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ABSTRACT

BACKGROUND

Anemia, which is common in the critically ill, is often treated with red-cell transfu-
sions, which are associated with poor clinical outcomes. We hypothesized that ther-
apy with recombinant human erythropoietin (epoetin alfa) might reduce the need for
red-cell transfusions.

METHODS

In this prospective, randomized, placebo-controlled trial, we enrolled 1460 medical,
surgical, or trauma patients between 48 and 96 hours after admission to the intensive
care unit. Epoetin alfa (40,000 U) or placebo was administered weekly, for a maximum
of 3 weeks; patients were followed for 140 days. The primary end point was the
percentage of patients who received a red-cell transfusion. Secondary end points were
the number of red-cell units transfused, mortality, and the change in hemoglobin con-
centration from baseline.

RESULTS
As compared with the use of placebo, epoetin alfa therapy did not result in a decrease
in either the number of patients who received a red-cell transfusion (relative risk for
the epoetin alfa group vs. the placebo group, 0.95; 95% confidence interval [CI],
0.85 to 1.06) or the mean (+SD) number of red-cell units transfused (4.5+4.6 units
in the epoetin alfa group and 4.3+4.8 units in the placebo group, P=0.42). However,
the hemoglobin concentration at day 29 increased more in the epoetin alfa group than
in the placebo group (1.6+2.0 g per deciliter vs. 1.2+1.8 g per deciliter, P<0.001).
Mortality tended to be lower at day 29 among patients receiving epoetin alfa (ad-
justed hazard ratio, 0.79; 95% CI, 0.56 to 1.10); this effect was also seen in pre-
specified analyses in those with a diagnosis of trauma (adjusted hazard ratio, 0.37;
95% CI, 0.19 to 0.72). A similar pattern was seen at day 140 (adjusted hazard ratio,
0.86; 95% CI, 0.65 to 1.13), particularly in those with trauma (adjusted hazard ratio,
0.40; 95% CI, 0.23 to 0.69). As compared with placebo, epoetin alfa was associated
with a significant increase in the incidence of thrombotic events (hazard ratio, 1.41;
95% CI, 1.06 to 1.80).

CONCLUSIONS
The use of epoetin alfa does not reduce the incidence of red-cell transfusion among
critically ill patients, but it may reduce mortality in patients with trauma. Treatment
with epoetin alfa is associated with an increase in the incidence of thrombotic
events. (ClinicalTrials.gov number, NCT00091910.)
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NEMIA IS COMMON IN THE CRITICALLY

ill, often resulting in red-cell transfusions.-

Two observational studies reported that 35
to 45% of patients admitted to intensive care units
(ICUs) receive transfusions of almost 5 red-cell
units while in the ICU.3* However, the view that
red-cell transfusion is beneficial for critically ill pa-
tients has been questioned because of data sug-
gesting that red-cell transfusion may decrease the
likelihood of survival in critically ill adults.>#

Anemia is evident early in the courses of criti-
cal illnesses, and hemoglobin concentrations fall
throughout stays in the ICU.%* Impaired produc-
tion of red cells contributes to the development
and persistence of anemia. Although there are
multiple reasons for this anemia, it has character-
istics similar to the anemia of chronic inflamma-
tory disease.® A feature of anemia of critical illness
is a lack of appropriate elevation of circulating
erythropoietin concentrations in response to phys-
iological stimuli.?2° Such observations suggest
that the administration of recombinant human
erythropoietin (epoetin alfa) might raise hemoglo-
bin concentrations in critically ill patients, thereby
preventing the need for exposure to allogeneic
blood.

We previously conducted two trials of the effi-
cacy of epoetin alfa in reducing the number of
red-cell transfusions.***2 Both trials showed that
treatment with epoetin alfa decreased the num-
ber of red-cell transfusions and increased hemo-
globin concentrations. No other clinical benefits
were found. We designed the current study to as-
sess the safety and efficacy of a reduced dose of
epoetin alfa and to evaluate clinical outcomes and
subgroup differences suggested by our previous
studies of critically ill patients.

METHODS

GENERAL DESCRIPTION

We conducted this prospective, randomized, dou-
ble-blind, placebo-controlled trial at 115 medical
centers between December 2003 and June 2006.
It was approved by the institutional review com-
mittee at each participating institution, and writ-
ten informed consent was obtained from each
patient (or his or her surrogate). If a surrogate pro-
vided consent, patients were approached for writ-
ten informed consent when it was medically appro-
priate. An independent data and safety monitoring
board monitored the safety of the study.

The two academic authors who were the prin-
cipal investigators designed the study in conjunc-
tion with the clinical research organization and
the sponsor. Patient enrollment and data collection
were done at each site and supervised by the clini-
cal research organization, which provided ran-
domization and initial data analysis. The authors
analyzed, interpreted, and had full access to the
data; were responsible for the manuscript; and
verify the completeness and accuracy of the data.
An independent statistical consultant reviewed the
statistical methods and data analyses. The final
manuscript was written by the authors and re-
viewed by the sponsor.

STUDY POPULATION
All patients who were admitted to medical, surgi-
cal, or medical-surgical ICUs in each of the par-
ticipating institutions and remained in that ICU
for 2 days were evaluated for eligibility. Other in-
clusion criteria were as follows: age of 18 years or
older, hemoglobin concentration of less than 12 g
per deciliter, and written informed consent. Exclu-
sion criteria were as follows: expected discharge
from the ICU within 48 hours after the second day
in the ICU; acute ischemic heart disease (myocar-
dial infarction or unstable angina) during the ICU
stay; a stay of more than 48 hours’ duration in
the ICU of a transferring hospital; presence of a
left ventricular assist device; history of pulmonary
embolus, deep venous thrombosis, ischemic stroke,
other arterial or venous thrombotic event (exclud-
ing superficial thrombosis), or a chronic hyperco-
agulable disorder; dialysis for any indication; un-
controlled hypertension (systolic blood pressure of
>200 mm Hg or diastolic blood pressure of >110
mm Hg) after adequate antihypertensive therapy;
new-onset seizures within the past 3 months or
seizures not controlled by medication; third-degree
burns on more than 20% of the body-surface area;
pregnancy or lactation; diagnosis of acute, clini-
cally significant gastrointestinal bleeding on ad-
mission; transfusion at the time of planned enroll-
ment; treatment with epoetin alfa within the past
30 days; inability or unwillingness to receive blood
products; participation in another study; and hy-
persensitivity to epoetin alfa or any of its compo-
nents.

Randomization was performed between 48 and
96 hours after admission to the ICU (study day 1).
Randomization was achieved with the use of com-
puter-generated random numbers and was strat-
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ified according to site and three mutually exclusive
admission groups (trauma, surgical nontrauma,
and medical nontrauma).

STUDY DESIGN
The study drug (epoetin alfa [Procrit, Ortho Bio-
tech], 40,000 U) or an identical-appearing place-
bo was administered by means of subcutaneous
injection on study day 1 and weekly thereafter, for
a total of three doses (on days 1, 8, and 15), in
patients remaining in the hospital. The study drug
was withheld from patients with hemoglobin con-
centrations of 12 g per deciliter or greater at the
time at which the second or third dose would
have been given. All patients received liquid iron
(150 mg elemental iron per day) by mouth or by
nasogastric tube beginning on day 1 or when they
could tolerate oral feeding. Parenteral iron was
given if the response to the oral iron was inade-
quate (i.e., transferrin saturation, <20%; and serum
ferritin concentration, <100 ng per milliliter).

The need for red-cell transfusion was deter-
mined by each patient’s treating physician. Red-
cell transfusion was targeted to maintain a hemo-
globin concentration between 7 g per deciliter and
9 g per deciliter; transfusion was not recommend-
ed if the hemoglobin concentration was 9 g per
deciliter or more or the hematocrit was 27% or
greater, unless there was a specific clinical indi-
cation (e.g., active bleeding or ischemia). Transfu-
sion in patients with a hemoglobin concentration
of less than 9 g per deciliter or a hematocrit of less
than 27% was undertaken at the discretion of the
physician. There was no hemoglobin concentra-
tion or hematocrit that mandated a red-cell trans-
fusion.

STUDY OUTCOMES
The primary end point was the percentage of pa-
tients receiving any red-cell transfusion between
days 1 and 29. Secondary end points were the num-
ber of red-cell units transfused between days 1 and
42, mortality at day 29 and at day 140, and the
change in hemoglobin concentration from baseline
to day 29. Reports of all adverse events were col-
lected through day 140.

STATISTICAL ANALYSIS
On the basis of our previous trials,***2 we calcu-
lated that 1300 patients would be required for the
study to have a statistical power of 80% to detect
an absolute difference of 8% in the primary end

point between the epoetin alfa group and the pla-
cebo group. According to the results of a blinded
review during the current study, the protocol was
amended in order to maintain the planned statisti-
cal power, and we increased the number of pa-
tients by 160, for a total of 1460 patients. All
patients were followed for 140 days, unless death
occurred earlier. Statistical analyses were based on
the intention-to-treat principle and involved all pa-
tients who had undergone randomization.

The primary end point, the percentage of pa-
tients receiving a red-cell transfusion, was evalu-
ated with the use of the Cochran—Mantel-Haenszel
test, stratified according to the admission group
(trauma, surgical nontrauma, or medical nontrau-
ma), which was prespecified. Patients who had not
yet received a transfusion when they discontinued
the study drug or were lost to follow-up were con-
sidered not to have received a transfusion during
the study period. Another evaluation was per-
formed, which was identical except that patients
who discontinued the study drug or were lost to
follow-up were considered to have received a trans-
fusion. Relative risks and their 95% confidence
intervals were calculated.

The numbers of red-cell units transfused were
compared between the epoetin alfa group and
the placebo group with the use of the Wilcoxon—
Mann-Whitney test. The transfusion rate was ex-
pressed as the number of units that were trans-
fused for a given patient divided by the total
number of days the patient was alive. The change
in hemoglobin concentration from baseline was
compared between the two groups with the use
of an analysis of covariance, with the effects of
baseline hemoglobin value, admission group, and
study group included in the model. We imputed
missing values using the last-observation-carried-
forward method.

Mortality data were analyzed with the use of the
stratified Kaplan—Meier method, evaluated at days
29 and 140. The Greenwood formula was used to
calculate the corresponding standard error for the
survival rate, and the inverse-variance approach
was used to standardize the test statistics account-
ing for the three strata (trauma, medical nontrau-
ma, and surgical nontrauma) (see the Supplemen-
tary Appendix, available with the full text of this
article at www.nejm.org). We believed that this
Kaplan—Meier approach was more appropriate
than the log-rank test, because approximately 90%
of the patients did not die during the study and,
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as a result, there was a large percentage of data
censored. A permutation test was done to con-
firm the robustness of the analysis. Data for time
to death were censored at the date of the last as-
sessment if a patient was withdrawn before day
140. Data were censored at day 140 for patients
who were alive at the end of the study period.

We evaluated the interaction between the study
group (epoetin alfa or placebo) and the admission
group (trauma, medical nontrauma, or surgical
nontrauma) using a Cox regression model includ-
ing study group, admission group, and the inter-
action between the study group and the admission
group. A Cox regression analysis was also per-
formed to adjust hazard ratios for mortality, with
several covariates: age; sex; admission group; types
of coexisting conditions; score on the Acute Physi-
ology and Chronic Health Evaluation II; baseline
hemoglobin concentration, iron studies, erythro-
poietin concentration, and serum creatinine con-
centration; and Injury Severity Score. The unad-
justed hazard ratio was also determined.

We studied the use of mechanical ventilation by
analyzing the numbers of ventilator-free days and
the duration of mechanical ventilation. Kaplan—
Meier estimates were calculated in addition to de-
scriptive statistics. Lengths of stay in the ICU and
hospital were analyzed in a similar manner to
mechanical ventilation.

Analyses according to the prospectively identi-
fied admission group (trauma, surgical nontrauma,
and medical nontrauma) were performed similarly
to those in the overall population. The final analy-
ses were based on a two-sided significance level
of 0.05.

RESULTS

STUDY POPULATION
We enrolled 1460 patients, of whom 733 were ran-
domly assigned to receive epoetin alfa and 727 to
receive placebo (Fig. 1). In total, 94.3% of patients
completed the study through day 29 (95.2% of
patients in the epoetin alfa group and 93.4% of
patients in the placebo group), 90.9% through day
42 (93.2% and 88.6%, respectively), and 82.9%
through day 140 (84.3% and 81.6%, respectively).
Overall, 140 patients (9.5%) discontinued the study
drug: 61 patients in the epoetin alfa group (8.3%)
and 79 in the placebo group (10.9%). Five of these
patients died after discontinuation (three in the
epoetin alfa group and two in the placebo group).
A total of 109 patients (7.5%) were lost to follow-

up, 55 in the placebo group (7.6%) and 54 in the
epoetin alfa group (7.4%).

After the study was completed and the data-
base was locked, we established the status of 26
of the 109 patients who had been lost to follow-up
(11 in the epoetin alfa group and 15 in the pla-
cebo group). Of these 26, 5 patients had died (3 in
the epoetin alfa group and 2 in the placebo group).
In our analyses, these 26 patients were considered
to be lost to follow-up.

The characteristics of the patients in the two
study groups were similar at enrollment (Table 1).
However, surgical patients and medical patients
were older than trauma patients (mean age [+SD],
64+14 years and 60%16 years, respectively, vs.
41%17 years) and more had one or more coexisting
conditions (89.1% and 89.3%, respectively, vs.
32.2%). Within each of the three admission groups,
patients in the epoetin alfa group and the placebo
group had similar baseline characteristics.

Among patients receiving epoetin alfa, 28.2%
received one dose during the study, 32.2% received
two doses, and 38.9% received three doses. Twelve
patients (seven in the placebo group and five in the
epoetin alfa group) did not receive study medi-
cation.

RED-CELL TRANSFUSION
There was no significant difference between the
groups in the percentage of patients who received
a red-cell transfusion (46.0% in the epoetin alfa
group vs. 48.3% in the placebo group; relative risk,
0.95; 95% confidence interval [CI], 0.85 to 1.06;
P=0.34) (Table 2). Among patients who received
a red-cell transfusion, there was no significant
difference between the epoetin alfa group and
the placebo group for the trauma patients, for the
surgical nontrauma patients, or for the medical
nontrauma patients. In the analysis in which pa-
tients who discontinued the study drug or were
lost to follow-up were considered to have received
a transfusion, there were fewer patients receiving a
transfusion in the epoetin alfa group than in the
placebo group (52.7% vs. 57.1%; relative risk, 0.92;
95% CI, 0.84 to 1.01; P=0.08). There was no sig-
nificant difference between the two study groups
in the total number of red-cell units transfused
or the transfusion rate (Table 2).

Transfusion practices appeared to be similar in
the two study groups. The mean pretransfusion
hemoglobin concentration was 8.0+1.0 g per deci-
liter in the placebo group and 8.2+0.9 g per deci-
liter in the epoetin alfa group, and the hemoglo-
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95,322 Patients were assessed for eligibility

89,154 Were not eligible
24,871 Were expected to be discharged
in <48 hr
14,798 Had hemoglobin concentrations
=12 g/dl
10,876 Had thromboembolism
9,806 Had acute ischemic heart disease
7,845 Had a stay of >48 hr in a transfer-
ring hospital’s ICU
4,992 Had undergone dialysis
4,903 Had acute gastrointestinal bleeding
2,407 Had seizure
1,961 Were receiving red-cell transfusion
1,872 Had received erythropoietin
previously
891 Were younger than 18 yr
624 Were enrolled in another study
446 Had a left ventricular assist device
446 Had hypertension
2,416 Were ineligible for other reasons

6168 Were eligible

2581 Were not approached for consent

2127 Did not provide written informed consent

1460 Were randomly assigned
to a study group

733 Were assigned to receive

epoetin alfa
54 Were lost to follow-up
61 Discontinued the study drug
42 Withdrew
-]

2 Were withdrawn by
investigator
17 Had other reasons

618 Completed the study

727 Were assigned to receive

placebo
55 Were lost to follow-up
79 Discontinued the study drug
61 Withdrew
— 1 Was withdrawn by

investigator
1 Became pregnant
16 Had other reasons

593 Completed the study

Figure 1. Screening and Enrollment of Study Patients.

notes intensive care unit.

Patients were considered lost to follow-up if they could not be contacted after discharge from the hospital. ICU de-

bin concentrations before the first transfusion
and at subsequent transfusions were similar. Only
13.4% of patients received a transfusion when their
hemoglobin concentration was above 9.0 g per
deciliter. A total of 74.8% of patients in the epo-
etin alfa group and 77.2% in the placebo group

received red-cell transfusions to maintain a hemo-
globin concentration between 7 g per deciliter and
9 g per deciliter. A total of 11.4% of patients in
the placebo group and 11.6% in the epoetin alfa
group received transfusions for acute bleeding.
Before randomization, 56.2% of patients (54.6%
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Table 1. Baseline Characteristics.*

Characteristic
Age —yr
Sex — no. (%)
Male
Female
APACHE Il score
Injury Severity Score
Revised Trauma Score
Trauma Injury Severity Score
Glasgow Coma Score — no. (%)
<8
9-12
=13
Mechanical ventilation on day 1 — no. (%)
Admission group — no. (%)
Trauma
Surgical, nontrauma
Medical, nontrauma
Type of trauma — no. (%)
Penetrating
Blunt
Specific diagnosis on admission — no. (%)
Postoperative care
Trauma
Neurologic disease
Cardiovascular disease
Respiratory disease
Pneumonia
ARDS
Other
Sepsis
Primary hematologic disease

Other nonsurgical disease

Epoetin Alfa Placebo
(N=733) (N=727)
50.0+19.4 50.7+19.6
459 (62.6) 463 (63.7)
274 (37.4) 264 (36.3)
19.9+7.7 20.0+7.5
28.2+12.6 27.8+12.2
6.29+1.85 6.09+1.95
75.5+27.9 74.7+28.9
149 (38) 153 (41)

25 (6) 33 (9)
217 (56) 183 (50)
506 (69.0) 501 (68.9)
402 (54.8) 391 (53.8)
162 (22.1) 168 (23.1)
169 (23.1) 168 (23.1)
52 (13) 58 (15)
349 (87) 322 (85)
347 (47.3) 321 (44.2)
402 (54.8) 391 (53.8)
182 (24.3) 182 (25.0)
121 (16.5) 115 (15.8)
315 (43.0) 319 (43.9)
110 (15.0) 118 (16.2)
45 (6.1) 40 (5.5)
242 (33.0) 240 (33.0)
95 (13.0) 93 (12.8)
3 (0.4) 8 (1.1)
59 (8.0) 64 (8.8)

in the placebo group and 57.8% in the epoetin
alfa group, P=0.27) received 1 or more red-cell
units (5.9+7.2 in the placebo group and 6.3%7.3
in the epoetin alfa group, P=0.43).

HEMOGLOBIN CONCENTRATION
At day 29, the increase in the hemoglobin concen-
tration from baseline was greater in the epoetin
alfa group than in the placebo group (1.6£2.0 g
per deciliter vs. 1.2+1.8 g per deciliter, P<0.001),
as was the absolute hemoglobin concentration

(11.2+1.8 g per deciliter vs. 10.8+1.7 g per decili-
ter, P<0.001). By day 42, the hemoglobin concen-
trations in the two study groups were not signifi-
cantly different. The reticulocyte count increased,
paralleling the increase in the hemoglobin con-
centration during the study, peaking at day 22.

MORTALITY
Mortality at day 29 (Fig. 2) was significantly low-
er in the epoetin alfa group than in the placebo
group (8.5% vs. 11.4%, P=0.02), according to
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Table 1. (Continued.)

Characteristic

Medical history — no. (%)
=1 Coexisting condition
Autoimmune disease
Cardiac disease

Myocardial infarction
Myocardial ischemia

Chronic pulmonary disease
Chronic renal disease
Diabetes mellitus
Hypercholesterolemia
Hypertension
Liver disease
Solid tumor
Peripheral vascular disease
Primary hematologic disease
Venous insufficiency

Laboratory value
Hemoglobin — g/dI
Reticulocytes — %
Erythropoietin — mU/ml
Iron — pg/dl
Ferritin — ng/ml
Transferrin saturation — %

Creatinine — mg/d|

Epoetin Alfa Placebo
(N=733) (N=727)
429 (58.5) 421 (57.9)
25 (3.4) 36 (5.0)
177 (24.1) 166 (22.8)
53 (7.2) 54 (7.4)
45 (6.1) 43 (5.9)
158 (2 6) 168 (23.1)
8(5.2) 37 (5.1)
130 (17.7) 138 (19.0)
128 (17.5) 133 (18.3)
307 (4 9) 294 (40.4)
3 (4.5) 43 (5.9)
59 (8.0) 67 (9.2)
(5 2) 39 (5.4)
1(L5) 16 (2.2)
11 (1.5) 14 (1.9)
9.6+1.2 9.6+1.1
2.0+4.0 1.8+1.2
71.3£57.9 69.6+69.4
24.8+27.3 24.3+27.6
510+919 540+1267
14.9+15.9 14.7+16.4
1.0+0.6 1.0+0.6

* Plus—minus values are means +SD. Subcategories of specific diagnosis on admission and medical history are not mu-
tually exclusive. There was a small number of missing values for some variables. The Acute Physiology and Chronic
Health Evaluation (APACHE II) score ranges from 0 to 71, with higher scores indicating more severe illness. The Injury
Severity Score ranges from 0 to 75, with higher scores indicating more severe injury. The Revised Trauma Score is de-
rived from the score on the Glasgow Coma Scale, the systolic blood pressure, and the respiratory rate, with scores
ranging from 0 to 7.84 and higher scores indicating a higher probability of survival. The Glasgow Coma Scale ranges
from 3 to 15, with higher scores correlated with less brain injury. Data on the Injury Severity Score, the Revised Trauma
Score, the Trauma Injury Severity Score, the Glasgow Coma Scale, and type of injury were collected for trauma patients
only. To convert values for iron to micromoles per liter, multiply by 0.1791. To convert values for creatinine to micro-

moles per liter, multiply by 88.4.

Kaplan—Meier estimates. In the trauma group,
mortality was also significantly lower in the
epoetin alfa group than in the placebo group
(3.5% vs. 6.6%, P=0.04). The mortality pattern
was similar at day 140, both among all patients
(14.2% in the epoetin alfa group vs. 16.8% in the
placebo group, P=0.08) and among the trauma
patients alone (6.0% vs. 9.2%, P=0.08). In the Cox
model, the hazard ratios for mortality in the over-
all population tended toward significance; the
mortality hazard ratios for the trauma patients
were significant at day 29 and day 140 (Table 3).

The interaction between the admission group
and study group was not significant (P=0.16),
confirming that our findings regarding mor-
tality are consistent among the three admission
groups.

The trauma patients in the epoetin alfa group
and those in the placebo group had similar base-
line characteristics, including those related to
trauma (Table 1). There was no relationship be-
tween the survival outcome with epoetin alfa and
the Injury Severity Score, the score on the Glas-
gow Coma Scale, or the diagnosis on admission.
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Table 2. Summary of Data on Red-Cell Transfusion.*

Surgical, nontrauma
Medical, nontrauma

Units transfused per patient

Transfusion ratei:

Epoetin Alfa Placebo Relative Risk
Variable (N=733) (N=727) (95% CI) P Value
Patients receiving a transfusion — no. (%) 337 (46.0) 351 (48.3) 0.95 (0.85-1.06) 0.34
Admission group — no./total no. (%)
Trauma 215/402 (53.5) 216/391 (55.2)  0.97 (0.85-1.10)

59/162 (36.4)
63/169 (37.3)

Mean 4.5+4.6

Median 3.0
Total no. of days alive 10,073
Total no. of units transfused 1525

0.15+0.09

74/168 (44.0)
61/168 (36.3)

0.83 (0.63-1.08)
1.03 (0.78-1.36)

43243 0.42
3.0 0.69F
10,879
1530
0.14x0.18 0.36§

* Plus—minus values are means +SD.

T The P value was calculated with the use of the Wilcoxon-Mann-Whitney test.
I Transfusion rate was defined as the total number of units transfused divided by the total number of days alive.

§ The P value was calculated with the use of the t-test.

ADVERSE EVENTS

At least one adverse event occurred in 94.4% of pa-
tients in the placebo group and in 94.8% of pa-
tients in the epoetin alfa group. Similarly, 43.5%
of patients receiving placebo and 44.0% of those
receiving epoetin alfa had a serious adverse event
(Table 4). There was an increased incidence of
thrombotic vascular events among the patients in
the epoetin alfa group as compared with those in
the placebo group (16.5% vs. 11.5%; hazard ratio,
1.41; 95% CI, 1.06 to 1.86; P=0.008). Post hoc
analyses showed that the incidence of thrombot-
ic vascular events in the epoetin alfa group as com-
pared with the placebo group was increased among
patients who did not receive heparin at baseline
(20.3% vs. 12.8%; hazard ratio, 1.58; 95% CI,
1.09 to 2.28; P=0.008) but not among those
who received heparin at baseline (12.3% vs. 10.2%;
hazard ratio, 1.16; 95% CI, 0.75 to 1.80; P=0.41).
Similar trends in thrombotic vascular events were
found among patients in each of the three ad-
mission groups. The increase in the incidence of
thrombotic vascular events was most apparent
among patients who received three doses of epo-
etin alfa, as compared with those who received
three doses of placebo (22.8% vs. 16.1%, P=0.048),
although the trend was similar (albeit not sig-
nificant) for those receiving one dose (11.1% vs.
6.5%, P=0.31) and for those receiving two doses
(13.6% vs. 9.5%, P=0.19).

One patient who received a single dose of epo-
etin alfa tested positive for antibodies to erythro-
poietin at day 7 and day 140. A follow-up blood
specimen collected on day 240 was positive for
antibodies to erythropoietin but negative for eryth-
ropoietin-neutralizing antibody, which was not
tested for on day 7 and day 140. That patient had
no adverse outcomes.

LENGTH OF STAY AND USE OF MECHANICAL
VENTILATION

There was no significant difference between the
epoetin alfa group and the placebo group in the
median lengths of stay in the ICU (8 days and
7 days, respectively; P=0.43) and in the hospital
(15 days in both groups, P=0.43).

At day 140, mechanical ventilation had been
discontinued for 96.6% of patients receiving epo-
etin alfa and 98.4% of patients receiving placebo
(P=0.02). However, the epoetin alfa group and the
placebo group had a similar number of ventilator-
free days (29.0%15.5 and 28.7+14.9, respectively;
P=0.72) and a similar median duration of me-
chanical ventilation (15 days and 14 days, respec-
tively; P=0.10).

DISCUSSION

Two previous trials involving critically ill patients
showed that treatment with epoetin alfa reduced
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the number of red-cell transfusions and raised
the hemoglobin concentration.'*2 In the present
study, we found no reduction in the incidence of
red-cell transfusions in the epoetin alfa group, an
unexpected finding. A likely explanation for this
lack of reduction is a change in transfusion prac-
tice. In the previous trials, the mean pretransfu-
sion hemoglobin concentration was 8.5 g per deci-
liter, consistent with observational studies at the
time.>* In the present study, the mean pretrans-
fusion hemoglobin concentration was 0.5 g per
deciliter lower, at 8.0 g per deciliter.

The percentage of patients in the placebo group
who received a transfusion fell from 60% in the
previous trials to approximately 50%, similar to
the percentage of patients in the epoetin alfa
group who received a red-cell transfusion in this
study and in the earlier trials.***2 The decrease in
the percentage of patients receiving a transfusion
was greatest among medical and surgical patients,
who had a 20% decrease as compared with those
reported in prior trials. Our results suggest that
efforts to limit transfusion in the critically ill,
made after the publication of the Transfusion Re-
quirements in Critical Care (TRICC) trial,> have
affected clinical practice. Our finding that pa-
tients who received epoetin alfa therapy had a
greater increase in hemoglobin concentration
than those who received placebo suggests that
epoetin alfa had the expected hematopoietic ef-
fect, despite the lack of a reduction in the inci-
dence of transfusion.

The most important finding in the current trial
is the reduction in mortality among patients who
received epoetin alfa as compared with those who
received placebo, which was most apparent in the
trauma patients. Our previous trial'? also showed
decreased mortality among trauma patients treat-
ed with epoetin alfa as compared with placebo
(4.8% vs. 10.4%; odds ratio, 0.43; 95% CI, 0.23
to 0.81). In that trial, the trauma, surgical non-
trauma, and medical nontrauma admission groups
were not prospectively identified, nor was random-
ization stratified according to these groups. As a
result, patients within these groups who received
epoetin alfa were not necessarily similar to those
who received placebo, and multivariate analysis
suggested that mortality was not affected by study
group or admission group.

In the current trial, randomization was strat-
ified according to the admission group identified
in the earlier trial. The decreased mortality that
we found among trauma patients who received

100+
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Figure 2. Kaplan—Meier Estimates of Mortality through Day 29 for the 733
Patients Receiving Epoetin Alfa and the 727 Patients Receiving Placebo.

Stratified Kaplan—Meier estimates were calculated with the use of the
Greenwood formula for the corresponding standard error for survival rate
and with the use of the inverse-variance approach to standardize the test
statistics accounting for the three admission groups (trauma, medical, and
surgical) (see the Supplementary Appendix, available with the full text of
this article at www.nejm.org). The Kaplan—Meier estimates for trauma pa-
tients were similar to those shown in the figure, with a P value of 0.04. The
number of patients who died was 62 in the epoetin alfa group (8.5%) and
83 in the placebo group (11.4%). Data were censored for 667 patients in
the epoetin alfa group (91.0%) and 638 in the placebo group (87.8%).

epoetin alfa in the previous trial was replicated
in the present trial: the study groups were similar,
and the decreased mortality was confirmed by the
adjusted hazard ratio. Taken together, the previ-
ous and present trials suggest a decreased mor-
tality with epoetin alfa for trauma patients who
are in the ICU for more than 48 hours. In contrast,
no significant reduction in mortality was seen
among surgical and medical patients receiving
epoetin alfa. It is unclear whether this is because
the study was underpowered for nontrauma pa-
tients or whether in fact only certain subgroups
within the medical or surgical populations have
a benefit.

Our prestudy hypothesis was that improvement
in clinical outcome with the use of epoetin alfa
would result from the prevention of adverse effects
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Table 3. Mortality at Day 29 and Day 140 in the Intention-to-Treat Population.

Group

Day 29

All patients

Admission group
Trauma
Surgical, nontrauma
Medical, nontrauma

Day 140

All patients

Admission group
Trauma
Surgical, nontrauma

Medical, nontrauma

Epoetin Alfa

Placebo

no. /total no. (%)

62/733 (8.5)

14/402 (3.5)
10/162 (6.2)
38/169 (22.5)

104/733 (14.2)

24402 (6.0)

27/162 (16.7)
53/169 (31.4)

83/727 (11.4)

26/391 (6.6)
14/168 (8.3)
43/168 (25.6)

122/727 (16.8)

36/391 (9.2)

27/168 (16.1)
59/168 (35.1)

Hazard Ratio (95% Cl)*

Unadjusted

0.73 (0.53-1.02)

0.52 (0.27-0.99)
0.73 (0.33-1.65)
0.88 (0.57-1.36)

0.83 (0.64-1.08)
0.63 (0.38-1.06)

1.02 (0.60-1.74)
0.88 (0.60-1.27)

Adjusted

0.79 (0.56-1.10)

037 (0.19-0.72)
0.70 (0.31-1.63)
1.04 (0.65-1.67)

0.86 (0.65-1.13)
0.40 (0.23-0.69)

0.91 (0.52-1.60)
0.99 (0.66-1.49)

* The unadjusted hazard ratio is from a Cox regression with study group as the only covariate. The adjusted hazard ratio
is from a Cox regression with study group, age, sex, admission group, Acute Physiology and Chronic Health Evaluation
(APACHE 1) score, baseline hemoglobin, iron, and serum creatinine concentrations, types of coexisting conditions,
and Injury Severity Score (for trauma patients) as covariates.

of transfused red cells. This was clearly not the
case. The reduction in mortality was found in the
absence of a reduction in the incidence of trans-
fusion. Similarly, the timing of both the decreased
mortality and the moderate degree of increase in
hemoglobin concentration makes it unlikely that
the increase in hemoglobin was responsible for the
reduction in mortality. A more likely explanation
is nonhematopoietic effects of epoetin alfa.
Erythropoietin has actions other than stimula-
tion of the bone marrow to produce mature eryth-
rocytes. It acts as a cytokine with antiapoptotic
activity.*>5 In this role, erythropoietin has been
shown in preclinical and small clinical studies to
protect cells from hypoxemia and ischemia. Mul-
tiple tissues express erythropoietin and the eryth-
ropoietin receptor in response to stress and also
to mediate local stress responses. These nonhema-
topoietic activities of erythropoietin in the pro-
tection of cells suggest a role for erythropoietin
in critically ill patients.’® Apoptosis is important
in the pathogenesis of many critical illnesses, such
as sepsis and multiple-organ failure. Similar mech-
anisms may also be involved in mediating injury
in trauma patients. Could the antiapoptotic activ-
ity of erythropoietin result in improved outcomes
in critically ill patients? Although our current study

does raise this possibility, further preclinical
and clinical studies will be necessary to estab-
lish the mechanism responsible for the effects of
epoetin alfa.

Trials in other populations (patients with can-
cer and those with chronic renal failure) that
aimed to achieve target hemoglobin concentra-
tions above 12 g per deciliter with the use of epo-
etin alfa have reported an increase in the risk of
thrombotic complications and death.1®*° Patients
with a history of thrombotic events were excluded
from the present trial; however, we still observed
an increase in the incidence of thrombotic events
with epoetin alfa. In contrast to studies of eryth-
ropoietin in patients with cancer and those with
renal failure, the findings in this trial are notable
in two respects: first, the increase in the incidence
of thrombotic events occurred with a hemoglobin
target below 12 g per deciliter; and second, the
duration of therapy was brief (three or fewer dos-
es). A post hoc analysis did not show an increase
in the incidence of thrombotic events among pa-
tients receiving epoetin alfa who also received
heparin (prophylactic or therapeutic). An increase
in the incidence of thrombotic events was not
noted in our previous trials.1*12

In conclusion, despite the lack of reduction in
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the incidence of red-cell transfusion, we found a . .
. R . Table 4. Serious Adverse Events.*

decrease in mortality among trauma patients who
received epoetin alfa, consistent with our previ- Epoetin Alfa  Placebo
ous observations.1? This may suggest that epoe- | Event (N=728) (N=720) P Value
tin alfa has actions distinct from hematopoiesis. no. of patients (%)
On the basis of the available data, we believe that | Any 320 (44.0) 313 (43.5) 0.87
epoetin alfa could benefit trauma patients remain- | Respiratory-system disorders
ing in an ICU for more than 48 hours and who Respiratory insufficiency 20 (2.7 37 (5.1) 0.02
have hemoglobin concentrations below 12 g per

. . . Dyspnea 12 (1.6) 15 (2.1) 0.57
deciliter and no history of thrombotic disease, : —
provided they meet all the other inclusion crite- | Resistancemechanism disorders
ria and do not have any of the exclusion criteria Sepsis 47 (63) 50 (6.9) 0.67
in the study. However, our present data suggest Abscess 20 (2.7) 13 (1.8) 0.29
that, without further study, epoetin alfa should | Multiple-organ failure 18 (2.5) 16 (2.2) 0.86
not be administered before a patient has been in | ciinically relevant thrombotic 120 (165) 83 (1L5) 0.008
the ICU for 48 hours, since administration early vascular event
in the course may alter the risk—benefit ratio. Pulmonary embolism 16 (2.2) 12 (1.7) 0.57
’I:he used ij ep((i)etm lillfa 1 nOF }slupported for p‘?l' Deep venous thrombosis 63 (8.7) 42 (5.8) 0.04
Uent_s admitte .tO t e ICU ,Wlt a nontraumatic Cerebrovascular event 14 (1.9) 16 (2.2) 0.72
surgical or medical diagnosis, unless they have an Mvocardial infarcti 501 08 0.08
approved indication for epoetin alfa. yocardial infarction > (21 6(08) :

Further study is needed to explore possible Cardiac arrest or ventricular 15 (2.1) 12 (1.7) 0.69

. . fibrillation

mechanisms that are responsible for the effects

of epoetin alfa and to determine whether other
critically ill patients might benefit from epoetin
alfa therapy. Furthermore, our results increase the
concern about thrombotic complications associ-
ated with epoetin alfa, and our post hoc analy-
sis suggests that prophylactic heparin could be
considered for critically ill patients receiving epo-
etin alfa.

* The serious adverse events listed are those that occurred in more than 2% of
patients in either study group. One patient in the epoetin alfa group who had
received one dose had a positive scheduled mammogram at the day-140 visit.
Biopsy of the lesion showed ductal carcinoma.
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APPENDIX

Members of the Erythropoietin (EPO) Critical Care Trial Group were as follows: Bay Area Chest Physicians, Clearwater, FL: D. Amin; Univer-
sity of North Dakota, Grand Forks: D. Antonenko; Saint Louis University, St. Louis: J. Bailey; Kettering Medical Center Network, Kettering, OH: R.
Barker; University of Michigan Medical Center, Ann Arbor: R. Bartlett; Fairview University, Minneapolis: G. Beilman; Madrona Medical Group, Belling-
ham, WA: D. Berry; Orlando Regional Medical Center, Orlando, FL: E. Block; R. Adams Cowley Shock Trauma Center, University of Maryland, Baltimore:
G. Bochicchio; Medical College of Wisconsin, Milwaukee: K. Brasel; Marietta Pulmonary Medicine-Wellstar Kennestone, Marietta, GA: W. Bray; Cali-
fornia Pacific Medical Center, San Francisco: C. Brown; St. Vincent's Hospital, New York: C. Carpati; Santa Teresa Hospital, San Jose, CA: E. Cheng;
United Health Services Hospitals, Johnson City, NY: M. Chisdak; University of California at Irvine, Orange: M. Cinat; York Hospital, York, PA: K. Clancy;
University of California at San Diego Medical Center, San Diego: R. Coimbra; Louisiana State University Health Sciences Center, Shreveport: S. Conrad;
Hershey Medical Center, Hershey, PA: R. Cooney; University of Wisconsin Medical Center, Madison: D. Coursin; Missouri Baptist Medical Center, St.
Louis: M. Cox; University of Cincinnati, Cincinnati: K. Davis, Jr.; West Virginia University, Morgantown: H. Dedhia; University of Texas Health Science
Center, San Antonio: D. Dent; Memorial Hospital of Rhode Island, Pawtucket: V.A. DePalo; Morristown Memorial Hospital, Morristown, NJ: L.T. Di-
Fazio, Jr.; Denver Health and University of Colorado Health Sciences, Denver: 1. Douglas; Research for Health in Erie County, Buffalo, NY: A. El-Solh;
University of Tennessee, Memphis: T. Fabian; Inova—Fairfax Hospital, Falls Church, VA: S. Fakhry; Baptist Medical Center, San Antonio, TX: P. Fornos;
Overlake Hospital Medical Center, Bellevue, WA: T. Freudenberger; University of Florida—Shands Hospital, Gainesville: T.J. Gallagher; New York Meth-
odist Hospital, Brooklyn: L. George; Cooper University Hospital, Camden, NJ: D. Gerber; Duke University Medical Center, Dutham, NC: J. Govert;
Legacy Health System, Portland, OR: K.D. Gubler; George Washington University Medical Center, Washington, DC: G. Gutierrez; Massachusetts General
Hospital, Boston: R.S. Harris; Spectrum Health Downtown Campus, Grand Rapids, MI: M.J. Harrison; South Alabama Medical Science Foundation,
Mobile: M. Hassan; St. Elizabeth’s Medical Center, Brighton, MA: G. Hayes; Brooke Army Medical Center, Fort Sam Houston, San Antonio, TX: J. Hayes;
University of Massachusetts Memorial Medical Center, Worcester: S.O. Heard; Baystate Medical Center, Springfield, MA: T. Higgins; Henry Ford Medical
Center, Detroit: H.M. Horst; Sutter Health, Sacramento, CA: D.P. Ikeda; Emory Healthcare—Emory University School of Medicine, Atlanta: K. Kalassian;
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St. Vincent's Hospital Worcester Medical Center, Worcester, MA: D. Kaufman; University of Kentucky Chandler Medical Center, Lexington: P. Kearney; St.
Luke's—Roosevelt Hospital, New York: H. Khouli; University of Oklahoma, Oklahoma City: G.T. Kinasewitz; University Medical Center, Tucson, AZ: S.
Knoper; Mount Sinai School of Medicine, New York: R. Kohli-Seth; Rhode Island Hospital, Providence: M. Levy; St. Thomas Hospital, Nashville: R.
Light; Wake Forest University Health Sciences, Winston-Salem, NC: D. MacGregor; West Suburban Hospital, Oak Park, IL: B. Margolis; Harris Method-
ist Fort Worth Hospital, Fort Worth, TX: L.H. Martinez; Vanderbilt University Medical Center, Nashville: A. May; Oregon Health & Science University,
Critical Care, Portland: J. Mayberry; Washington University School of Medicine, St. Louis: J. Mazuski; Alta Bates Summit Medical Center, Berkeley, CA:
J. McFeely; St. Jude Medical Center, Fullerton, CA: L. McNabb; Tulane University School of Medicine, New Otleans: N. McSwain; University of Alabama
Hospital, Birmingham: S. Melton; Memorial Medical Center, Johnstown, PA: S.L. Miller; University of Kansas Medical Center, Kansas City: M. Mon-
cure; Bay Medical Center, Panama City, FL: T. Moriarty; Memorial Health University Medical Center, Savannah, GA: S. Morris; Wilford Hall Medical
Center, Lackland Air Force Base, TX: D. Mueller; Harborview Medical Center, Seattle: M. Neff; King’s County Hospital, Brooklyn, NY: P. O’Neill; North
Shore University Hospital, Manhasset, NY: D. Ost; Texas Tech University Health Science Center, Odessa: L. Oud; University of Rochester Medical Center,
Rochester, NY: P.J. Papadakos; Naval Medical Center San Diego, San Diego, CA: J.S. Parrish; Stanford University Medical Center, Stanford, CA: R. Pearl;
Sacred Heart Hospital, Pensacola, FL: D. Phillips; University of Louisville, Louisville, KY: H. Polk; Pulmonary Consultants and Primary Care Physicians’
Medical Group, Orange, CA: J. Preston; University of Pittsburgh Medical Center, Pittsburgh: J.C. Puyana; Memorial Hospital, Colorado Springs, CO:
R. Rains; Dartmouth—Hitchcock Medical Center, Lebanon, NH: A. Rassias; Maine Medical Center, Portland: R. Riker; Brigham and Women’s Hospital,
Boston: S. Rogers; University Hospitals of Cleveland, Cleveland: J. Rowbottom; Chest and Critical Care Consultants—Research Division, Anaheim, CA:
D.V. Savani; Creighton University Medical Center, Omaha, NE: D. Schuller; University of Miami, Ryder Trauma Center, Miami: C. Schulman; Arizona
Pulmonary Specialists, Phoenix: S. Shahryar; Englewood Hospital and Medical Center, Englewood, NJ: A. Shander; Stony Brook University Hospital and
Medical Center, Stony Brook, NY: M. Shapiro; Hahnemann University Hospital, Philadelphia: M. Sherman; Yale School of Medicine, New Haven, CT:
M. Siegel; Northside Respiratory Care, Atlanta: H. Silverboard; University of Maryland Hospitals, Baltimore: H. Silverman; Piedmont Respiratory
Research Foundation, Greensboro, NC: D. Simonds; Winthrop University Hospital, Mineola, NY: P. Spiegler; Presbyterian Hospital, Charlotte, NC:
J. Spiers; Southern Illinois University School of Medicine, Springfield: J. Sutyak; Sarasota Memorial Health Care System, Sarasota, FL: J.W. Swisher;
MeritCare Hospital, Fargo, ND: M. Tieszen; Arizona Pulmonary Specialists, Scottsdale: A.J. Tillinghast; University of Virginia Health Systems, Charlottes-
ville: J. Truwit; St. Vincent's Hospital and Health Centers, Carmel, IN: P. Vohra; Santa Barbara Cottage Hospital, Santa Barbara, CA: K. Waxman;
Northwestern Memorial Hospital, Chicago: M. West; University of lowa, lowa City: L. Wibbenmeyer; Grand Valley Internal Medicine, Grand Rapids, MI:
J. Wilt; Arizona Pulmonary Specialists, Phoenix: S. Wright; Evanston Northwestern Healthcare, Evanston, IL: T. Wynnychenko; Queen’s Medical Center,
Honolulu: M. Yu; John Peter Smith Hospital, Fort Worth, TX: D. Ziegler. Other participants in the study were as follows: Principal Investigators
— Dartmouth—Hitchcock Medical Center, Lebanon, NH: H.L. Corwin, A. Gettinger; Data and Safety Monitoring Board — State University of New
York, Stony Brook: M. Parker, chair; Rush—Presbyterian—St. Luke's Medical Center, Chicago: R. Balk; Pennsylvania Oncology—Hematology Associates,
Philadelphia: D. Henry; Massachusetts General Hospital, Boston: D. Schoenfeld; Independent Statistical Review — Harvard School of Public Health,
Boston: L.-J. Wei; Data Management — BattelleCRO, Newton, MA; Study Sponsor — Johnson & Johnson Pharmaceutical Research and
Development, Raritan, NJ.
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