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trauma), cardiovascular disease (e.g., myocardial infarction 
(MI) or stroke), major surgery (e.g., Whipple operation), mul-
tiple organ failure (e.g., following major surgery) or sepsis, 
which is often combined. Anemia is a major issue in ICU pa-
tients. In a multicenter study of 145 European ICUs, 63% of 
the total of >1,100 patients had blood hemoglobin (Hb) con-
centrations < 120 g/l on admission, including 29% of patients 
presenting with Hb concentrations < 100 g/l [1]. The CRIT 
Study (‘Anemia and Blood Transfusion in the Critically Ill – 
Current Clinical Practice in the United States’), published by 
Corwin et al. in 2004 [2], has shown that almost all patients are 
anemic by day 3 of their ICU stay. Both an increased loss and 
a decreased production of red blood cells (RBCs) contribute 
to ICU-associated anemia. Almost 50% of ICU patients re-
ceive allogeneic RBCs, the number of transfusions correlates 
with longer hospitalization and increased mortality [2].

Because allogeneic RBC transfusions inherently bear risks 
of transmission of infectious diseases, acute and chronic 
hemolytic transfusion reactions and transfusion-related lung 
injury [3], transfusion practices have become more restrictive 
over time [4–6]. Though these adverse events are rare in de-
veloped countries (cf. German Haemovigilance Report 2010 
of the Paul-Ehrlich-Institut; www.pei.de), recombinant human 
erythropoietin (rhEpo) and other erythropoiesis-stimulating 
agents (ESAs) have been considered alternative treatment 
options in euvolemic ICU patients [7, 8]. At present, the use 
of ESAs in ICU is off-label, unless the patients present with 
an approved clinical indication [9]. Depending on individual 
country regulations, ESAs are approved for anemic patients 
with chronic kidney disease (CKD), cancer patients on myelo-
suppressive chemotherapy, HIV-infected patients on zidovu-
dine treatment, patients undergoing autologous blood collec-
tion or elective surgery, and anemic preterm infants [10].

Evidence pro and against ESA therapy in ICU patients is 
the focus of the present article. In addition, some background 
information on the anemia in ICU patients is provided. Owing 
to the limited space, in many cases review articles have been 
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Summary
Anemia is common in intensive care unit (ICU) patients. 
Red blood cell (RBC) transfusions are mainstays of their 
treatment and can be life-saving. Allogeneic blood com-
ponents inherently bear risks of infection and immune 
reactions. Although these risks are rare in developed 
countries, recombinant human erythropoietin (rhEpo) 
and other erythropoiesis-stimulating agents (ESAs) have 
been considered alternative anti-anemia treatment op-
tions. As summarized herein, however, most of the clini-
cal studies suggest that ESAs are not usually advisable 
in ICU patients unless approved indications exist (e.g., 
renal disease). First, ESAs act in a delayed way, inducing 
an increase in reticulocytes only after a lag of 3–4 days. 
Second, many critically ill patients present with ESA re-
sistance as inflammatory mediators impair erythropoi-
etic cell proliferation and iron availability. Third, the ESA 
doses used for treatment of ICU patients are very high. 
Fourth, ESAs are not legally approved for general use in 
ICU patients. Solely in distinct cases, such as Jehovah’s 
Witnesses who refuse allogeneic blood transfusions due 
to religious beliefs, ESAs may be considered an excep-
tional therapy. 

Introduction

Intensive care units (ICUs) provide full-scale monitoring 
and treatment of patients in a critically ill or unstable condi-
tion, as it may result from a severe accident (e.g., cranial 
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cally ill patients [19, 20] and in multiply traumatized patients 
[21]. The term ‘relatively low’ indicates that the Epo levels 
were low when related to the patients’ Hb concentrations. In 
absolute terms Epo levels were approximately 10-fold higher 
than those in non-anemic healthy subjects. In addition, IL-1 
and TNF- , in concert with interferon  (IFN- ), lower the 
sensitivity of the erythrocytic progenitors towards Epo [22]. 
The role of interleukin-6 (IL-6) is more complex. IL-6 is 
thought to stimulate erythropoiesis, directly in the bone mar-
row, and indirectly through enhancing hepatic Epo synthesis. 
For example, extremely high plasma Epo levels were meas-
ured in patients with lethal sepsis [23]. Most importantly, IL-6 
stimulates the production of the iron regulatory hepatic hor-
mone hepcidin [24]. This acute-phase protein mediates the 
degradation and internalization of ferroportin-1 in entero-
cytes, hepatocytes, and macrophages. Normally ferroportin-1 
transports iron from inside to the outside of the cells. In case 
of ferroportin-1 degradation, iron cannot be absorbed in the 
gut, and cannot be released from iron stores. As a result, 
heme synthesis is greatly impaired [25]. 

RBC Transfusion

Almost 50% of critically ill patients receive RBC transfu-
sions [2], and >70% of the patients who are resident in the 
ICU for a week or longer are transfused. Whether benefit is 
bound to occur from RBC transfusions is a controversial 
issue, but apparently tradition and the theoretical appeal of 
abundant oxygen supply have made it standard practice [16]. 
In viewing the different types of diseases responsible for the 
admission to an ICU, it seems clear that patient-specific anti-
anemia treatment options are to be considered. 

Diagnosis of anemia is based on Hb concentration and he-
matocrit (Hct), i.e., it reflects the relationship between RBC 
mass and blood plasma volume [26]. On acute hemorrhage, it 
will take several hours for Hb concentration and Hct to de-
cline. The ‘critical Hb concentration’ is commonly defined as 
the value below which O2 consumption is limited by O2 sup-
ply, this is about <50 g/l in healthy persons [26]. Survival is 
possible at lower Hb concentrations, as demonstrated for ane-
mic Jehovah’s Witnesses [for example see 27]. Based on 
thoughtful review of the transfusion literature, Walsh and 
Saleh [26] have stated: ‘ although clinicians frequently trans-
fuse because they are concerned about inadequate oxygen 
 delivery to tissues, this does not usually result in measurable 
improvements …’. 

The Transfusion Requirements in Critical Care (TRICC) 
trial, published by Hebert et al. in 1999 [28], first provided evi-
dence that Hb concentrations in the 70–90 g/l range are rela-
tively well tolerated by most ICU patients. The restrictive 
RBC transfusion strategy (i.e., threshold Hb concentration 

70 g/l for the restrictive group vs. 90 g/l for the liberal 
group) was basically safe, with the possible exception of criti-

cited. Although rhEpo has been approved for treatment of 
the anemia of prematurity in certain countries, its use in neo-
natal ICUs is not described here but the information is found 
elsewhere [11].

Pathophysiology of Anemia in ICU Patients

The World Health Organization (WHO) has earlier de-
fined anemia as Hb concentration < 120 g/l in women and < 
130 g/l in men [12], and these limits are still accepted [13]. Ac-
cordingly, almost all patients (~97%) are anemic after their 
first week in the ICU [2]. The anemia in critical illness in-
volves several pathogenetic factors (fig. 1). RBC survival is 
shortened due to pathogen- and immune reaction-associated 
hemolysis [14]. The anemic state is aggravated by disorders of 
hemostasis such as the trauma-induced coagulopathy, gas-
trointestinal or other occult bleedings, and sequential diag-
nostic blood sampling. These reactions do not only occur in 
traumatic or surgical patients but also in medical ICU patients 
[15]. The daily replacement rate for RBCs under physiologi-
cal conditions is about 20 ml in healthy persons, but daily 
phlebotomy may amount to 40–70 ml in ICU patients [16]. 

The erythropoietic response to anemia is blunted in critical 
illness [17], sharing pathogenetic mechanisms with the anemia 
of chronic disease. The anemia is usually normochromic and 
normocytic. Inflammatory cytokines such as interleukin 1 (IL-
1) and tumor necrosis factor  (TNF- ) suppress Epo gene 
(EPO) expression [18]. Relatively low levels of circulating 
Epo were measured in studies of mixed populations of criti-

Fig. 1. Causes of anemia in critical illness. Hemorrhage is often the pri-
mary factor. Hemolysis is increased by pathogens and immune mediators. 
Proinflammatory cytokines such as interleukin 1 (IL-1) and tumor necro-
sis factor  (TNF- ) suppress EPO expression and inhibit the prolifera-
tion of erythrocytic progenitors. The iron availability is greatly reduced 
by the acute-phase protein hepcidin.
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adjusted odds ratio (OR) of 1.21 for each 10 g/l decrement in 
Hb concentration [35]. Patients with STEMI and Hb concen-
tration < 120 g/l had improved outcomes when transfused. In 
a multicenter study of 5,065 patients who underwent coronary 
artery bypass grafting (CABG), preoperative anemia and in-
traoperative RBC transfusions were independently associated 
with adverse postoperative cerebral and renal outcomes [37]. 
In a study of over 6,000 patients undergoing percutaneous 
coronary intervention (PCI), anemia proved to be associated 
with increased 30-day major cardiac events and with decreased 
1-year survival rates [38]. In a retrospective analysis of data on 
almost 79,000 Medicare beneficiaries 65 years old or older who 
were hospitalized with acute MI, blood transfusion was asso-
ciated with a lower short-term mortality rate only if Hct was 

30.0% on admission [39]. It has been concluded that the ben-
efits of RBC transfusions exceed the risks, when the Hb con-
centration falls <70 g/l in this population [40]. 

Sepsis 
With respect to sepsis, a TRICC trial [28] subgroup analy-

sis of patients with severe infection and shock showed no dif-
ference in 30-day mortality between the restrictive and the 
liberal RBC transfusion strategy groups (threshold Hb con-
centration 70 g/l vs. 90 g/l). Based on the results of the sin-
gle-center Early Goal-Directed Therapy (EGDT) trial on 263 
patients with severe sepsis, Rivers et al. [41] developed a 
treatment algorithm suggesting a target Hb concentration of 
100 g/l (Hct ~30%) for patients during the early phase of se-
vere sepsis and central venous O2 saturation (ScvO2) < 70%. 
This procedure has become standard of care, although it is 
partly at odds with the implications of the TRICC trial. Sweet 
et al. [42] have pointed out that it is difficult to perform the 
full EGDT protocol in a busy emergency department because 
of the time needed to place the various invasive catheters and 
perform the complex resuscitation and because many depart-
ments are not set up to measure ScvO2. In fact, a recent pro-
spective study has shown that RBC transfusions, despite 
 increasing Hb concentration, do not lead to an improvement 
in tissue oxygenation in patients with systemic inflammatory 
response syndrome (SIRS)/sepsis and Hb concentration  
<90 g/l [43]. In view of these areas of scientific uncertainty 
RBC transfusion guidelines appear of use to the ICU clinical 
teams, particularly when dealing with anemia management in 
septic patients. 

Transfusion Guidelines 
There are guidelines for transfusion of critically ill patients 

[5, 6, 44, 45]. For example, the British Committee for Stand-
ards in Haematology (BCSH) [45] recommends a transfusion 
threshold Hb concentration of 70 g/l, with a target Hb con-
centration of 70–90 g/l, in critically ill patients, unless specific 
co-morbidities or acute illness-related factors modify clinical 
decision-making. In the early resuscitation of patients with se-
vere sepsis, transfusion of RBCs to a target Hb concentration 

cally ill patients with acute MI and unstable angina [29]. In 
2011, Carson et al. [30] published the results of another trial 
investigating whether a higher threshold for blood transfusion 
would improve recovery in patients who had undergone sur-
gery for hip fracture. The study compiled 2,016 patients who 
were 50 years of age or older, who had either a history of or 
risk factors for cardiovascular disease, and whose postopera-
tive Hb level was <100 g/l [30]. The patients were assigned to 
a liberal transfusion strategy (Hb concentration threshold of 
100 g/l) or a restrictive transfusion strategy (symptoms of ane-
mia or at physician discretion for an Hb level of <80 g/l). A 
median of 2 units of RBCs were transfused in the liberal-strat-
egy group and none in the restrictive-strategy group. A liberal 
transfusion strategy, as compared with a restrictive strategy, 
did not reduce rates of death or inability to walk on a 60-day 
follow-up or reduce in-hospital morbidity in elderly patients 
at high cardiovascular risk [30]. In clinical practice, however, 
there is still discussion on the Hb concentration threshold at 
which postoperative RBC transfusion is warranted [31]. When 
the relationship between anemia, RBC transfusions and out-
comes was retrospectively investigated in 5,925 surgical ICU 
patients, higher Hb concentrations and receipt of allogeneic 
RBCs were independently associated with a lower risk of in-
hospital death, especially in patients aged between 66 and 80 
years, in patients admitted to the ICU after non-cardiovascu-
lar surgery, in patients with higher severity scores, and in pa-
tients with severe sepsis. The authors concluded that rand-
omized control studies are warranted to confirm the potential 
benefit of blood transfusions in these subpopulations [31]. Le-
lubre and Vincent [32] have recently proposed to personalize 
blood transfusion according to physiological endpoints rather 
than to use arbitrary thresholds. In daily clinical routine, how-
ever, guidelines providing threshold values are of practical 
usefulness.

Ischemic Myocardial Disease
The association between blood transfusion and mortality 

was investigated among patients with acute coronary syn-
dromes (ACS) who develop bleeding, anemia, or both during 
their hospital course [33]. The analysis, which included 24,112 
enrollees in 3 large international trials, revealed that patients 
who underwent transfusion were older and had more comor-
bid illness at presentation and also had a significantly higher 
unadjusted rate of 30-day death, MI, and death/MI compared 
with patients who did not undergo transfusion [33]. In pa-
tients with acute MI, the development of anemia during hos-
pitalization was found to be associated with increased mortal-
ity [34]. In patients with non-ST-segment elevation ACS 
(NSTE ACS), the likelihood of cardiovascular death, MI, or 
recurrent ischemia increased when Hb concentrations fell 
below 110 g/l [35]. The need for RBC transfusion is a risk fac-
tor for mortality in such patients [36]. In patients with ST-seg-
ment elevation MI (STEMI), cardiovascular mortality in-
creased when Hb concentrations fell below 140 g/l with an 
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Abs may cause pure red cell aplasia (PRCA), which is charac-
terized by severe normochromic normocytic anemia of sud-
den onset, reticulocytopenia, and the lack of erythrocytic pre-
cursors in the bone marrow. However, anti-Epo Ab formation 
is unlikely to occur in ESA-treated critically ill patients for 
several reasons: i) The incidence of anti-Epo Ab-induced 
PRCA is generally very low (0.26/10,000 patient years) [51]. 
ii) Based on current knowledge the period until anti-Epo Abs 
form exceeds three months of ESA therapy [51]. iii) ESAs can 
be administered via the intravenous (IV) route in ICU pa-
tients, while anti-Epo Abs occur almost exclusively on subcu-
taneous (SC) ESA administration [51]. There has been only 
one single case of anti-Epo Ab-induced PRCA, in which 
ESAs were solely administered via the IV route [52].

ESA Therapy in Critically Ill Patients

Corwin et al. [53] first performed a pilot study to determine 
whether rhEpo would reduce the need for RBC transfusions 
in ICU patients. A total of 160 patients were randomized to 
daily receive by SC injection either rhEpo (300 IU/kg bw) or 
placebo from ICU days 3 to 7 and then every other day. Re-
portedly, less RBC units were transfused in the rhEpo than in 
the placebo group, while rates of mortality and adverse events 
were similar [53]. A second study (EPO-2; 1,302 patients) in 
which lower rhEpo doses (40,000 IU/week, SC, for a total of 3 
doses) were applied yielded similar results [54]. In a third 
study (EPO-3; 1,460 patients) the same rhEpo dosing (40,000 
IU/week) did neither decrease the number of patients trans-
fused nor the number of RBC units transfused [55]. The use 
of rhEpo was associated with an increased incidence of throm-
bovascular events (TVEs) in patients who did not receive 
heparin at baseline but not among those who received heparin 
at baseline [55]. 

Epo-induced increases in Hb concentration develop very 
slowly in critically ill patients due to the inflammatory proc-
esses. For example, in the study by van Iperen et al. [20] the 
administration of IV high-dose rhEpo (300 IU/kg bw) every 
other day for 9 days caused increases in reticulocytes, whereas 
Hb concentrations remained unchanged in the 9 ICU patients 
under study. The RBC zinc protoporphyrin level was elevated 
in the rhEpo-treated patients, indicating iron-deficient eryth-
ropoiesis despite daily IV administrations of 20 mg iron sac-
charate. These results are in line with findings by Vincent et 
al. [56] reporting that the change in Hb concentration from 
baseline through day 29 was not different when a rhEpo (SC 
40,000 IU once weekly) and a placebo group were compared, 
although rhEpo-treated patients presented with a stronger re-
ticulocyte response [56]. Another study showed a reduction in 
transfusion requirements along with an increase in Hct in ICU 
patients receiving SC 40,000 IU rhEpo once a week. There 
was little further improvement in patients receiving SC 40,000 
IU rhEpo three times a week [57]. It should be remembered 

of 90–100 g/l should be considered, if there is clear evidence of 
inadequate systemic O2 delivery [45]. In patients with trau-
matic brain injury, the target Hb concentration should be >90 
g/l in case of evidence of cerebral ischemia, otherwise it 
should be 70–90 g/l according to the BCSH guidelines [45]. In 
patients with subarachnoid hemorrhage, the target Hb con-
centration should be 80–100 g/l [45]. In patients with an acute 
ischemic stroke, Hb concentrations >90 g/l, and in patients 
with ACS >80 g/l are recommended. [45]. Of note, different 
guidelines may be applicable in individual countries or 
hospitals.

Basics of the Therapy with rhEpo and Its Analogues

Epo is essential for the production of RBCs in the bone 
marrow. Because Epo is mainly produced in the kidneys, pa-
tients with CKD (includes patients on dialysis and not on di-
alysis) are substituted with rhEpo (International Nonproprie-
tary Name (INN): epoetin) or with an analogous ESA. Apart 
from CKD, ESAs can be indicated for the treatment of ane-
mia in cancer patients on myelosuppressive chemotherapy. 
Depending on country and brand type, rhEpo can also be ap-
proved for anemia associated with zidovudine treatment in 
HIV infection, the support of an autologous blood collection 
program, elective surgery, and anemia in preterm infants. 
Common weekly doses are 2,000–8,000 IU rhEpo in anemic 
CKD patients (dose depending upon patient’s weight, severity 
of anemia, and associated symptoms) and 30,000–40,000 IU 
rhEpo in cancer patients on chemotherapy.

Epo suppresses the programmed cell death (apoptosis) of 
the colony-forming units-erythroid (CFU-Es) and their off-
springs, thereby promoting the generation of an increased 
number of normoblasts and, eventually, reticulocytes [46]. Im-
portantly, the increase in the number of reticulocytes in blood 
becomes significant only after a lag of 3–4 days following the 
administration of rhEpo [47]. Maximum increases in Hb con-
centration by ~1.5 g/l/day may become possible, when ex-
tremely high Epo levels are reached (e.g. following the appli-
cation of 500 IU rhEpo per kg body weight (bw)) [48]. For 
comparison, the transfusion of one RBC unit will produce an 
immediate increase in the Hb concentration by ~10 g/l [49]. 

Off-label uses of ESAs have been described with respect to 
the anemias of chronic diseases (i.e., rheumatoid arthritis, sys-
temic lupus erythematosus, or inflammatory bowel disease), 
myelodysplastic disorders, and hepatitis C/ribavirin therapy. 
In patients with reduced iron availability, iron supplementa-
tion (to achieve transferrin saturation > 20%) may increase 
the effectiveness of rhEpo. Infused, rather than oral, iron sup-
plementation is advised because hepcidin inhibits the gas-
trointestinal uptake of iron [24, 25]. 

Biopharmaceuticals may be immunogenic, and cases of 
neutralizing antibody (Ab) formation against ESAs have 
been detected in CKD patients [50]. Neutralizing anti-Epo 
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ity was reduced for patients who received darbepoetin alfa 
compared with those who did not (9.3 vs. 25.3%). 

In the Long Term Trauma Outcomes Study patients with 
major blunt trauma orthopedic injuries were administered 
rhEpo or placebo weekly both in hospital and after discharge 
for up to 12 weeks or until Hb concentration was >120 g/l [65]. 
Hb concentration increased from baseline to hospital dis-
charge to a similar degree in the rhEpo (by 12 g/l blood) and 
the placebo (by 9 g/l blood) group. Transfusion requirements 
were also similar in both groups [65].

Silver et al. [66] assessed the efficacy of rhEpo therapy in 
decreasing the occurrence of RBC transfusions in critically ill 
patients admitted to a long-term acute care facility. The treat-
ment with rhEpo (SC 40,000 IU weekly for up to 12 doses) 
was associated with a reduction in RBC transfusions and 
higher Hb concentration during the initial 42 days, with little 
additional benefit achieved with rhEpo therapy to 84 days. 
Mortality rate and serious adverse clinical events were not 
statistically different between the two groups. 

Chui et al. [67] evaluated the cost-effectiveness of rhEpo in 
surgical trauma patients in an ICU setting. The authors con-
structed a decision analytic model to compare adjunctive use 
of rhEpo with standard care in trauma patients from the per-
spective of a Canadian payer. It was concluded that, although 
the cost per quality-adjusted life year (QALY) gained with 
rhEpo use may fall into an acceptable range, there is great un-
certainty about its true cost-effectiveness [67]. 

ESA Use in Myocardial Disease
Pilot studies investigating effects of ESA administration in 

patients with acute MIs provided conflicting results with re-
spect to the left ventricular ejection fraction (LVEF) and in-
farct size [for review see 68]. Larger trials on patients with 
acute STEMI treated with PCI have shown that the therapy 
with high-dose rhEpo does not improve LVEF or reduce MI 
size [69–71]. In the Reduction of Infarct Expansion and Ven-
tricular Remodeling With Erythropoietin After Large Myo-
cardial Infarction (REVEAL) trial on 222 patients with 
STEMI and PCI, the mean infarct size within the first week 
was even larger in the rhEpo group, compared to the placebo 
group, in patients aged 70 years or older [72]. In the safety 
cohort, of the 125 patients who received rhEpo, the composite 
outcome of death, MI, stroke, or stent thrombosis occurred in 
5 patients but in none of the 97 who received placebo [72]. 
Two meta-analyses of randomized controlled trials have con-
firmed that there is no benefit of ESAs over conventional 
therapy in patients with acute MI [73, 74]. 

There is a single report proposing that extremely high 
doses of rhEpo (90,000 IU), given as a bolus early during car-
diopulmonary resuscitation, can improve the hemodynamic 
efficacy of chest compression yielding higher rates of initial 
resuscitation and higher rates of survival to hospital discharge, 
compared with concurrent controls [75]. This interesting find-
ing requires further investigation. 

that such doses are about 10-fold higher than those commonly 
used for alleviation of anemia in CKD [58]. Only at extremely 
high concentration, Epo may overcome the inhibitory action 
of pro-inflammatory cytokines and stimulate the proliferation 
of erythrocytic progenitors in critically ill patients [59]. 

In order to investigate more precisely whether more fre-
quent ESA administration raises efficacy, the pharmacokinet-
ics and pharmacodynamics of six rhEpo dosing regimens were 
tested in a 28-day clinical trial on 60 ICU patients (Hb con-
centration  120 g/l) [60]. Alternative regimens were SC or IV 
40,000 IU once weekly; SC or IV 15,000 IU every other day; 
or SC or IV 40,000 IU on days 1 and 3 followed by SC 15,000 
IU once every other day on days 5–15; treatment duration in 
all groups 15 days. Peak serum Epo concentrations were 
10–45 times higher on IV than on SC dosing. However, there 
was no increase in Hb concentration [60].

An earlier meta-analysis of controlled trials (9 studies, da-
tabases covering the period 1950–2007) has also pointed out 
that the use of rhEpo, compared with placebo or no interven-
tion, had no significant effect on overall mortality, duration of 
mechanical ventilation, and length of stay in the ICU [61]. 
The mean number of RBC units transfused per patient was 
reduced by 0.41 in the rhEpo group but the authors recalled 
that most of the included studies were performed before the 
widespread adoption of a restrictive transfusion strategy [61]. 

Taken together, rhEpo treatment does not appear to be 
very effective in ICU patients. The possibility remains that 
the efficacy of ESA therapy differs depending on the individ-
ual pathology, and benefits could be detected in distinct 
groups of ICU patients.

ESA Use in Trauma
Since endogenous Epo levels were relatively low in multi-

ply traumatized patients [21], ESA substitution therapy has 
been considered [62]. In fact, in the trauma subgroup of the 
above described trial EPO-2 a 29-day survival benefit was as-
sessed in the rhEpo-treated patients (mortality 8.9 vs. 4.1%) 
[54]. The similar trial EPO-3 [55] confirmed this survival ben-
efit (mortality 6.7 vs. 3.5%), but it also showed an increase in 
clinically relevant TVEs in the rhEpo-treated trauma group 
(16.4 vs. 12.5%) [62]. In particular, a trend was seen toward 
increased risk of venous TVEs in rhEpo-treated patients not 
receiving prophylaxis by use of heparin [62].

Neurological outcomes following traumatic brain injury 
will be worsened in anemic subjects, due to a reduction in cer-
ebral O2 tension and hypoxia-induced cell death. Vascular 
and cellular mechanisms that may help to maintain cerebral 
O2 delivery in anemia have been discussed elsewhere [63]. 
Talving et al. [64] performed a prospective observational 
study on 566 patients with severe traumatic brain injury. Pa-
tients who received ESA (darbepoetin alfa 0.40 μg/kg bw; cor-
responding to ~SC 80 IU rhEpo/kg bw weekly) experienced 
longer lengths of stay in the surgical ICU (on average 16.1 vs. 
8.6 days) and comparable ICU-free days. In-hospital mortal-
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thusiastic preclinical tissue-protective effects assigned to Epo 
did not stand firm in well-controlled large clinical trials [87]. 
For example, while a small pilot study suggested that the pro-
phylactic administration of rhEpo (300 IU/kg bw, IV) could 
prevent acute kidney injury (AKI) in patients undergoing 
CABG [88], another trial did not detect nephroprotective 
properties of rhEpo, when administered to patients on arrival 
to the ICU immediately after cardiac surgery [89]. Neurocog-
nitive dysfunction can also complicate CABG surgery. In a 
small double-blind, placebo controlled, proof-of-concept 
trial, treatment with high doses of rhEpo (up to 1,500 IU/kg 
bw, divided in 3 daily doses, starting the day before surgery), 
the postoperative cognitive decline did not differ statistically 
between rhEpo-treated patients and controls, and there were 
no benefits with respect to the mortality rate [90]. Likewise, 
an interventional study in high-risk ICU patients revealed 
that rhEpo treatment (500 IU/kg bw. IV) will neither prevent 
AKI nor reduce the risk for mortality [91]. 

RhEpo Treatment in Jehova’s Witnesses

In 2008, Ball et al. [92] summarized the reports of rhEpo 
therapy in critically ill Jehovah’s Witnesses who refused blood 
transfusions or blood products for religious reasons. Among 
the cases (trauma, burns, general surgery, gastrointestinal hem-
orrhage), there was major variation with respect to time to the 
start of treatment, dosages, route of administration, and treat-
ment duration. Reading leaves an impression that the adminis-
tration of ESAs in combination with blood conservation tech-
niques might have increased Hb concentration and survival in 
the patients. For example, there is a report on 4 severely ane-
mic Jehovah’s Witness patients (lowest Hb concentration was 
27 g/l), who were discharged from the hospital in good condi-
tion after daily treatment with rhEpo (50–280 IU/kg bw) [27]. 
RhEpo treatment was followed by a rise in reticulocytes and 
Hb concentration. However, it is obvious that none of the stud-
ies was blinded or placebo-controlled. Hence, the administra-
tion of an ESA can be justified in the management of life-
threatening anemia, although none but on a humanitarian 
basis, because there is no predictor for the possible spontane-
ous recovery [27]. Of note, high doses of both ESA and iron 
are required to stimulate erythropoiesis in these patients.

Conclusions

It has been proposed to treat ICU patients with high-dose 
rhEpo, or analogues or derivatives thereof. The primary goal 
of such therapy is achieving an increase in Hb concentration 
and, hence, to reduce the need for allogeneic RBC transfu-
sions. Other parameters of interest include the length of stay 
in ICU or in hospital after ICU discharge and the functional 
outcome after hospital discharge.

ESA Use in Stroke
Analogues and derivatives of rhEpo have been considered 

as a treatment means in stroke patients for two reasons: i) 
ESAs might be regularly used to stimulate erythropoiesis. Al-
though Hb concentrations as low as 70 g/l are tolerated in 
most critically ill patients, such a severe degree of anemia 
could be harmful in brain-injured patients [76]. ii) Derivatives 
of rhEpo could be applied for neuroprotection [77] since Epo 
was assigned pleiotropic anti-apoptotic potential (see below). 
However, in a well-designed ischemic stroke trial (German 
Multicenter EPO Stroke Trial) the use of rhEpo for neuro-
protection resulted in a higher death rate as compared with 
placebo, particularly in patients requiring thrombolytic ther-
apy [78]. Serum biomarker profiles, as an outcome measure of 
brain damage, corroborated some advantageous effects of 
rhEpo in ischemic stroke [79]. With respect to current clinical 
practice, however, rhEpo and its analogues appear of little use 
in stroke. In anemic stroke patients ESAs are of little help be-
cause of the delay in RBC production [80]. In non-anemic 
stroke patients ESA administration may be harmful due to 
adverse events resulting from the stimulation of erythropoie-
sis, particularly the risk to promote thromboembolism [81]. 

ESA Use in Burn Injury
Still et al. [82] performed a prospective double-blind ran-

domized study of 40 patients to evaluate the effects of rhEpo 
in preventing anemia in acutely burned patients (burns from 
25 to 65% total body surface). RhEpo (100 IU/kg bw) or a pla-
cebo was begun within 72 h of admission and then daily for 1 
week; thereafter, the dose was reduced. The administration of 
rhEpo in the acutely burned patients did neither prevent the 
development of postburn anemia nor decrease transfusion re-
quirements [82]. Lundy et al. [83] examined retrospectively the 
effect of rhEpo (40,000 IU weekly) on mortality and transfu-
sion in 25 burned patients (burns > 30% total body surface, 
ICU stay > 15 days). The patients were treated with 40,000 IU 
rhEpo over an 18-month period. No effect was seen for rhEPO 
treatment on mortality or RBC transfusion requirements in 
the severely burned, when compared to a group of matched 
historic controls [83]. Very recently a large, prospective, ran-
domized, double-blind, multicenter study has been initiated to 
investigate the effects of rhEpo treatment (150 IU/kg bw every 
other day for 21 days) in severely burned patients [84]. How-
ever, anemia treatment is not the primary goal here, instead 
the study will investigate effects on wound healing [84].

ESA Use for Tissue Protection in the Perioperative Period 
Preclinical observations triggered the hypothesis Epo is a 

pleiotropic survival factor with ubiquitous anti-apoptotic 
properties [85], leading to clinical trials of the use of rhEpo or 
its derivatives to protect tissues in the critically ill. However, 
recent research has shown that solely hematopoietic tissues 
have high levels of Epo receptor molecules with undetectable 
levels in non-hematopoietic tissues [86]. Accordingly, the en-
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therapy is less economic. Also, ESAs are not legally approved 
for general use in ICU patients. Therefore, ESA therapy is 
not recommended in ICU patients unless specific medical in-
dications exist (e.g., renal disease). Solely in distinct cases, 
such as Jehovah’s Witnesses who refuse allogeneic blood 
transfusions due to religious beliefs, ESAs may be considered 
an exceptional therapy.
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In weighing the pros and cons, it is concluded that there is 
no convincing evidence in support of concepts for a common 
use of ESAs in ICU patients. The change in Hb concentration 
resulting from ESA therapy was generally small, and – if at all 
– the number of RBC units transfused was no better than 
moderately reduced. The use of rhEpo, compared with pla-
cebo or no intervention, had no significant effect on overall 
mortality, length of stay in hospital or ICU. ESAs act in a de-
layed way, causing an increase in blood reticulocytes only 
after a lag of 3–4 days. Many critically ill patients present with 
ESA resistance as inflammatory mediators impair iron avail-
ability and erythropoietic cell proliferation. The ESA doses 
used for treatment of ICU patients are very high, thus the 
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