwhelming infection in the face of immuno-
suppression due to lymphocyte apoptosis [18]. Indeed,
outcome is worse in septic patients with lymphopaenia
[19] and in those with evidence of lymphocyte apoptosis
[20]. Apotosis of gut epithelium may also lead to bacterial
and endotoxin translocation due to a breach in the
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integrity of the bowel wall. Apoptotic cells per se may
have detrimental effects as transfusion of apoptotic
splenocytes into septic mice worsens outcome compared
with both controls and transfusion of necrotic spleno-
cytes [21].

Modulation of different parts of the apoptosis pathway
has been shown to alter outcome in animal models of
sepsis: inhibition of Fas/Fas ligand binding, a known
promoter of apoptosis, leads to attenuation of liver
damage in septic mice [22,23], and overexpression of the
anti-apototic B-cell lymphoma protein 2 (Bcl-2) in trans-
genic mice reduces lymphocyte apoptosis and improves
survival in response to sepsis [24]. Caspases are integral
in the downstream promotion of cellular apoptosis. The
use of caspase inhibitors has been shown to improve
survival and reduce lymphocyte apoptosis in one model
of sepsis [25] and to reduce apoptosis in acute lung and
kidney injury [26].

Both immune-mediated and coagulation pathways are
deranged in sepsis, the endothelium being pivotal to
these processes [1]. Studies in which endothelial cell lines
were infected with bacteria such as Escherichia coli and
Staphylococcus aureus have shown consistent evidence of
endothelial cell apoptosis [27-31], but in vivo work has
failed to show consistent results [32,33] with the easy
detachment of cells into the media, making detection
difficult.

Although recent data have questioned the balance
between apoptosis and necrosis in the outcome from
sepsis [34], on balance the data would suggest that
attenuation of apoptosis is a fruitful line of investigation
to pursue.

Erythropoietin

EPO is a 30.4 kDa glycoprotein hormone and member of
the type I cytokine family. Its main function is the
regulation of red blood cells through a specific cell
surface receptor (EpoR). Stimulation of EpoR reduces
apoptosis of red cells via the Janus tyrosine kinase 2
(Jak-2) pathway, increasing their lifespan [35]. After
successful clinical trials of EPO in the treatment of
anaemia of end-stage renal failure [36,37], its use has
been extended to the treatment of anaemia in malig-
nancy, human immunodeficiency virus infection,
prematurity and myelodysplasia [13].

The principle site of secretion is the peritubular inter-
stitial fibroblasts of the renal cortex in response to
stabilisation and DNA binding of hypoxia-inducible
factors [38]. Several inflammatory cytokines increase
expression of EpoR and EPO, including insulin-like
growth factor, IL-1pB, IL-6 and TNFq, suggesting a role in
inflammation [39-41]. Embryologically, EPO-EpoR has a
signalling role in angiogenesis and brain development,
and EpoR is widely expressed in the brain, retina, heart,
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kidney, smooth muscle cells, myoblasts and vascular
endothelium, suggesting pluripotent effects in normal
health and development [13].

Anti-apoptotic effects of erythropoietin

After evidence of a beneficial effect of systemic EPO
administration on the course of ischaemic brain injury in
mice [42], several animal models of ischaemia/reper-
fusion have confirmed the cellular, anti-apoptotic effects
of EPO in neuronal, renal, endothelial and cardiovascular
damage [43,44]. In these models, EPO prevents apoptosis
via a number of pathways, dependent on receptor
activation by the Jak-2 pathway (see Figure 1). Protein
kinase B, an important downstream substance in the
Jak-2 pathway, regulates multiple pro-apoptotic and anti-
apoptotic intermediates, including glycogen synthase
kinase-3p (GSK-3pB), Bcl-2-related death promoter, and
the pro-apoptotic forkhead box transcription factor O3a,
rendering it unable to activate transcription and nuclear
genes involved in apoptosis. EPO increases the expres-
sion of several intrinsic inhibitors of apoptosis, including
Bcl-2, X-linked inhibitor of apoptosis protein and proto-
oncogene serine/threonine-protein kinase 3. In neuronal
cells, stabilisation of the transcription factor NF-«B is
essential for the anti-apoptotic effects of EPO, although
this not been seen in other cell types.

A carbamylated form of EPO (CEPO), which has low
affinity for the classical EpoR and does not cause
erythropoiesis, has shown significant anti-apoptotic
effects in culture and organ protection in a variety of
animal models [45,46]. It is postulated that CEPO signals
through a heteroreceptor involving the EpoR and two
common [ chains of the IL-3 receptor (CD133) [11].
There are clear advantages to an agent that harnesses the
beneficial properties of EPO without significant erythro-
poiesis, and also does not cause platelet and endothelial
activation and hence is associated with a less thrombo-
genic profile [47]. Pyroglutamate-helix B surface peptide
(ARA 290, Araim Pharmaceuticals, Ossining, NY, USA)
is an erythropoietin analogue modelled on a portion of
its 3D structure and although only 11 amino acids long
seems to show good neuroprotective and tissue protec-
tive effects without eliciting significant haemopoietic or
endothelial effects thought to underlie the prothrombotic
tendency of EPO [48]. While these molecules are attrac-
tive alternatives to EPO with the potential for less side
effects these endothelial and pressor effects may actually
be beneficial in sepsis syndromes.

Vascular effect of erythropoietin

Septic shock is associated with peripheral vasoplegia
[49], requiring catecholamines such as norepinephrine to
maintain blood pressure and organ perfusion [50]. The
large doses required may cause unwanted side effects,
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Figure 1. Anti-apoptotic pathways regulated by erythropoietin. The binding of erythropoietin (EPO) to its dimerised cell surface receptor

causes conformational change, leading to activation and autophosphorylation of Janus-tyrosine kinase-2 (Jak2). Jak2 phosphorylates nine tyrosine
residues in the intracellular portion of the receptor, which allows interaction with signal transducers and activators of transcription protein (STATSs)
signalling molecules, and activates phosphoinostitol-3 kinase (PI3K) and hence protein kinase B (AKT). AKT regulates multiple pro-apoptotic and
anti-apoptotic intermediates, including glycogen storage kinase-33 (GSK-3B), B-cell lymphoma protein 2 (Bcl-2)-related death promoter (Bad) and
the pro-apoptotic forkhead box transcription factor O3a (FOXO3a), rendering it unable to activate transcription of apoptotic signalling genes. STATs
cause transcription of the anti-apoptotic molecules Bcl-2 and proto-oncogene serine/threonine-protein kinase 3 (PIM-3). EPO also activates NF-kB,

apoptosis protein.

possibly in a cell-type-specific manner, which alters transcription of pro-apoptotic and anti-apoptotic proteins including inhibitor of apoptosis
proteins. ASK-1, apoptosis signal-regulating kinase 1; Bcl-x , B-cell lymphoma extra large; clAP, baculoviral inhibitor of apoptosis protein repeat-
containing protein; eNOS, endogenous nitric oxide synthase; EpoR, erythropoietin receptor; HSP70, heat shock protein 70; XIAP, X-linked inhibitor of

including reduced cardiac output, mesenteric ischaemia
and digital gangrene [51]. Vasopressin offset the dose of
norepinephrine required to maintain adequate mean
arterial pressure (MAP) in a large randomised study [52];
however the side effect profile was similar to norepi-
nephrine suggesting a role for other pressor agents.
Twenty-five to 30% of patients with renal failure treated
with EPO develop worsening hypertension [53]. Postu-
lated mechanisms include alteration in blood viscosity,
enhanced vascular reactivity and improved vasocon-
striction following correction of anaemia [54]. There is
accumulating evidence, however, of direct vasopressor
effects of EPO, through interaction with EpoR expressed
on vascular smooth muscle cells [13]. EPO causes an

increase in the cytosolic-free calcium in vascular smooth
muscle cells, and augments the effects of angiotensin II
[55,56] in addition to upregulating angiotensin II
receptor expression [57]. Synergistic effects on cellular
calcium levels are seen with endothelin-1 and nor-
adrenaline [56,58].

Activation of inducible nitric oxide synthase leading to
increased nitric oxide plays an important role in the
pathogenesis of vasodilatory shock [49]. EPO attenuates
the effects of interleukin-1fB on nitric oxide synthase via
direct stimulation of EpoR, providing an alternative
pressor effect [59,60]. In addition, EPO increases stability
of endogenous nitric oxide synthase via protein kinase B-
dependent phosphorylation, and induces increased
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mRNA expression. In vivo, these changes generate vessel
wall tension as shown in isolated rat mesenteric and renal
resistance arteries [61]. This appears independent of o-
adrenergic stimulation, offering a different pathway for
vasoplegia correction. In haemorrhagic shock, the
selective a-adrenergic agonist phenylephrine has attenu-
ated effects in intact aortic rings. Pretreatment with EPO
reverses this effect with significant increases in the MAP
and length of survival of rats [62].

No randomised study has examined the vasopressor
effects of EPO in humans; however, in patients with renal
failure and on haemodialysis there is a consistent increase
in the MAP in response to a single dose of EPO, mediated
in part by an increase in the serum endothelin-1 level
[63]. In addition, EPO led to a marked increase in the
vasoconstricting effects of noradrenaline determined by
forearm blood flow in chronic renal-failure patients [64].
In a case series of two patients with vasodilatory shock,
administration of 10,000 IU EPO every 4 hours for 24
hours resulted in a brisk and sustained increase in MAP
and a rise in the peripheral vascular resistance [65]. EPO
has vasoconstrictor effects that could be useful in
improving MAP and blood flow to the tissues in severe
sepsis and septic shock where vasopressors are required.

Anti-inflammatory and cytoprotective effects of
erythropoietin

There are consistent data from the literature confirming
anti-inflammatory and cytoprotective effects of EPO in
many different animal models of sepsis and inflammation.
Both pre and post insult, the administration of EPO
attenuates tissue injury. In a rat model of necrotising
pancreatitis, EPO led to a reduction in all features of
sepsis-induced acute lung injury, including circulating
proinflammatory cytokines, polymorphonuclear cell
accumulation and lipid peroxidation, with better mainte-
nance of microvascular cellular integrity [66]. Similar
attenuation of inflammation has been shown in response
to zymosan (a Toll-like receptor-2 agonist) in mice with
reduced local and systemic signs of inflammation and
organ dysfunction and lowered levels of TNF and IL-1f
compared with control animals [67]. In a rat model of
sepsis induced by intraperitoneal lipopolysaccharide, the
Toll-like receptor-4 ligand, the effects on lymphocyte and
thymic apoptosis as well as serum nitric oxide production
were reduced in the group of animals pretreated with
EPO [68].

In murine models of sepsis due to caecal ligation and
puncture, administration of EPO post insult is associated
with a fourfold improvement in the glomerular filtration
rate mediated by protective effects on superoxide
dismutase [69]. In addition, improvements in perfused
capillary density and tissue hypoxia measured by intra-
vital microscopy and changes in nicotinamide adenine
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dinucleotide phosphate fluorescence have been demon-
strated, suggesting improved microvascular integrity [70].
Aoshiba and colleagues examined the effects of large
doses of EPO in attenuating both increasing lethal doses
of lipopolysaccharide and caecal ligation and puncture.
There was improved survival in EPO-treated mice, with
less apoptosis in the lungs, liver, small intestine, thymus
and spleen along with reduced inducible nitric oxide
synthase expression [71].

Data from clinical studies on patients with myeloma
[72] and patients on haemodialysis [73] have shown that
EPO has direct effects on immunity. In a murine model
of myeloma, EPO promotes the development of an anti-
tumour specific immune response via activated CD8*
T cells [74]. Little is known on the expression and
signalling of the EpoR in immune cells, however, as the
classical EpoR was not detected on human lymphocytes
by proofreading PCR [75] and these observed effects may
be mediated by other cells. This is supported by the
expression and role of the EpoR on macrophages during
wound repair [76].

While positive results in animal models do not always
correlate with clinical outcomes, it appears that EPO has
significant cytoprotective effects mediated by anti-apop-
totic and immune mechanisms that could be beneficial in
sepsis syndromes. These effects remain to be confirmed
in clinical practice.

Clinical studies of erythropoietin

In septic patients, EPO concentrations are elevated above
control levels [77-79] but response to anaemia is blunted
[80,81], with lower levels than in otherwise well, anaemic
patients. In clinical studies, concentrations of 300 to
500 IU/kg have been used, with peak serum levels
reaching over 5,500 U/l in one trial and 200 times greater
than control in another [82,83]. Once-weekly dosing with
40,000 IU EPO in intensive care patients gave mean
serum levels upward of 800 IU/I in the blood, similar to
levels found in healthy controls [84,85]. This compares
with peak levels of 150 IU/I in septic shock patients [79].

Many patients with severe sepsis require treatment in
critical care units. There are high-quality data on the
effects of EPO on transfusion requirements in critical
illness. Anaemia in critically ill patients evolves over time
such that transfusion is required in 35% of patients
requiring intensive care for >5 days [86].

The largest randomised study of EPO in critically ill
patients had significant numbers of septic patients
(188/1,460 patients) [87,88]. Recruitment was 48 hours
after intensive care unit admission with EPO being
commenced between days 3 and 5. There was no a priori
analysis of mortality in septic patients or on total pressor
requirements. EPO was associated with a lower mortality
at day 29 (8.5% vs. 11.4%), and an analysis of the 793
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Table 1. Summary of trials of erythropoietin in acutely critically ill patients

Year Reference N eoral N, s Enrolment Dose Duration
1995 Still and colleagues [96] 40 0 >3 days 150 1U/kg three times/week 30 days

1998 Gabriel and colleagues [93] 21 ns ICU admission 600 1U/kg three times/week Maximum 3 weeks
1999 Corwin and colleagues [92] 80 6 Day 3 300 1U/kg daily for 5 days Maximum 6 weeks
2000 van Iperen and colleagues [97] 36 23 Hb <11.2 g/dl 300 IU/kg alternate days for 5 days 5 doses

2002 Corwin and colleagues [87] 1,352 105 Day 3 40,000 IU/week Maximum 3 weeks
2005 Georgopoulos and colleagues [94] 148 ns Hb <12.0 g/dl 40,000 IU/week Maximum 3 weeks
2006 Vincent and colleagues [84] 68 14 HCT <0.38 40,000 IU/week Maximum 4 weeks
2006 Silver and colleagues [95] 86 25 <7 days 40,000 IU/week Maximum 12 weeks
2007 Corwin and colleagues [88] 1,460 188 Day 3/4 40,000 U/week Maximum 3 weeks

Number of patients with sepsis is shown and the timing of erythropoietin use. Hb, haemoglobin; HCT, haematocrit; ICU, intensive care unit; ns, not specified.

trauma patients in this study did show a marked reduc-
tion in mortality (relative risk, 0.4; 95% confidence
interval, 0.23 to 0.69). It is interesting to speculate why
this might be. Animal models of traumatic and compres-
sive peripheral and central nerve injury and models of
wound healing show consistent cytoprotective effects,
with EPO correlating with reduced apoptosis, improved
wound healing and reduced inflammation [11,89]. In
addition, rat models of haemorrhagic shock show
improvements in haemodynamic stability and markers of
organ dysfunction [62,90]. These effects may underlie the
improved outcome; however, clinically relevant throm-
botic events were commoner in EPO-treated patients,
with a hazard ratio of 1.41 (95% confidence interval, 1.06
to 1.86) occurring in 120/728 patients in the EPO-treated
group versus 83/720 in the control group. This prothrom-
botic tendency has been recognised in other conditions
(see below) and raises concerns about target haemoglobin
concentrations and dosing.

A meta-analysis identified nine trials of EPO in acutely
unwell patients [91], a significant minority of whom had
sepsis [84,87,88,92-97]. Recruitment into these studies
occurred when either a transfusion trigger was met or
after a given time in intensive care (see Table 1). No
mortality benefit (odds ratio, 0.81; 95% confidence interval,
0.65 to 1.01) was observed among the studies of high
methodological quality. Importantly, EPO doses >40,000
units weekly were associated with a trend towards more
harm. Transfusion independence showed an odds ratio of
0.73 (95% confidence interval, 0.64 to 0.84) in favour of
EPO, with a reduction of 0.41 units of blood transfused.
Interpretation of these data in light of this discussion is
problematic as anticipated nonhaemopoeitic benefits of
EPO are likely to accrue from administration in the early
stages of sepsis. Nonetheless, data from these studies
inform on potential harm, dosing and pharmacokinetics.
In addition, changes in transfusion practice in 1999
accepting a lower threshold for transfusion make studies
before and after this date difficult to reconcile [98].

Clinical data supporting a cytoprotective effect have
been shown in cerebrovascular accidents, with those
patients administered EPO 8 hours after the onset of
their stroke having better clinical and radiological out-
comes [82]. Following animal evidence of antiapoptotic
effects in cerebral malaria [99,100], EPO is currently
being investigated as an adjunctive treatment in a phase
IIT trial of cerebral malaria in children in Mali
[ClinicalTrials.gov identifier NCT00697164].

Potential side effects of erythropoietin

Speculation on the benefit of a novel treatment has to be
weighed against potential harm. Data from renal patients
suggest that aiming for haemoglobin concentrations
>12 g/dl worsens the risk of thrombotic events [101,102].
An increase in clinically relevant thrombotic events has
been shown in critically ill patients, with a 1.5 times
increase (7.8% vs. 5.3%) in deep vein thrombosis and a 2.5
times increase in myocardial infarction (2.1% vs. 0.8%)
[91]. This occurred in the presence of haemoglobin con-
centrations <10 g/dl, suggesting that the prothrombotic
effects are not wholly dependent on blood viscosity but
reflect platelet and endothelial cell changes [13]. As
microvascular thrombosis is felt to contribute to organ
failure and coagulopathy in sepsis [1,2], EPO could
exacerbate this problem. The use of non-erythropoietic
derivatives such as CEPO may avoid many of the adverse
effects observed with EPO.

EPO has been associated with worsening of hyper-
tension and hypertensive encephalopathy [13] but these
are less common with treatment nowadays. As sepsis is
associated with vasodilatory shock, vasopressor effects
could be seen as a positive side effect (see above).

The use of EPO has been shown to worsen outcome in
certain cancers due to increased thromboembolic risk
and possibly EPO-induced tumour progression [103].
This observation raises concerns over EPO use in patients
with malignancies who develop sepsis. If used earlier in
the course of sepsis, EPO may uncover other unwanted
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side effects. Serious problems such as pure red cell
aplasia due to EPO antibodies are fortunately rare [13]
but clinicians using this drug in a new way should
monitor closely for adverse side effects.

Conclusion

Attempts at immune modulation in sepsis have proved
disappointing for many years, leading to a reappraisal of
the mechanisms underlying sepsis in the search for novel
therapies. Apoptosis is pivotal in the relative immuno-
suppression that can lead to secondary infection and
superinfection in sepsis. EPO has known anti-apoptotic
effects that have shown, in both animal and clinical
models of disease, to translate into clear cytoprotective
effects. Coupled with this observation, EPO appears to
have in vitro and in vivo effects on vasomotor function,
augmenting the effects of other mediators such as
catecholamines and endothelins. Reliable clinical data in
critically ill patients have led to useful information on the
pharmacokinetics [84,85] and the potential for harm
[87,88,91].

An observational, prospective cohort study is currently
underway to examine the effects of EPO on microvascular
inflammatory response in severe sepsis [Clinical trials.
gov identifier NCT01087450]. We argue that the weight
of evidence has reached a point where further phase II
and III clinical trials on EPO would seem the obvious
next step. We believe most benefit would accrue from the
administration of EPO within 24 hours of the onset of
sepsis and organ dysfunction. Optimal absorption would
be via the intravenous route and dosing could be guided
from clinical studies where ranges between 150 and
600 IU/kg have been used previously. We would suggest
doses of 400 IU/kg given on consecutive days for 3 days
with close monitoring for thromboembolic side effects
[82,92,93,97].

Abbreviations

Bcl-2, B-cell lymphoma protein 2; CEPO, carbamylated erythropoietin; EPO,
erythropoietin; EpoR, erythropoietin receptor; IL, interleukin; Jak-2, Janus
tyrosine kinase 2; MAP, mean arterial pressure; NF, nuclear factor; PCR,
polymerase chain reaction; TNF, tumour necrosis factor.

Competing interests
The authors declare that they have no competing interests.

Author details

'Adult Intensive Care Unit, John Radcliffe Hospital, Headley Way, Headington,
Oxford OX3 9DU, UK. “Renal Unit, Churchill Hospital, Old Road, Headington,
Oxford OX3 7LJ, UK.

Published: 6 August 2010

References

1. Hotchkiss RS, Karl IE: The pathophysiology and treatment of sepsis. N Engl J
Med 2003, 348:138-150.

2. Russell JA: Management of sepsis. N Engl J Med 2006, 355:1699-1713.

3. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR:
Epidemiology of severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med 2001, 29:1303-1310.

18.

19.

20.

21

22.

23.

24,

25.

26.

Page 6 of 8

Letarte J, Longo CJ, Pelletier J, Nabonne B, Fisher HN: Patient characteristics
and costs of severe sepsis and septic shock in Quebec. J Crit Care 2002,
17:39-49.

Reinhart K, Karzai W: Anti-tumor necrosis factor therapy in sepsis: update
on clinical trials and lessons learned. Crit Care Med 2001, 29(7
Suppl):S121-5125.

Lefering R, Neugebauer EA: Steroid controversy in sepsis and septic shock:
a meta-analysis. Crit Care Med 1995, 23:1294-1303.

Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K, Weiss YG,
Benbenishty J, Kalenka A, Forst H, Laterre PF, Reinhart K, Cuthbertson BH,
Payen D, Briegel J: Hydrocortisone therapy for patients with septic shock.
N Engl J Med 2008, 358:111-124.

Hotchkiss RS, Tinsley KW, Swanson PE, Schmieg RE, Jr, Hui JJ, Chang KC,
Osborne DF, Freeman BD, Cobb JP, Buchman TG, Karl IE: Sepsis-induced
apoptosis causes progressive profound depletion of Band CD4*T
lymphocytes in humans. J Immunol 2001, 166:6952-6963.

Meakins JL, Pietsch JB, Bubenick O, Kelly R, Rode H, Gordon J, MacLean LD:
Delayed hypersensitivity: indicator of acquired failure of host defenses in
sepsis and trauma. Ann Surg 1977, 186:241-250.

Oberholzer A, Oberholzer C, Moldawer LL: Sepsis syndromes:
understanding the role of innate and acquired immunity. Shock 2001,
16:83-96.

Brines M, Cerami A: Emerging biological roles for erythropoietin in the
nervous system. Nat Rev Neurosci 2005, 6:484-494.

Ghezzi P, Mengozzi M: Activities of erythropoietin on tumors: an
immunological perspective. Fur JImmunol 2007, 37:1427-1430.

Arcasoy MO: The non-haematopoietic biological effects of erythropoietin.
Br J Haematol 2008, 141:14-31.

Savill J: Apoptosis in resolution of inflammation. J Leukoc Biol 1997,
61:375-380.

Matute-Bello G, Liles WC, Radella F, 2nd, Steinberg KP, Ruzinski JT, Jonas M,
Chi EY, Hudson LD, Martin TR: Neutrophil apoptosis in the acute respiratory
distress syndrome. Am J Respir Crit Care Med 1997, 156:1969-1977.

Jimenez MF, Watson RW, Parodo J, Evans D, Foster D, Steinberg M, Rotstein
OD, Marshall JC: Dysregulated expression of neutrophil apoptosis in the
systemic inflammatory response syndrome. Arch Surg 1997, 132:1263-1269;
discussion 1269-1270.

Hotchkiss RS, Swanson PE, Freeman BD, Tinsley KW, Cobb JP, Matuschak GM,
Buchman TG, Karl IE: Apoptotic cell death in patients with sepsis, shock,
and multiple organ dysfunction. Crit Care Med 1999, 27:1230-1251.

Remick DG: Pathophysiology of sepsis. Am J Pathol 2007, 170:1435-1444.
Cheadle WG, Pemberton RM, Robinson D, Livingston DH, Rodriguez JL, Polk
HC, Jr: Lymphocyte subset responses to trauma and sepsis. J Trauma 1993,
35:844-849.

LeTulzo Y, Pangault C, Gacouin A, Guilloux V, Tribut O, Amiot L, Tattevin P,
Thomas R, Fauchet R, Drenou B: Early circulating lymphocyte apoptosis in
human septic shock is associated with poor outcome. Shock 2002,
18:487-494.

Hotchkiss RS, Chang KC, Grayson MH, Tinsley KW, Dunne BS, Davis CG,
Osborne DF, Karl IE: Adoptive transfer of apoptotic splenocytes worsens
survival, whereas adoptive transfer of necrotic splenocytes improves
survival in sepsis. Proc Natl Acad Sci U S A 2003, 100:6724-6729.

Chung CS, Song GY, Lomas J, Simms HH, Chaudry IH, Ayala A: Inhibition of
Fas/Fas ligand signaling improves septic survival: differential effects on
macrophage apoptotic and functional capacity. J Leukoc Biol 2003,
74:344-351.

Chung CS, Yang S, Song GY, Lomas J, Wang P, Simms HH, Chaudry IH, Ayala A:
Inhibition of Fas signaling prevents hepatic injury and improves organ
blood flow during sepsis. Surgery 2001, 130:339-345.

Hotchkiss RS, Swanson PE, Knudson CM, Chang KC, Cobb JP, Osborne DF,
Zollner KM, Buchman TG, Korsmeyer SJ, Karl IE: Overexpression of Bcl-2 in
transgenic mice decreases apoptosis and improves survival in sepsis. J
Immunol 1999, 162:4148-4156.

Hotchkiss RS, Chang KC, Swanson PE, Tinsley KW, Hui JJ, Klender P,
Xanthoudakis S, Roy S, Black C, Grimm E, Aspiotis R, Han Y, Nicholson DW, Karl
|E: Caspase inhibitors improve survival in sepsis: a critical role of the
lymphocyte. Nat Immunol 2000, 1:496-501.

Kawasaki M, Kuwano K, Hagimoto N, Matsuba T, Kunitake R, Tanaka T,
Maeyama T, Hara N: Protection from lethal apoptosis in lipopolysaccharide-
induced acute lung injury in mice by a caspase inhibitor. Am J Pathol 2000,
157:597-603.



Walden et al. Critical Care 2010, 14:227
http://ccforum.com/content/14/4/227

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Frey EA, Finlay BB: Lipopolysaccharide induces apoptosis in a bovine
endothelial cell line via a soluble CD14 dependent pathway. Microb Pathog
1998, 24:101-109.

Sylte MJ, Corbeil LB, Inzana TJ, Czuprynski CJ: Haemophilus somnus induces
apoptosis in bovine endothelial cells in vitro. Infect Immun 2001,
69:1650-1660.

Hu X, Yee E, Harlan JM, Wong F, Karsan A: Lipopolysaccharide induces the
antiapoptotic molecules, A1 and A20, in microvascular endothelial cells.
Blood 1998, 92:2759-2765.

Menzies BE, Kourteva I: Internalization of Staphylococcus aureus by
endothelial cells induces apoptosis. Infect Immun 1998, 66:5994-5998.
Pohlman TH, Harlan JM: Human endothelial cell response to
lipopolysaccharide, interleukin-1, and tumor necrosis factor is regulated
by protein synthesis. Cell Immunol 1989, 119:41-52.

Hotchkiss RS, Tinsley KW, Swanson PE, Karl IE: Endothelial cell apoptosis in
sepsis. Crit Care Med 2002, 30(5 Suppl):S225-S228.

Haimovitz-Friedman A, Cordon-Cardo C, Bayoumy S, Garzotto M, McLoughlin
M, Gallily R, Edwards CK, 3rd, Schuchman EH, Fuks Z, Kolesnick R:
Lipopolysaccharide induces disseminated endothelial apoptosis requiring
ceramide generation. J Exp Med 1997, 186:1831-1841.

Hofer S, Brenner T, Bopp C, Steppan J, Lichtenstern C, Weitz J, Bruckner T,
Martin E, Hoffmann U, Weigand MA: Cell death serum biomarkers are early
predictors for survival in severe septic patients with hepatic dysfunction.
Crit Care 2009, 13:R93.

Fisher JW: Erythropoietin: physiology and pharmacology update. Exp Biol
Med (Maywood) 2003, 228:1-14.

Winearls CG, Oliver DO, Pippard MJ, Reid C, Downing MR, Cotes PM: Effect of
human erythropoietin derived from recombinant DNA on the anaemia of
patients maintained by chronic haemodialysis. Lancet 1986, 2:1175-1178.
Eschbach JW, Egrie JC, Downing MR, Browne JK, Adamson JW: Correction of
the anemia of end-stage renal disease with recombinant human
erythropoietin. Results of a combined phase | and Il clinical trial. N Engl J
Med 1987,316:73-78.

Hewitson KS, McNeill LA, Schofield CJ: Modulating the hypoxia-inducible
factor signaling pathway: applications from cardiovascular disease to
cancer. Curr Pharm Des 2004, 10:821-833.

Chong ZZ, Kang JQ, Maiese K: Hematopoietic factor erythropoietin fosters
neuroprotection through novel signal transduction cascades. J Cereb Blood
Flow Metab 2002, 22:503-514.

Chong ZZ, Kang JQ, Maiese K: Angiogenesis and plasticity: role of
erythropoietin in vascular systems. / Hematother Stem Cell Res 2002,
11:863-871.

Genc S, Koroglu TF, Genc K: Erythropoietin as a novel neuroprotectant.
Restor Neurol Neurosci 2004, 22:105-119.

Sakanaka M, Wen TC, Matsuda S, Masuda S, Morishita E, Nagao M, Sasaki R: In
vivo evidence that erythropoietin protects neurons from ischemic
damage. Proc Natl Acad Sci U S A 1998, 95:4635-4640.

Maiese K, Li F, Chong ZZ: New avenues of exploration for erythropoietin.
JAMA 2005, 293:90-95.

Sharples EJ, Yagoob MM: Erythropoietin in experimental acute renal failure.
Nephron Exp Nephrol 2006, 104:e83-88.

Leist M, Ghezzi P, Grasso G, Bianchi R, Villa P, Fratelli M, Savino C, Bianchi M,
Nielsen J, Gerwien J, Kallunki P, Larsen AK, Helboe L, Christensen S, Pedersen
LO, Nielsen M, Torup L, Sager T, Sfacteria A, Erbayraktar S, Erbayraktar Z,
Gokmen N, Yilmaz O, Cerami-Hand C, Xie QW, Coleman T, Cerami A, Brines M:
Derivatives of erythropoietin that are tissue protective but not
erythropoietic. Science 2004, 305:239-242.

Fiordaliso F, Chimenti S, Staszewsky L, Bai A, Carlo E, Cuccovillo I, Doni M,
Mengozzi M, Tonelli R, Ghezzi P, Coleman T, Brines M, Cerami A, Latini R: A
nonerythropoietic derivative of erythropoietin protects the myocardium
from ischemia-reperfusion injury. Proc Natl Acad Sci U S A 2005,
102:2046-2051.

Coleman TR, Westenfelder C, Togel FE, Yang Y, Hu Z, Swenson L, Leuvenink
HG, Ploeg RJ, d'Uscio LV, Katusic ZS, Ghezzi P, Zanetti A, Kaushansky K, Fox NE,
Cerami A, Brines M: Cytoprotective doses of erythropoietin or
carbamylated erythropoietin have markedly different procoagulant and
vasoactive activities. Proc Natl Acad Sci U S A 2006, 103:5965-5970.

Brines M, Patel NS, Villa P, Brines C, Mennini T, De Paola M, Erbayraktar Z,
Erbayraktar S, Sepodes B, Thiemermann C, Ghezzi P, Yamin M, Hand CC, Xie
QW, Coleman T, Cerami A: Nonerythropoietic, tissue-protective peptides
derived from the tertiary structure of erythropoietin. Proc Natl Acad Sci

49.

50.

51

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 7 of 8

USA 2008, 105:10925-10930.

Landry DW, Oliver JA: The pathogenesis of vasodilatory shock. N Engl J Med
2001, 345:588-595.

Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, Ramsay G, Zimmerman JL,
Vincent JL, Levy MM: Surviving Sepsis Campaign guidelines for
management of severe sepsis and septic shock. Crit Care Med 2004,
32:858-873.

Holmes CL, Walley KR, Chittock DR, Lehman T, Russell JA: The effects of
vasopressin on hemodynamics and renal function in severe septic shock:
a case series. Intensive Care Med 2001, 27:1416-1421.

Russell JA, Walley KR, Singer J, Gordon AC, Hebert PC, Cooper DJ, Holmes CL,
Mehta S, Granton JT, Storms MM, Cook DJ, Presneill JJ, Ayers D: Vasopressin
versus norepinephrine infusion in patients with septic shock. N £ngl J Med
2008, 358:877-887.

Maschio G: Erythropoietin and systemic hypertension. Nephrol Dial
Transplant 1995, 10(Suppl 2):74-79.

Smith KJ, Bleyer AJ, Little WC, Sane DC: The cardiovascular effects of
erythropoietin. Cardiovasc Res 2003, 59:538-548.

Neusser M, Tepel M, Zidek W: Erythropoietin increases cytosolic free
calcium concentration in vascular smooth muscle cells. Cardiovasc Res
1993, 27:1233-1236.

Akimoto T, Kusano E, Fujita N, Okada K, Saito O, Ono S, Ando Y, Homma S,
Saito T, Asano Y: Erythropoietin modulates angiotensin II- or
noradrenaline-induced Ca(2+) mobilization in cultured rat vascular
smooth-muscle cells. Nephrol Dial Transplant 2001, 16:491-499.

Barrett JD, Zhang Z, Zhu JH, Lee DB, Ward HJ, Jamgotchian N, Hu MS, Fredal
A, Giordani M, Eggena P: Erythropoietin upregulates angiotensin receptors
in cultured rat vascular smooth muscle cells. J Hypertens 1998,

16(12 Pt 1):1749-1757.

Kusano E, Akimoto T, Umino T, Yanagiba S, Inoue M, Ito C, Ando Y, Asano Y:
Modulation of endothelin-1-induced cytosolic free calcium mobilization
and mitogen-activated protein kinase activation by erythropoietin in
vascular smooth muscle cells. Kidney Blood Press Res 2001, 24:192-200.
Akimoto T, Kusano E, Muto S, Fujita N, Okada K; Saito T, Komatsu N, Ono S,
Ebata S, Ando Y, Homma S, Asano Y: The effect of erythropoietin on
interleukin-1B mediated increase in nitric oxide synthesis in vascular
smooth muscle cells. J Hypertens 1999, 17:1249-1256.

Kusano E, Akimoto T, Inoue M, Masunaga Y, Umino T, Ono S, Ando Y, Homma
S, Muto S, Komatsu N, Asano Y: Human recombinant erythropoietin inhibits
interleukin-1p-stimulated nitric oxide and cyclic guanosine
monophosphate production in cultured rat vascular smooth-muscle cells.
Nephrol Dial Transplant 1999, 14:597-603.

Heidenreich S, Rahn KH, Zidek W: Direct vasopressor effect of recombinant
human erythropoietin on renal resistance vessels. Kidney Int 1991,
39:259-265.

Buemi M, Allegra A, Squadrito F, Buemi AL, Lagana A, Aloisi C, Frisina N:
Effects of intravenous administration of recombinant human
erythropoietin in rats subject to hemorrhagic shock. Nephron 1993,
65:440-443.

Miyashita K, Itoh H, Sawada N, Fukunaga Y, Sone M, Yamahara K, Yurugi T,
Nakao K: Adrenomedullin promotes proliferation and migration of
cultured endothelial cells. Hypertens Res 2003, 26(Suppl):593-598.

Hand MF, Haynes WG, Johnstone HA, Anderton JL, Webb DJ: Erythropoietin
enhances vascular responsiveness to norepinephrine in renal failure.
Kidney Int 1995, 48:806-813.

Allegra A, Galasso A, Siracusano L, Aloisi C, Corica F, Lagana A, Frisina N, Buemi
M: Administration of recombinant erythropoietin determines increase of
peripheral resistances in patients with hypovolemic shock. Nephron 1996,
74:431-432.

Tascilar O, Cakmak GK, Tekin 10, Emre AU, Ucan BH, Bahadir B, Acikgoz S,
Irkorucu O, Karakaya K, Balbaloglu H, Kertis G, Ankarali H, Comert M:
Protective effects of erythropoietin against acute lung injury in a rat
model of acute necrotizing pancreatitis. World J Gastroenterol 2007,
13:6172-6182.

Cuzzocrea S, Di Paola R, Mazzon E, Patel NS, Genovese T, Muia C, Crisafulli C,
Caputi AP, Thiemermann C: Erythropoietin reduces the development of
nonseptic shock induced by zymosan in mice. Crit Care Med 2006,
34:1168-1177.

Koroglu TF, Yilmaz O, Ozer E, Baskin H, Gokmen N, Kumral A, Duman M, Ozkan
H: Erythropoietin attenuates lipopolysaccharide-induced splenic and



Walden et al. Critical Care 2010, 14:227
http://ccforum.com/content/14/4/227

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

thymic apoptosis in rats. Physiol Res 2006, 55:309-316.

Mitra A, Bansal S, Wang W, Falk S, Zolty E, Schrier RW: Erythropoietin
ameliorates renal dysfunction during endotoxaemia. Nephrol Dial
Transplant 2007, 22:2349-2353.

Kao R, Xenocostas A, Rui T, Yu P, Huang W, Rose J, Martin CM: Erythropoietin
improves skeletal muscle microcirculation and tissue bioenergetics in a
mouse sepsis model. Crit Care 2007, 11:R58.

Aoshiba K, Onizawa S, Tsuji T, Nagai A: Therapeutic effects of erythropoietin
in murine models of endotoxin shock. Crit Care Med 2009, 37:889-898.

Katz O, Gil L, Lifshitz L, Prutchi-Sagiv S, Gassmann M, Mittelman M, Neunann
D: Erythropoietin enhances immune responses in mice. Eur J Immunol
2007, 37:1584-1593.

Bryl E, Mysliwska J, Debska-Slizien A, Trzonkowski P, Rachon D, Bullo B,
Zdrojewski Z, Mysliwski A, Rutkowski B: Recombinant human erythropoietin
stimulates production of interleukin 2 by whole blood cell cultures of
hemodialysis patients. Artif Organs 1999, 23:809-816.

Mittelman M, Neumann D, Peled A, Kanter P, Haran-Ghera N: Erythropoietin
induces tumor regression and antitumor immune responses in murine
myeloma models. Proc Natl Acad Sci US A 2001, 98:5181-5186.

Prutchi-Sagiv S, Golishevsky N, Oster HS, Katz O, Cohen A, Naparstek E,
Neumann D, Mittelman M: Erythropoietin treatment in advanced multiple
myeloma is associated with improved immunological functions: could it
be beneficial in early disease? BrJ Haematol 2006, 135:660-672.

Haroon ZA, Amin K, Jiang X, Arcasoy MO: A novel role for erythropoietin
during fibrin-induced wound-healing response. Am J Pathol 2003,
163:993-1000.

Abel J, Spannbrucker N, Fandrey J, Jelkmann W: Serum erythropoietin levels
in patients with sepsis and septic shock. fur J Haematol 1996, 57:359-363.
Tamion F, Le Cam-Duchez V, Menard JF, Girault C, Coquerel A, Bonmarchand
G: Erythropoietin and renin as biological markers in critically ill patients.
Crit Care 2004, 8:R328-R335.

Tamion F, Le Cam-Duchez V, Menard JF, Girault C, Coquerel A, Bonmarchand
G: Serum erythropoietin levels in septic shock. Anaesth Intensive Care 2005,
33:578-584.

Hobisch-Hagen P, Wiedermann F, Mayr A, Fries D, Jelkmann W, Fuchs D,
Hasibeder W, Mutz N, Klingler A, Schobersberger W: Blunted erythropoietic
response to anemia in multiply traumatized patients. Crit Care Med 2001,
29:743-747.

Rogiers P, Zhang H, Leeman M, Nagler J, Neels H, Melot C, Vincent JL:
Erythropoietin response is blunted in critically ill patients. Intensive Care
Med 1997, 23:159-162.

Ehrenreich H, Hasselblatt M, Dembowski C, Cepek L, Lewczuk P, Stiefel M,
Rustenbeck HH, Breiter N, Jacob S, Knerlich F, Bohn M, Poser W, Ruther E,
Kochen M, Gefeller O, Gleiter C, Wessel TC, De Ryck M, Itri L, Prange H, Cerami
A, Brines M, Siren AL: Erythropoietin therapy for acute stroke is both safe
and beneficial. Mol Med 2002, 8:495-505.

Lipsic E, van der Meer P, Voors AA, Westenbrink BD, van den Heuvel AF, de
Boer HC, van Zonneveld AJ, Schoemaker RG, van Gilst WH, Zijlstra F, van
Veldhuisen DJ: A single bolus of a long-acting erythropoietin analogue
darbepoetin alfa in patients with acute myocardial infarction: a
randomized feasibility and safety study. Cardiovasc Drugs Ther 2006,
20:135-141.

Vincent JL, Spapen HD, Creteur J, Piagnerelli M, Hubloue |, Diltoer M, Roman
A, Stevens E, Vercammen E, Beaver JS: Pharmacokinetics and
pharmacodynamics of once-weekly subcutaneous epoetin alfa in critically
ill patients: results of a randomized, double-blind, placebo-controlled trial.
Crit Care Med 2006, 34:1661-1667.

Cheung W, Minton N, Gunawardena K: Pharmacokinetics and
pharmacodynamics of epoetin alfa once weekly and three times weekly.
Eur J Clin Pharmacol 2001, 57:411-418.

Vincent JL, Baron JF, Reinhart K, Gattinoni L, Thijs L, Webb A, Meier-Hellmann
A, Nollet G, Peres-Bota D: Anemia and blood transfusion in critically ill
patients. JAMA 2002, 288:1499-1507.

Corwin HL, Gettinger A, Pearl RG, Fink MP, Levy MM, Shapiro MJ, Corwin MJ,
Colton T: Efficacy of recombinant human erythropoietin in critically ill
patients: a randomized controlled trial. JAMA 2002, 288:2827-2835.

88.

89.

90.

91

92.

93.

94.

95.

9.

97.

98.

99.

100.

o

102.

103.

Page 8 of 8

Corwin HL, Gettinger A, Fabian TC, May A, Pearl RG, Heard S, An R, Bowers PJ,
Burton P, Klausner MA, Corwin MJ: Efficacy and safety of epoetin alfa in
critically ill patients. N Engl J Med 2007, 357:965-976.

Ghezzi P, Brines M: Erythropoietin as an antiapoptotic, tissue-protective
cytokine. Cell Death Differ 2004, 11(Suppl 1):537-S44.

Wu WT, Lin NT, Subeq YM, Lee RP, Chen IH, Hsu BG: Erythropoietin protects
severe haemorrhagic shock-induced organ damage in conscious rats.
Injury 2009, 41:724-730.

Zarychanski R, Turgeon AF, McIntyre L, Fergusson DA: Erythropoietin-
receptor agonists in critically ill patients: a meta-analysis of randomized
controlled trials. CMAJ 2007, 177:725-734.

Corwin HL, Gettinger A, Rodriguez RM, Pearl RG, Gubler KD, Enny C, Colton T,
Corwin MJ: Efficacy of recombinant human erythropoietin in the critically
ill patient: a randomized, double-blind, placebo-controlled trial. Crit Care
Med 1999, 27:2346-2350.

Gabriel A, Kozek S, Chiari A, Fitzgerald R, Grabner C, Geissler K, Zimpfer M,
Stockenhuber F, Bircher NG: High-dose recombinant human erythropoietin
stimulates reticulocyte production in patients with multiple organ
dysfunction syndrome. J Trauma 1998, 44:361-367.

Georgopoulos D, Matamis D, Routsi C, Michalopoulos A, Maggina N,
Dimopoulos G, Zakynthinos E, Nakos G, Thomopoulos G, Mandragos K,
Maniatis A: Recombinant human erythropoietin therapy in critically ill
patients: a dose-response study [ISRCTN48523317]. Crit Care 2005,
9:R508-R515.

Silver M, Corwin MJ, Bazan A, Gettinger A, Enny C, Corwin HL: Efficacy of
recombinant human erythropoietin in critically ill patients admitted to a
long-term acute care facility: a randomized, double-blind, placebo-
controlled trial. Crit Care Med 2006, 34:2310-2316.

Still JM, Jr, Belcher K, Law EJ, Thompson W, Jordan M, Lewis M, Saffle J, Hunt J,
Purdue GF, Waymack JP, DeClement F, Kagan R, Chen A: A double-blinded
prospective evaluation of recombinant human erythropoietin in acutely
burned patients. J Trauma 1995, 38:233-236.

van Iperen CE, Gaillard CA, Kraaijenhagen RJ, Braam BG, Marx JJ, van de Wiel
A: Response of erythropoiesis and iron metabolism to recombinant
human erythropoietin in intensive care unit patients. Crit Care Med 2000,
28:2773-2778.

Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G,
Tweeddale M, Schweitzer |, Yetisir E: A multicenter, randomized, controlled
clinical trial of transfusion requirements in critical care. Transfusion
Requirements in Critical Care Investigators, Canadian Critical Care Trials
Group. N Engl J Med 1999, 340:409-417.

Wiese L, Hempel C, Penkowa M, Kirkby N, Kurtzhals JA: Recombinant human
erythropoietin increases survival and reduces neuronal apoptosis in a
murine model of cerebral malaria. Malar J 2008, 7:3.

Bienvenu AL, Ferrandiz J, Kaiser K, Latour C, Picot S: Artesunate-
erythropoietin combination for murine cerebral malaria treatment. Acta
Trop 2008, 106:104-108.

. Besarab A, Bolton WK, Browne JK, Egrie JC, Nissenson AR, Okamoto DM,

Schwab SJ, Goodkin DA: The effects of normal as compared with low
hematocrit values in patients with cardiac disease who are receiving
hemodialysis and epoetin. N £ngl J Med 1998, 339:584-590.

Phrommintikul A, Haas SJ, Elsik M, Krum H: Mortality and target
haemoglobin concentrations in anaemic patients with chronic kidney
disease treated with erythropoietin: a meta-analysis. Lancet 2007,
369:381-388.

Bohlius J, Wilson J, Seidenfeld J, Piper M, Schwarzer G, Sandercock J, Trelle S,
Weingart O, Bayliss S, Brunskill S, Djulbegovic B, Benett CL, Langensiepen S,
Hyde C, Engert E: Erythropoietin or darbepoetin for patients with cancer.
Cochrane Database Syst Rev 2006, 3:CD003407.

doi:10.1186/cc9049
Cite this article as: Walden AP, et al: Bench to bedside: A role for
erythropoietin in sepsis. Critical Care 2010, 14:227.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


