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rythropoietin (EPO) may reduce mortality after traumatic brain injury (TBI). Secondary brain injury is exacerbated by multiple
trauma, and possibly modifiable by EPO. We hypothesized that EPO decreases mortality more in TBI patients with multiple
trauma, than in patients with TBI alone.
METHODS: A
 post hoc analysis of the EPO-TBI randomized controlled trial conducted in 2009 to 2014. To evaluate the impact of injuries out-
side the brain, we calculated an extracranial Injury Severity Score (ISS) that included the same components of the ISS, excluding
head and face components. We defined multiple trauma as two injured body regions with an Abbreviated Injury Scale (AIS) score
of 3 or higher. Cox regression analyses, allowing for potential differential responses per the presence or absence of extracranial
injury defined by these injury scores, were used to assess the effect of EPO on time to mortality.
RESULTS: O
f 603 included patients, the median extracranial ISSwas 6 (interquartile range, 1–13) and 258 (43%) had an AIS score of 3 or higher
in at least two body regions. On Cox regression, EPOwas associated with decreasedmortality in patients with greater extracranial ISS
(interaction p = 0.048) and weakly associated with differential mortality with multiple trauma (AIS score > 3 or in two regions, in-
teraction p = 0.17). At 6 months in patients with extracranial ISS higher than 6, 10 (6.8%) of 147 EPO-treated patients compared
with 26 (17%) of 154 placebo-treated patients died (risk reduction, 10%; 95% confidence interval, 2.9–17%; p = 0.007).
CONCLUSION: I
n this post hoc analysis, EPO administration was associated with a potential differential improvement in 6-month mortality
in TBI patients with more severe extracranial injury. These findings need confirmation in future clinical and experimental
studies. (J Trauma Acute Care Surg. 2017;83: 449–456. Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: T
herapeutic study, level III.
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T rauma is a major medical problem worldwide with in-
creasing incidence especially in younger individuals.1

Early trauma deaths are mainly related to hemorrhagic shock
and catastrophic brain injury, whereas multiorgan failure
(MOF) and sepsis are important contributors to late deaths.2

One possible mechanism behind MOF is an intense inflam-
matory response mediated by the synthesis of cytokines
and complement activation.3 The magnitude of the inflam-
matory response is related to injury severity.3 Erythropoietin
(EPO) attenuates the inflammatory response in experimental
animal models of ischemia and reperfusion.4–7 As such, EPO
has emerged as a potential treatment in critically ill patients
with trauma.8

The EPO in traumatic brain injury (TBI) trial enrolled
606 patients with moderate to severe TBI between 2010 and
2014.9 Although the study did not demonstrate any improve-
ment in functional neurologic outcome at 6 months after injury,
a possible decrease in mortality at 6 months was observed in a
prespecified sensitivity analysis adjusting for covariates. Given
the overall mortality reduction observed with EPO in trauma
patients, we hypothesized that any benefit of EPO would be
more pronounced in patients with multiple trauma and more
severe extracranial injury than in patients with TBI alone.
To test this hypothesis, we conducted a post hoc analysis of
the EPO-TBI study data set.
449

ealth, Inc. All rights reserved.



Skrifvars et al.
J Trauma Acute Care Surg

Volume 83, Number 3
PATIENTS AND METHODS

The current post hoc study and analysis was planned in ac-
cordancewith international recommendations on subgroup anal-
ysis, which are, together with our responses to each individual
criteria, presented in the Supplemental digital content (see Tables
and Figures, Supplemental Digital Content 1, http://links.lww.
com/TA/A978).10 A detailed description of the main EPO-TBI
study data set has been published previously.11 EPO-TBI was a
multicenter, multinational, randomized, double-blind, parallel-
group, placebo controlled trial that enrolled 606 patients with
nonpenetrating moderate (best postresuscitation, preintubation
Glasgow Coma Scale [GCS] score, 9–12) or severe (GCS score,
3–8) TBI.9 Patients were randomized to receive either weekly
doses of 40,000 IU of epoetin alfa (Eprex Janssen-Cilag Pty
Ltd, Titusville, NJ) or placebo (0.9% sodium chloride) up to
three doses or until intensive care unit (ICU) discharge.

Data Collection
Patient data were collected using a Web-based case record

form. Collected data included patient characteristics, injury
mechanism, prehospital care, and immediate hospital manage-
ment.11 Specific data enabling the calculation of the Interna-
tional Mission for Prognosis and Analysis of Clinical Trials in
TBI (IMPACT-TBI) risk for poor 6-month outcome, the Injury
Severity Score (ISS), the Abbreviated Injury Scale (AIS) and
Acute Physiology and Chronic Health Evaluation (APACHE)
score, were obtained prospectively.

Definition of Multiple Trauma and Classification
of Extracranial Injury Severity

All patient injuries were anatomically categorised per the
AIS. Six ISS body regions were assessed: head or neck, face, tho-
rax, abdominal or pelvic contents, extremities or pelvic girdle, and
external. For the current study, we defined the presence of multiple
trauma as anAIS classification of three (serious) or higher in two or
more ISS body regions. This approach is consistent with recent in-
ternational reviews.12,13We also calculated a novel extracranial ISS
that excludes the AIS head and neck and AIS Face components
and is a sum of the three highest remaining ISS components.12

Outcomes
The main outcomes for the current post hoc analyses were

the mortality proportion at 6 months and time to death censored
at 6 months. A trained blinded assessor contacted patients, their
next of kin or carer at 6 months and determined patient survival
status, including neurologic recovery according to the extended
Glasgow Outcome Scale (GOSE).14 Given the increased risk of
thrombotic complications with EPO, we also screened for the
presence of deep venous thrombi in the lower limbs with twice
weekly ultrasound examinations.11

Statistical Analysis and Sample Size
The statistical analysis plan for the present analysis mir-

rored the plan developed for the main study.15 Categorical data
are presented as numbers and percentages and compared using
a χ2 tests. Absolute risk reduction in mortality between treat-
ment and control group was calculated with 95% confidence in-
tervals (CI). Numerical data are presented as medians with
interquartile ranges (IQR) in parentheses and compared using
450
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the Mann-Whitney U test. A Cox regression model for time to
mortality was developed including all predefined covariates
identical to that used in the EPO-TBI study.15 In addition, as
in the original study, we also performed simple modelling in-
cluding only treatment (EPO/placebo) and the internationally
validated IMPACT-TBI risk of poor outcome.9,16 Results of
Cox regression analysis are reported as hazard ratios (HR) and
95% CI. Survival rates for patients with and without multiple
trauma are visualized using Kaplan-Meier curves and compared
using a log-rank test. To further explore the robustness of the
definition of multiple trauma, an additional definition was cre-
ated by stratifying the extracranial ISS at the median. Based on
a baseline mortality rate of 16% and a minimum subgroup size
of 250, this subgroup analysis has greater than 80% power to de-
tect an 8% difference in mortality between treatments in any
given subgroup with a two-sided p value of 0.05. Statistical anal-
ysis was performed with SPSS version 22.0 (IBM Corp. Re-
leased 2013, IBM SPSS Statistics for Windows, Version 22.0;
IBM Corp., Armonk, NY) and SAS version 9.4 (SAS Institute
Inc., Cary, NC). A two-sided p value of 0.05 was used to indicate
statistical significance. No adjustment has been made for multi-
ple comparisons.

Ethical Permits, Patient Consent, and
Trial Registration

Ethical approval for the RCT was obtained at all sites.
Patient next of kin or legal representative provided consent
before inclusion in the study. The EPO-TBI trial was reg-
istered at ClinicalTrials.gov (number NCT00987454), the
Australian and New Zealand Clinical Trials Registry (number
ACTRN12609000827235), and European Drug Regulatory
Authorities Clinical Trials (number 011-005235-22).

RESULTS

Study Patients
The EPOTBI study screened 3,384 patients for eligibility.

Of these, 2,778 were excluded and 606 were randomized
(Fig. 1). Consent was withdrawn for three participants leaving
a final study sample of 603 patients. Of these 603 patients,
6-month mortality data were available in 602 patients and the
6-monthGOSEwas available in 596 patients (Fig. 1). Themedian
extracranial ISS was 6 (IQR, 1–13), and 301 (49%) patients had
an extracranial ISS higher than the median of 6 (Fig. 1). Two
hundred fifty-eight (42.8%) patients had an AIS score of 3 or
higher in two regions and were defined as having multiple
trauma (Fig. 1). The characteristics of patients in these subgroups
are described in Appendix (p 1). Patients with more severe extra-
cranial injury were younger, more commonly were injured due
to a motor vehicle accident, more commonly had a severe TBI
and had higher APACHE II score and ISS (Table 1 SDC,
http://links.lww.com/TA/A978). Similar differences were seen
in patients with and without multiple trauma (Table 1 SDC,
http://links.lww.com/TA/A978). Patients with more severe
extracranial injury and multiple trauma had lower blood pres-
sure and lower oxygen saturation during prehospital care
(Table 2 SDC, http://links.lww.com/TA/A978). There were
differences in laboratory parameters and transfusion of blood
products during ICU care in patients with more severe
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 1. Flowchart of patients included in the EPO-TBI trial with and without multiple trauma and more severe extracranial injury.
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extracranial injury and multiple trauma (Table 2 SDC, http://
links.lww.com/TA/A978). There was no significant differ-
ence in TBI severity according to the IMPACT-TBI probabil-
ity of death at 6 months, even though the admission GCS was
lower in patients with multiple trauma than in those without
(Table 1 SDC, http://links.lww.com/TA/A978). Patients with
multiple trauma had more deranged laboratory parameters
on ICU admission and received more blood product transfu-
sions while in the ICU (Table 2 SDC, http://links.lww.com/
TA/A978). There was no difference in the use of intracerebral
pressure (ICP) monitoring or the need for therapy for raised
ICP (Table 3 SDC, http://links.lww.com/TA/A978). Patients
with more severe extracranial injury and multiple trauma less
commonly required a neurosurgical intervention, such as
evacuation of a mass lesion and craniectomy (Table 3 SDC,
http://links.lww.com/TA/A978). Outcome was similar in pa-
tients with more severe extracranial injury and multiple trauma
(Table 4 SDC, http://links.lww.com/TA/A978). Length of stay in
the ICU and in the hospital was significantly longer in patients
with more severe extracranial injury and multiple trauma
(Table 4 SDC, http://links.lww.com/TA/A978). Patients with
more severe extracranial received a median of 2 (2–3) doses of
EPO/placebo, statistically less than patients with less severe
extracranial injury, where the median was 2 (1–3) (p = 0.004).
Similar findings was seen in patients with multiple trauma, with
2 (2–3) doses compared with 2 (1–3) doses in patients without
multiple trauma (p = 0.012).
© 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer H
Among patients with extracranial ISS higher than 6,
147 patients received EPO and 154 received placebo (Fig. 1).
The groups were well balanced with no differences in baseline
characteristics, TBI severity, and overall injury severity (Table 1).
The proportion of patients with AIS head or neck score of 5 or
higher was similar between groups, that is, 34% among
EPO-treated patients and 33.8% among placebo-treated
patients ( p = 0.96). Use of blood products, intensive care,
and neurosurgical care was also similar between groups (Table 2).
A total of 126 patients with multiple trauma received EPO and
132 received placebo (Fig. 1).

The groups were well balanced with no differences in
baseline characteristics, injury mechanism, or severity of
either overall injury or TBI (Table 1). The proportion of
patients with AIS head or neck score of 5 or higher was
similar between groups, that is, 34.9% among EPO-treated
patients and 37.1% among placebo-treated patients (p = 0.71).
Care in the ICU including use of ICP monitoring, and
neurosurgical interventions were also similar between groups
(Table 2). Patients randomized to placebo received a slightly
smaller median total volume of red cell transfusions than
patients receiving EPO (Table 2).

Extracranial Injury
OnCox regression, therewas evidence that EPO treatment

was associated with decreased mortality in patients with greater
extracranial injuries (extracranial ISS > 6, interaction p = 0.048)
451
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TABLE 1. Demographic Data of Multiple Trauma Patients Treated With EPO or Placebo

Extracranial ISS > 6 (n = 301) AIS Score > 2 in Two Body Regions (n = 258)

Characteristics EPO (n = 147) Placebo (n = 154) EPO (n = 126) Placebo (n = 132)

Mean age, y 28.3 (21.2–43.1) 26.5 (21.5–43.9) 27.6 (20.3–43) 26.3 (21.5–46.2)

Female se 24 (16.3%) 25 (16.2%) 20 (16%) 20 (15%)

Weight, kg 78 (70–90) 74 (65–85) 78 (70–90) 75 (65–85)

Geographical region

Australia or New Zealand 80 (59%) 75 (49%) 72 (57.1%) 67 (50.8%)

Europe 21 (14%) 31 (20%) 22 (17.5%) 22 (17.5%)

Saudi Arabia 39 (27%) 48 (31%) 32 (25.4%) 32 (24.2%)

Mechanism of injury

Motor vehicle accident 78 (53%) 93 (60%) 64 (51%) 75 (57%)

Motorcycle 15 (10%) 13 (8%) 14 (11%) 12 (9%)

Bicycle 4 (3%) 8 (5%) 3 (2%) 7 (5%)

Pedestrian 22 (15%) 12 (8%) 20 (16%)* 9 (7%)*

Fall/jump 20 (14%) 19 (12%) 15 (12%) 18 (14%)

Hit by object 3 (2%) 6 (4%) 5 (4%) 6 (5%)

Other 5 (3%) 3 (2%) 5 (4%) 5 (4%)

TBI severity

Moderate TBI (GCS score, 9–12) 30 (20%) 32 (21%) 26 (20.6%) 25 (18.9%)

Severe TBI (GCS score, 3–8) 117 (80%) 122 (79%) 100 (79.4%) 107 (81.1%)

Median GCS score 6 (4–8) 7 (4–8) 7 (4–8) 6 (4–8)

Prehospital characteristics

Systolic blood pressure less than
90 mm Hg

69 (47%) 62 (40%) 61 (48%) 55 (42%)

Peripheral oxygen saturation
less than 90%

46 (31%) 37 (24%) 44 (35%) 34 (26%)

Severity of TBI, illness, and trauma

IMPACT-TBI probability of
6 mo mortality

23.4 (12.4–39.7)
27.3 [18.4]

23.4 (12.4–39.7)
27.8 [19.4]

23.4 (12.4–39.7)
28.1 [18.2]

23.4 (12.4–39.7)
29.3 [19.4]

APACHE II score 21 (16–26) 20 (15–25) 21 (15–26) 20 (16–26)

Abbreviated injury score

Head 4 (3–5) 4 (3–5) 4 (3–5) 4 (3–5)

Face 1 (0–2) 0 (0–2) 1 (0–2) 0 (0–2)

Chest 3 (2–3) 3 (2–3) 3 (3–3) 3 (3–3)

Abdomen/pelvis 0 (0–2) 0 (0–2) 0 (0–2) 0 (0–2)

Extremity 2 (0–2) 2 (1–2) 2 (0–2) 2 (0–3)

External 1 (0–1) 1 (0–1) 1 (0–1) 1 (0–1)

ISS 33 (24–38) 29 (24–38) 34 (27–38) 34 (26.5–38)

*p < 0.05. Regarding the IMPACT TBI risk of poor outcome we have reported both the median (IQR) and mean [SD].
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(Fig. 2). At 6 months, in patients with extracranial ISS higher
than 6, 10 (6.8%) of 147 EPO-treated patients compared with
26 (17%) of 154 placebo-treated patients died (risk reduction,
10%; 95% CI, 2.9–17%; p = 0.007). However, in patients with
extracranial ISSs lower or equal to 6, 22 (13.9%) of 158 EPO-
treated patients compared with 20 (14%) of 143 patients treated
with placebo died (risk reduction, 0.06%; 95% CI, 8.1% reduc-
tion to 7.8% increase; p = 0.99). Multivariate modelling using
the extracranial ISS showed that with an ISS higher than 6 (me-
dian), the use of EPO was associated with decreased mortality
evaluated by Cox regression (HR, 0.35; 95% CI, 0.17–0.74;
p = 0.006) in the full model including all covariates (Fig. 2)
(Table 3), and in a simple model including only the IMPACT
probability of outcome (HR, 0.37; 95% CI, 0.18–0.78;
p = 0.009). With an extracranial ISS of 6 or less, EPO therapy
was not associated with mortality with Cox regression (HR,
452
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0.93; 95% CI, 0.51–1.72; p = 0.84) in the full model, or in a
simple model including only IMPACT probability of poor
outcome (HR, 0.89; 95% CI, 0.49–1.64; p = 0.72) (Fig. 2).
Survival curves in patients treated with EPO and placebo with
an extracranial ISS greater than 6 and lower or equal to 6 are
shown in Figure 3. There was a significant difference in time
to death in patients receiving EPO compared with placebo in
patients with an extracranial ISS greater than 6 with early
divergent of survival curves (p = 0.007), but not in patients
with an extracranial ISS equal to or lower than 6 (p = 0.95)
(Fig. 3). Neurologic outcome at 6 months was available in
300 patients with an extracranial ISS higher than 6. There was
no difference in the distribution of GOSE classes between
patients treated with EPO and placebo as shown in Figure 2,
SDC (http://links.lww.com/TA/A978) (p = 0.29). There was
no difference in the occurrence of VTE between EPO-treated
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Prehospital and Intensive Care Management in Multiple Trauma Patients With TBI Treated With EPO or Placebo

Extracranial ISS > 6 (n = 301) AIS Score > 2 in Two Body Regions (n = 258)

Characteristics EPO (n = 147) Placebo (n = 154) EPO (n = 126) Placebo (n = 132)

Vital signs before randomization

Systolic blood pressure on
hospital admission, mm Hg*

133 (110–153) 130 (111–147) 132 (110–150) 132 (110–150)

Lowest systolic blood pressure, mm Hg 90 (80–100) 92 (80–101) 90 (77–100) 90 (77–100)

Lowest peripheral oxygen saturation, % 95 (85–97)† 95 (90–98)† 94 (85–97) 94 (85–97)

Respiratory rate before intubation** 20 (16–28) 22 (18–28) 23 (17–30) 23 (17–30)

Laboratory parameters before randomization

Hemoglobin, g/L 119 (101–133) 116 (100–132) 119 (101–133) 119 (101–133)

Platelet, 109/L 187 (150–228) 191 (151–234) 184 (148–219) 184 (148–219)

INR 1.2 (1.1–1.3) 1.2 (1.1–1.3) 1.2 (1.1–1.3) 1.2 (1.1–1.3)

APTT, s 30 (28–33) 30 (28–33) 30.3 (28–33.7) 30.3 (28–33.7)

Transfusion before randomization

Packed red cells (%) 55 (37%) 53 (34%) 51 (40.5%) 51 (40.5%)

Platelets (%) 17 (12%) 17 (11%) 16 (12.7%) 16 (12.7%)

Fresh frozen plasma (%) 36 (25%) 30 (20%) 31 (24.6%) 31 (24.6%)

Other clotting product (%) 18 (12%) 15 (10%) 15 (11.9%) 15 (11.9%)

None (%) 85 (58%) 97 (63%) 69 (54.8%) 69 (54.8%)

Neurointensive care

Any use of ICP monitoring 103 (70%) 102 (66%) 88 (70%) 88 (70%)

Days of ICP monitoring 5 (0–8) 4 (0–7) 7 (5–10.5) 7 (5–10.5)

Proportion of time over 20 mm Hg 3.0 (0–8.4) 3.2 (0–13.9) 3.8% (0.7–8.9%) 3.8% (0.7–8.9%)

Hyperventilation during ICU care 80 (54%) 68 (44%) 65 (52%) 65 (52%)

Therapeutic hypothermia during ICU care 23 (16%) 23 (15%) 21 (17%) 21 (17%)

Neurosurgical interventions

Mass lesion evacuated 28 (19%) 28 (18%) 26 (21%) 26 (21%)

Decompressive craniectomy 18 (12%) 16 (10%) 15 (12%) 15 (12%)

Blood product use during ICU care

Any PRC transfusion 63 (43%) 74 (48%) 56 (44%) 66 (50%)

Total volume of PRC, mL 750 (500–1166) 804 (500–1190) 752 (500–1255) 834 (525–1190)

Any fresh frozen plasma transfusion 16 (11%) 16 (10%) 13 (10%) 16 (12%)

Any platelet transfusion 10 (7%) 14 (9%) 9 (7%) 15 (11%)

Outcomes

ICU mortality, no (%) 9 (6%)† 21 (14%)† 10 (8%) 20 (15%)

ICU LOS, d 15 (9–20) 14 (7–21) 15 (9–21) 14 (8–22)

Hospital mortality, n (%) 9 (6%)† 24 (16%)† 10 (8%)† 22 (17%)†

Hospital LOS, d 29 (19–49) 27 (15–52) 29 (16–47) 28 (16–50)

6 mo mortality, n (%) 10 (7%)† 26 (17%)† 11 (9%)† 24 (18%)†

Good outcome at 6 mo (GOSE score, 5–8) 87 (59%) 83 (54%) 72 (58%) 64 (49%)

*Data missing in two patients.
**Data missing in 82 patients.
†p < 0.05
APTT, activate thromboplastin time; INR, international normalized ratio; LOS, length of stay; PRC, packed red cells.

J Trauma Acute Care Surg
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(20.4%) and placebo-treated (21.4%) patients with more severe
extracranial injury (p = 0.83).

Multiple Trauma Defined by the AIS
With Cox regression, there was less clear evidence of any

differential mortality according to the presence of multiple trauma
(interaction p = 0.17) (Fig. 2). At 6 months, 11 (8.7 %) of 126
EPO-treated patients with multiple trauma had died compared
with 24 (18 %) of the 132 placebo-treated (risk reduction,
9.5%; 95% CI, 1.2–18%; p = 0.027). In patients without multiple
trauma, at 6 months, 21 (11.7%) of 158 EPO-treated patients and
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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22 (13.3%) of 143 placebo-treated patients had died (risk reduc-
tion, 2.1%; 95% CI risk reduction 10% to risk increase 5.8%,
p = 0.65). Multivariate modelling showed that in patients with
multiple trauma, EPO was associated with decreased mortality
with Cox (HR, 0.42; 95% CI, 0.2–0.87; p = 0.019) regression
(Table 3) but not in patients without multiple trauma (HR, 0.78;
95% CI, 0.43–1.45; p = 0.44). In a simple model only including
the IMPACT probability of poor outcome at 6 months, the use of
EPO decreased mortality on Cox (HR, 0.43; 95% CI, 0.21–0.88;
p < 0.021) regression. Survival curves in patients with and without
multiple trauma treated with EPO and placebo are shown in Figure 1,
453
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Figure 2. Forest plot of subgroup analysis of the effect of EPO on
survival in patients with and without multiple trauma.
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SDC (http://links.lww.com/TA/A978). Although strong interaction
was not demonstrated, possible differences in the time to death
in patients receiving EPO compared with placebo were observed
across the subgroups of patients with (p = 0.025) and without
multiple trauma (p = 0.63). Neurologic outcome at 6 months was
available in 256 patients with a multiple trauma (Figure 2 SDC,
http://links.lww.com/TA/A978). There was no difference in the
distribution of GOSE classes between patients treated with EPO
and placebo (p = 0.41). There was no difference in the occurrence
of VTE between EPO-treated (20.6%) and placebo-treated (23.5%)
patients with multiple trauma (p = 0.58).

DISCUSSION

In this post hoc analysis of a multicentre international ran-
domized double-blind controlled trial, we found evidence of a
mortality advantage associated with EPO treatment provided to
patients with TBI and substantial coexisting extracranial inju-
ries. Unlike other potential treatments for severe TBI the ob-
served improvement in survival was not associated with an
increase in the number of patients with poor functional out-
come.17 The evidence for this mortality advantage remained
after adjustment for TBI severity within both time-to-event
and cross-sectional binary statistical models.

Our results are consistent with previous studies of the use
of EPO in patients with trauma.18 In 2002 and 2007, two large
TABLE 3. Factors Associated With Time to Mortality in Patients With

Extracranial ISS Score, > 6 (n

Variables
Univariate HR

(95% CI) p
Multivari

(95%

Age, y 1.01 (0.99–1.03) 0.25 1.02 (0.99

Hypotension 0.85 (0.44–1.64) 0.63 0.99 (0.5–

Hypoxia 0.73 (0.36–1.46) 0.37 0.73 (0.36

No intracranial mass lesion 0.81 (0.29–2.29) 0.69 0.81 (0.28

Pupils abnormal (not equal, nonreactive) 2.47 (1.25–4.87) 0.009 2.37 (1.17

Region (Saudi Arabia reference)

Australia and New Zealand 0.71 (0.36–1.42) 0.21 0.82 (0.25

Europe 0.33 (0.1–1.16) 0.21 0.27 (0.05

Treatment with EPO 0.38 (0.18–0.79) 0.009 0.35 (0.17

The multivariate HRs are adjusted for all variables in the table.
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RCTs were conducted on the use of EPO in critically ill pa-
tients.18,19 In the first study, 1,302 ICU patients and in the sec-
ond 1,460 ICU patients were randomized to receive either
EPO or placebo between 48 hours and 96 hours after admis-
sion.18,19 In a post hoc analysis conducted by Napolitano and
colleagues,20 in the trauma population included in these two
studies, EPO was found to be associated with decreased
29-day mortality when controlling for injury severity. In a more
recent study by Robertson and colleagues21 including
200 patients with TBI, mortality in EPO-treated patients was
lower, even though the difference did not reach statistical signif-
icance. In a meta-analysis including a total of nine studies, EPO
decreased mortality in patients with trauma.22

There are several potential explanations for our findings.
The survival curves in the current study and in the post hoc study
by Napolitano et al.20 indicate a separation in mortality during
the first two weeks after ICU admission. Thus, the mechanism
is likely to involve the early clinical course of TBI in association
with the presence and severity of extracranial injury. In clinical
studies, the severity of extracranial injury worsens outcome from
TBI.23 In experimental models, extracerebral tissue injury has
been shown to worsen neuronal injury by disrupting the blood-
brain barrier.24 The administration of EPO has in experimental
studies been shown to decrease both the magnitude and conse-
quences of blood-brain barrier disruption.25

Patients with multiple trauma also have a more compli-
cated initial clinical course than patients with isolated TBI.23,26

The presence of hypotension and hypoxia is strongly related to
the development of secondary brain injury.27,28 Therefore, it
may be that EPO is effective in attenuating the developing sec-
ondary brain injury related to shock.29 Experimental models in
mice have indeed shown that when hemorrhagic shock accom-
panies TBI, the histological injury in the brain is exacerbated
even if treated with fluid resuscitation maintaining adequate
blood pressure.29 In one experimental study, pretreatment with
EPO reduced the incidence of organ failure after hemorrhagic
shock.30 Another large animal study on resuscitation of hemor-
rhagic study showed that the administration of EPO decreased
end organ damage of kidneys, liver, and heart and might im-
prove neurologic function.31 In that study during fluid resuscita-
tion, EPO attenuated lactatemia and decreased the release of
injury markers of both brain and heart. Hemorrhagic shock has
Multiple Trauma and TBI Treated With EPO or Placebo

= 301) AIS Score, > 2 in Two Body Regions (n = 258)

ate HR
) CI p

Univariate HR
(95% CI) p

Multivariate HR
(95% CI) p

–1.04) 0.16 1.01 (0.98–1.03) <0.001 1.01 (0.99–1.04) 0.39

1.98) 0.98 1.18 (0.97–1.02) 0.64 1.08 (0.53–2.17) 0.85

–1.5) 0.39 1.10 (0.54–2.22) 0.79 1.09 (0.52–2.33) 0.82

–2.32) 0.69 0.94 (0.33–2.67) 0.91 0.87 (0.3–2.5) 0.79

–4.8) 0.02 2.04 (1.02–4.1) 0.05 1.96 (0.95–4.03) 0.07

–2.65) 0.21 0.7 (0.34–1.44) 0.19 0.79 (0.21–2.93) 0.24

–1.33) 0.21 0.35 (0.11–1.1) 0.19 0.3 (0.06–1.51) 0.24

–0.74) 0.006 0.45 (0.22–0.92) 0.03 0.42 (0.20–0.87) 0.02
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Figure 3. Survival curves of patients with more or less severe
extracranial injury, treated with EPO or placebo.
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also been shown to increase the inflammatory response after
trauma, and the magnitude is related to injury severity and
may be one mechanism behind late MOF in trauma patients.32

Our findings that EPO was associated with a reduction in
mortality in patients with TBI and more severe extracranial inju-
ries but not in patients with isolated TB imply that EPO may
have a specific and effective protective effect after secondary
cerebral injury and/or other extracranial injuries. Taken with
the aggregate of previous studies, they suggest that future
studies should focus on patients with extracranial injury in addi-
tion to TBI and that future randomized controlled trials to con-
firm or refute these consistent observations are justified.

Strengths and Limitations
This study has several strengths. They include the assess-

ment of data from a multinational multicenter double-blind ran-
domized trial; blinded assessment of both injury severity and
outcome, and a prepublished statistical analysis plan.15 Compre-
hensive baseline and process of care information allowed for
detailed adjustment of many known and potential confounders.
Finally, the original trial assessed functional outcome at 6 months.9

Such features provide a high level of external and internal valid-
ity. Nonetheless, this study also has some limitations. Most
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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notably, the primary trial was not designed to study the effect
of EPO in TBI within patients with coexisting extracranial in-
juries at various levels of severity, and this is a post hoc sub-
group analysis. We noted that slightly more doses of EPO/
placebo were given to patients with a more severe extracranial
injury and multiple trauma. In a previous post hoc study of the
EPO-TBI study, we have shown that the optimal dosage of
EPO may be on to two weekly doses, and that there is no addi-
tional benefit with more doses.33 We do not think, however, that
the small difference in administered doses could explain the dif-
ferential effect of EPO with more severe extracranial injury and
multiple trauma found in the present study. Further on, although
the interaction between EPO and an extracranial injury score of
more than 6 reached significance, the interaction between EPO
and a previously published definition of multiple trauma did
not reach the conventional level of statistical significance. The
definition we used for multiple trauma included the AIS head
and face components, the extracranial ISS, on the other hand,
was based only on the severity of extracranial injury. In common
with many studies, subgroup analyses in the present study were
underpowered to detect modest differences in subgroup effects
that could be expected if there was a true subgroup effect.34

Indeed, some authors have suggested using a p value of 0.2
or less as the level of significance in subgroups analysis, which
would bring into agreement our results from the extracranial
injury cohorts and multiple trauma cohorts.35 Our primary
finding appears robust and consistent with previous observa-
tions and persisted across several adjusted statistical analyses.

In conclusion, in this post hoc analysis of prospectively
observed randomized trial results, EPO compared with placebo
in moderate or severe TBI was associated with improved sur-
vival at 6 months in patients with coexisting substantial extra-
cranial injuries but not in isolated TBI. Future experimental
and clinical studies are urgently needed to elucidate the role of
EPO in the treatment of TBI with multiple trauma.
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