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Erythropoiesis-Stimulating Agent Administration
and Survival After Severe Traumatic Brain Injury
A Prospective Study
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Objective: To validate previous findings of the effects
of erythropoiesis-stimulating agent (ESA) administration following severe traumatic brain injury.
Design: Prospective observational study of all patients

with severe traumatic brain injury admitted to the surgical intensive care unit (SICU) at our institution from
January 1, 2009, to December 31, 2010 (head Abbreviated Injury Scale score ⱖ3). Propensity scores were calculated to match patients who received ESA within 30
days after admission to patients who did not receive ESA.
Patients: A total of 566 patients with severe traumatic
brain injury were admitted to the SICU. After matching
in a 1:1 ratio, 75 matched pairs were analyzed.
Main Outcome Measures: ⌬ Glasgow Coma Scale
score (difference between admission and SICU discharge), in-hospital morbidity, and mortality.
Results: Patients who received ESA and control subjects
who did not receive ESA had similar age, mechanisms of

injury, vital signs on admission, Abbreviated Injury Scale
scores, Injury Severity Scores, and specific intracranial injuries. Patients who received ESA experienced significantly longer lengths of stay in the SICU (mean [SD], 16.1
[1.3] days vs 8.6 [0.8] days; P⬍.001) and comparable SICUfree days. There was no statistically significant difference
in the incidence of major in-hospital complications including deep venous thrombosis and pulmonary embolism when
comparing the 2 study cohorts. The ⌬ Glasgow Coma Scale
mean [standard error of the mean] score was 3.0 [0.4] and
2.4 [0.5] in patients who received ESA and those who did
not, respectively (P=.33). However, in-hospital mortality
was significantly lower for patients who received ESA compared with those who did not (9.3% vs 25.3%; odds ratio,
0.25; 95% CI, 0.08-0.75; P=.012).
Conclusions: Erythropoiesis-stimulating agent administration demonstrates a significant survival advantage
without an increase in morbidity in patients with severe
traumatic brain injury.
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EVERE TRAUMATIC BRAIN INjury (STBI) is a cause of significant morbidity and excessive mortality.1-4 In numerous
experimental TBI animal
models, erythropoiesis-stimulating agents
(ESAs) provided neuroprotective effects by
decreasing secondary neuronal damage
and improved neurologic outcomes.5-8 In
addition to improved outcome measures
in experimental settings, a recent retrospective report from our institution observed significant survival benefit with ESA
administration following STBI.9 The objective of this investigation was to validate our previous findings in a prospective observational study.
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METHODS
After institutional review board approval, all
patients who sustained TBI admitted to the Los
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Angeles County and University of Southern
California Medical Center, a level I trauma center, between January 1, 2009, and December
31, 2010, were prospectively screened for inclusion in this study. The inclusion criteria for
enrollment were (1) head Abbreviated Injury
Scale score of 3 or greater verified by cranial
computed tomographic scan, (2) admission
to the surgical intensive care unit (SICU), and
(3) patients aged older than 16 years. Early
deaths (SICU length of stay ⬍72 hours) were
excluded from the study.
Admission data collected included age, sex,
injury mechanism (blunt vs penetrating), systolic blood pressure, Glasgow Coma Scale
(GCS) score on hospital admission and at SICU
discharge, Injury Severity Score (ISS), and Abbreviated Injury Scale score for all body regions (head, chest, abdomen, and extremities). Continuous variables were dichotomized
using the following clinically relevant cut
points: age (ⱖ55 years vs ⬍55 years), systolic
blood pressure at admission (⬍90 mm Hg vs
ⱖ90 mm Hg), GCS score at admission (ⱕ8 vs
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Table 1. Demographic and Injury Characteristics Among Patients With STBI Who Did and Did Not Receive ESA
in Unmatched and Matched Cohorts
No. (%)
Unmatched

Age, mean (SEM), y
Age ⱖ 55 y
Male
Penetrating MOI
GCS score, mean (SEM)
GCS score ⱕ 8
SBP ⬍ 90 mm Hg
Chest AIS ⱖ 3
Abdomen AIS ⱖ 3
Extremity AIS ⱖ 3
ISS, mean (SEM)
ISS ⱖ 25
Anemia ⬍ 10 g/dL during
first 30 d

Patients Who
Received ESA
(n = 81)

Patients Who Did
Not Receive ESA
(n = 485)

43.1 (2.2)
24 (29.64)
66 (81.5)
4 (4.9)
9.8 (0.5)
39 (48.1)
4 (4.9)
42 (51.9)
15 (18.5)
27 (33.3)
27.5 (1.2)
43 (53.1)
81 (100.0)

48.4 (0.9)
179 (36.9)
384 (79.2)
35 (7.2)
10.5 (4.6)
168 (34.6)
18 (3.8)
98 (20.2)
23 (4.7)
35 (7.2)
20.6 (0.5)
168 (34.6)
289 (59.6)

Matched

P Value

Patients Who
Received ESA
(n = 75)

Patients Who Did
Not Receive ESA
(n = 75)

P Value

.03
.21
.63
.45
.21
.02
.54
⬍.001
⬍.001
⬍.001
⬍.001
.001
⬍.001

42.2 (2.2)
20 (26.7)
63 (84.0)
4 (5.3)
9.6 (0.5)
37 (49.3)
4 (5.3)
37 (49.3)
14 (18.7)
22 (29.3)
26.5 (1.3)
38 (50.7)
75 (100.0)

44.2 (2.2)
22 (29.32)
57 (76.0)
4 (5.3)
8.9 (0.6)
40 (53.3)
5 (6.7)
40 (53.3)
10 (13.3)
20 (26.7)
24.9 (1.4)
36 (48.0)
75 (100.0)

.50
.85
.33
⬎.99
.223
0.67
⬎.99
.58
.42
.75
.22
.80
⬎.99

Abbreviations: AIS, Abbreviated Injury Scale; ESA, erythropoiesis-stimulating agent; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; MOI, mechanism of
injury; SBP, systolic blood pressure; STBI, severe traumatic brain injury.

⬎8), and ISS (ⱖ25 vs ⬍25). All patients included in the study
were followed up throughout their hospital stay. Administration of ESA within the first 30 days of hospital admission was
at the discretion of the treating physician blinded for the study
enrollment. Most frequent indications for ESA administration
by the treating physician included low-grade anemia not mandating transfusion and/or renal failure. Administered ESA consisted of darbepoetin alfa (Amgen Inc), 0.40 µg/kg, by subcutaneous injection weekly (approximately $600/40 µg). The
presence of anemia (hemoglobin, ⬍10 g/dL [to convert to grams
per liter, multiply by 10.0]); transfusion requirements during
the hospital stay; and the occurrence of major in-hospital complications including acute respiratory distress syndrome, pneumonia, sepsis, acute renal failure, deep venous thrombosis, and
pulmonary embolism were recorded. At Los Angeles County
and University of Southern California Medical Center, venous
thromboembolic diagnostic workup is performed on clinical
suspicion. The diagnosis for venous thromboembolism is based
on duplex ultrasound or computed tomographic angiography. The diagnosis of pulmonary embolism is based on computed tomographic angiography of the pulmonary artery.
The primary outcome measure was in-hospital mortality.
Secondary end points included ⌬ GCS score (difference between hospital admission and SICU discharge), the incidence
of in-hospital complications, and SICU and hospital length of
stays.
Propensity scores (predicted probability of receiving ESA)
were calculated for all patients with STBI using binary logistic
regression. Included in the propensity score model were age,
mechanism of injury (blunt vs penetrating), GCS score on admission (ⱕ8 or ⬎8), hypotension on admission (systolic blood
pressure, ⬍90 mm Hg or ⱖ90 mm Hg), Abbreviated Injury Scale
score for each body region, ISS (⬍25 or ⱖ25), the presence of
anemia during the hospital stay, neurosurgical interventions
(craniotomy or craniectomy), and specific intracranial injuries. Each patient receiving ESA was matched in a 1:1 ratio to
a patient not receiving ESA within a 0.0135-caliber of propensity without replacement. The caliber was equal to onequarter of a standard deviation of the logit of the propensity
score. Each case-matched control subject was chosen only if

their SICU length of stay equaled or exceeded the time interval from admission to the first dose of ESA administration. Patients who received ESA for whom no suitable match could be
found were excluded from the analysis.
Demographics and clinical characteristics between the
matched cohorts were compared using univariate analysis.
The differences between the groups were tested for significance using the McNemar test for categorical variables and
paired t test or Wilcoxon signed rank test for continuous variables wherever appropriate. The odds ratio with a 95% confidence interval and the P value for its significance between the
2 groups were derived for outcomes (survival and complications). For survival analysis, Kaplan-Meier curves were constructed and compared using the log-rank test. Statistical significance was set at P⬍.05. Values are reported as percentage
for categorical variables and as mean (standard error of the
mean [SEM]) for continuous variables. All analyses were performed using the Statistical Package for Social Sciences Mac
version 16.0 (SPSS Inc).
RESULTS

During the 2-year study, 566 patients with STBI met inclusion criteria. Of these, 81 patients received ESA within
the first 30 days of hospital admission. After propensity
matching (81 patients who received ESA and 485 control subjects who did not receive ESA), 75 matched pairs
were available for analysis. Six patients who received ESA
had to be excluded because no corresponding match could
be found; however, all of the excluded patients who received ESA survived to hospital discharge. The demographic and injury characteristics of the study population before and after matching are summarized in
Table 1. Following propensity matching, there were no
differences in any variables included in the analysis. Likewise, no discrepancies were noted for head injury severity, occurrence of specific types of head injury, and re-
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Table 2. Specific Head Injuries and Surgical Interventions Among Patients With STBI Who Did and Did Not Receive ESA
in Unmatched and Matched Cohorts
No. (%)
Unmatched

Head injury severity
AIS head score 3
AIS head score 4
AIS head score 5
Specific head injuries
Skull fracture
Base of skull fracture
Epidural hematoma
Subdural hematoma
Subarachnoid hemorrhage
Intraparenchymal hemorrhage
Intraventricular hemorrhage
Diffuse axonal injury
Neurosurgical interventions
Craniotomy
Craniectomy

Patients Who
Received ESA
(n = 81)

Patients Who Did
Not Receive ESA
(n = 485)

48 (59.3)
15 (18.5)
18 (22.2)

Matched

P Value

Patients Who
Received ESA
(n = 75)

Patients Who Did
Not Receive ESA
(n = 75)

P Value

230 (47.4)
140 (28.9)
115 (23.7)

.049
.05
.77

45 (60.0)
12 (16.0)
18 (24.0)

46 (61.3)
12 (16.0)
17 (22.7)

⬎.99
⬎.99
⬎.99

24 (29.6)
11 (13.6)
9 (11.1)
40 (49.4)
56 (69.1)
50 (61.7)
14 (17.3)
9 (11.1)

145 (29.9)
63 (13.0)
50 (10.3)
281 (57.9)
312 (64.3)
278 (57.3)
63 (13.0)
14 (2.9)

.96
.88
.83
.15
.40
.46
.30
.002

23 (30.7)
11 (14.7)
9 (12.0)
37 (49.3)
52 (69.3)
46 (61.3)
12 (16.0)
8 (10.7)

27 (36.0)
16 (21.3)
6 (8.0)
39 (52.0)
50 (66.7)
47 (62.7)
6 (8.0)
4 (5.3)

.60
.40
.58
.82
.82
⬎.99
.21
.34

12 (14.8)
7 (8.6)

97 (20.0)
49 (10.1)

.27
.68

12 (16.0)
7 (9.3)

10 (13.3)
9 (12.0)

.79
.77

Abbreviations: AIS, Abbreviated Injury Scale; ESA, erythropoiesis-stimulating agent; STBI, severe traumatic brain injury.
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quired neurosurgical interventions after matching
(Table 2).
In all patients, ESA administration was initiated within
the first 2 weeks of hospital admission. Figure 1 compares mean hemoglobin levels between patients who received ESA and those who did not during the initial 30
days after hospital admission. A trend toward increased
anemia severity in the group that received ESA was noted
with significant differences on hospital days 0, 5, and 10.
In the ESA group, the mean [SEM] hemoglobin level increased from 8.8 [0.1] g/dL on day 5 to 10.2 [0.3] g/dL
on day 30 (linear regression; P = .008). No differences in
transfusion requirements between the 2 groups were
observed.
There was no statistically significant difference in the
incidence of acute respiratory distress syndrome (5.3%
vs 4.0%; P ⬎ .99), acute renal failure (1.3% vs 1.3%;
P ⬎ .99), sepsis (2.7% vs 0.0%; P = .5), and pneumonia
(6.7% vs 5.3%; P ⬎.99). In particular, there was no statistically significant discrepancy in the incidence of deep
venous thrombosis (1.3% vs 0.0%; P ⬎.99) and pulmonary embolism (1.3% vs 0.0%; P ⬎.99) comparing patients who received ESA and those who did not.
Mean SICU length of stays in the ESA and control
groups were 16.1 days vs 8.6 days, respectively (P⬍.001)
(Table 3). The number of SICU-free days was not significantly different between the groups (P=.12). The mean
hospital length of stay was more protracted in the ESA
group (22.2 days vs 12.9 days; P ⬍.001).
Glasgow Coma Scale mean [SEM] score on discharge from the SICU was 11.8[3.8] for patients who received ESA vs 10.9[4.7] for patients who did not (P=.17).
The ⌬ GCS mean [SEM] score was 3.0[0.4] and 2.4[0.5]
in patients who received ESA and those who did not, respectively (P=.33). Overall mortality in the study popu-
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Figure 1. Mean hemoglobin levels in patients who received an
erythropoiesis-stimulating agent (ESA) and those who did not during the
initial 30 days after hospital admission. *Patients who did not receive ESA vs
those who did; P ⬍ .05. To convert hemoglobin to grams per liter, multiple
by 10.0.

lation was 17.3% (n=26). Patients who received ESA experienced significantly lower in-hospital mortality
compared with those who did not (9.3% vs 25.3%; odds
ratio, 0.25; 95% CI, 0.08-0.75; P=.012). Causes of death
included TBI in 25 instances and sepsis in 1 patient who
received ESA. Figure 2 depicts significantly diverging
Kaplan-Meier curves for 30-day in-hospital mortality (logrank test; P ⬍.001).
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Table 3. Mortality, Hospital, and SICU LOS Among Patients With STBI Who Did and Did Not Receive ESA

SICU LOS, mean (SEM), d
SICU-free, mean (SEM), d
HLOS, mean (SEM), d
In-hospital mortality, No. (%)

Total No.
of Patients
(N = 150)

Patients Who
Received ESA
(n = 75)

Patients Who Did Not
Receive ESA
(n = 75)

P Value

Odds Ratio/Mean Difference
(95% CI)

12.3 (0.8)
5.2 (0.7)
17.5 (1.1)
26 (17.3)

16.1 (1.3)
6.1 (1.1)
22.2 (1.7)
7 (9.3)

8.6 (0.8)
4.3 (0.8)
12.9 (1.2)
19 (25.3)

⬍.001
.12
⬍.001
.012

7.78 (4.98 to 10.58)
1.81 (−0.97 to 4.58)
9.59 (5.41 to 13.77)
0.25 (0.08 to 0.75)

Abbreviations: ESA, erythropoiesis-stimulating agent; HLOS, hospital length of stay; LOS, length of stay; SICU, surgical intensive care unit; STBI, severe
traumatic brain injury.
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Figure 2. Kaplan-Meier curves for 30-day in-hospital mortality in patients
who received an erythropoiesis-stimulating agent (ESA) and those who did
not. P⬍ .001, log-rank test.

COMMENT

Traumatic brain injury continues to be the leading cause
of death and disability in children and young adults. In
the United States alone, 1.5 million individuals are affected by STBI annually.1-4 There are very limited new avenues in the treatment of TBI.10 The presence of erythropoietin in the central nervous system has sparked
enthusiasm in experimental and clinical research owing
to its plausible effects in these instances. It has been documented in multiple investigations that erythropoietinsecreting tissues are widely distributed in people and that
erythropoietin receptors are expressed also in human neurons, glia cells, astrocytes, and cerebral endothelial cells.11-13
Suggested effects mediated by ESA following insults to the
nervous system in experimental studies include antiinflammatory12,14 and anti-apoptotic15,16 properties due to
antagonism to pro-inflammatory cytokines such as tumor necrosis factor-␣. Likewise, ESA has been shown to
mediate angiogenic properties by the recruitment of endothelial progenitor cells in brain tissue. Furthermore, ESA
has been associated with the mitigation of reperfusion injury in multiple experimental settings17-19 in addition to
stimulation of neuronal stem cells after injury.20,21 In rodent models of TBI, Brines et al8 and other researchers noted
that erythropoietin readily crosses the blood-brain bar-

rier and significantly reduces lesion volume in mice following STBI. Another experimental examination by Grasso
et al7 in rats found significant mitigation of brain edema,
lesion volume, and blood-brain barrier breakdown following cryogenic injury.
Clinical studies on ESA effects in central nervous system lesions that do exist are predominantly small and
limited to extremes of ages that show conflicting results.
Studies in preterm infants have shown improved outcomes
followingneurologicinsultssoonafterbirth.22,23 Ontheother
hand, a recent stroke trial randomizing 460 patients to either
receive ESA or not within 6 hours of stroke demonstrated
detrimental effects of ESA administration following medial
cerebral artery occlusive stroke, particularly in patients who
received thrombolysis.24 Unfortunately, very limited evidence in patients suffering traumatic brain lesions—a very
different population by age and the type of brain lesions from
strokepatients—hasshownpromisingresults.Toourknowledge, our institution was the first to report a retrospective
series of 89 patients who received ESA during their initial
30 days of hospital stay matched with 178 identical counterparts (1:2 ratio) not receiving ESA following STBI. We
noted significant case-fatality discrepancy; patients who received ESA and those who did not experienced fatality rates
of 7.9% and 24.2%, respectively (odds ratio, 0.27; 95% CI,
0.12-0.62; P=.001). Furthermore, no significant morbidity increase was noted in our report.9 Likewise, we observed
nonsignificant discrepancy in incidence in morbidity measured by occurrence of pneumonia, acute renal failure, sepsis, acute respiratory distress syndrome, deep venous thrombosis, and pulmonary embolism in the matched cohorts.
However, it has been noted by other researchers that ESA
administration is associated with increased risk for deep venous thrombosis particularly in critically ill patients and
those with malignancies.25-27
There was a trend toward higher anemia severity in patients who received ESA; however, we observed no difference in transfusion of blood products in the matched cohorts excluding the detrimental effects of transfusion on
outcomes. The hemoglobin increase seen in ESA cases in
our study, although statistically significant, resulted in less
than a 1 g/dL difference between the matched groups on
the majority of SICU days. Similar to results noted in prospective randomized trials by Corwin and colleagues,26,28
the hemoglobin increase in critically ill patients is protracted. However, there is no data suggestive of survival benefit by such a small difference in oxygen-carrying capacity
at hemoglobin levels greater than 6 g/dL.29
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The current prospective validation of ESA effects in STBI
confirms our previous findings. We analyzed prospectively collected 75 well-matched pairs of patients who received ESA within 2 weeks of hospital admission and those
who did not. An erythropoiesis-stimulating agent was administered at the discretion of the treating physician blinded
for study enrollment, and the ESA administration lasted 2
weeks. Administration of ESA was associated with significantly reduced in-hospital mortality at 9.3% vs 25.3% (OR,
0.25; 95% CI, 0.08-0.75; P=.012) when patients who received ESA were matched with those who did not, respectively. Likewise, we noted a trend toward improved GCS
score on discharge from the SICU (11.8[3.8]; ⌬ GCS mean
[SEM] score, 3.0[0.4], vs 10.9[4.7]; ⌬ GCS mean [SEM]
score, 2.4[0.5]; P=.17; ⌬ GCS P=.33) in patients who received ESA and those who did not, respectively.
There are some limitations to our study. First, the patients were not randomized to receive ESA, but rather, it
was administered at the discretion of the treating physician.
We attempted to compensate for this lack of randomization by matching our control subjects as closely as possible
to ESA cases by using very close 1:1 control to case matching (within a 0.0135-caliber of propensity without replacement). Nevertheless, the lack of randomization may have
introduced a selection bias into our analysis, which is a recognized limitation of a nonrandomized study. Second, the
administration of ESA in our study population occurred at
the discretion of the treating physician within 2 weeks after hospital admission, thus precluding the universal commencement of the ESA therapy in the matched cohorts.
In this prospective study, ESA administration was associated with significant in-hospital survival benefit without an increase in morbidity in patients with severe traumatic head injury. Our results suggest the need for a large
randomized, controlled validation of ESA effects in patients with STBI.
Accepted for Publication: September 24, 2011.
Correspondence: Peep Talving, MD, PhD, University of
Southern California–Keck School of Medicine, Division
of Acute Care Surgery, Department of Surgery, Los Angeles County and University of Southern California Medical Center, 1200 N State St, C5L100, Los Angeles, CA
90033-4525 (peep.talving@surgery.usc.edu).
Author Contributions: Study concept and design: Talving
and Demetriades. Acquisition of data: Talving, Lustenberger, Lam, and Mohseni. Analysis and interpretation of data:
Talving, Lustenberger, Inaba, Lam, and Chan. Drafting of
the manuscript: Talving, Lustenberger, Lam, and Mohseni.
Critical revision of the manuscript for important intellectual
content: Inaba, Chan, and Demetriades. Statistical analysis: Lustenberger, Mohseni, and Chan. Administrative,
technical, and material support: Talving, Inaba, Lam, and
Demetriades. Study supervision: Talving and Demetriades.
Financial Disclosure: None reported.
REFERENCES
1. Hukkelhoven CW, Steyerberg EW, Rampen AJ, et al. Patient age and outcome
following severe traumatic brain injury: an analysis of 5600 patients. J Neurosurg.
2003;99(4):666-673.

2. Thurman DJ, Alverson C, Dunn KA, Guerrero J, Sniezek JE. Traumatic brain injury in the United States: a public health perspective. J Head Trauma Rehabil.
1999;14(6):602-615.
3. Myburgh JA, Cooper DJ, Finfer SR, et al; Australasian Traumatic Brain Injury Study
(ATBIS) Investigators for the Australian; New Zealand Intensive Care Society Clinical Trials Group. Epidemiology and 12-month outcomes from traumatic brain
injury in Australia and New Zealand. J Trauma. 2008;64(4):854-862.
4. Gross CP, Anderson GF, Powe NR. The relation between funding by the National
Institutes of Health and the burden of disease. N Engl J Med. 1999;340(24):
1881-1887.
5. Grasso G, Buemi M, Alafaci C, et al. Beneficial effects of systemic administration
of recombinant human erythropoietin in rabbits subjected to subarachnoid
hemorrhage. Proc Natl Acad Sci U S A. 2002;99(8):5627-5631.
6. Grasso G, Graziano F, Sfacteria A, et al. Neuroprotective effect of erythropoietin
and darbepoetin alfa after experimental intracerebral hemorrhage. Neurosurgery.
2009;65(4):763-769, discussion 769-770.
7. Grasso G, Sfacteria A, Meli F, Fodale V, Buemi M, Iacopino DG. Neuroprotection
by erythropoietin administration after experimental traumatic brain injury. Brain
Res. 2007;1182:99-105.
8. Brines ML, Ghezzi P, Keenan S, et al. Erythropoietin crosses the blood-brain barrier to protect against experimental brain injury. Proc Natl Acad Sci U S A. 2000;
97(19):10526-10531.
9. Talving P, Lustenberger T, Kobayashi L, et al. Erythropoiesis stimulating agent
administration improves survival after severe traumatic brain injury: a matched
case control study. Ann Surg. 2010;251(1):1-4.
10. Nichol AD, Cooper DJ; POLAR Study Investigators on behalf of the ANZICS–
Clinical Trials Group; EPO Study Investigators on behalf of the ANZICS–Clinical
Trials Group. Can we improve neurological outcomes in severe traumatic brain
injury? something old (early prophylactic hypothermia) and something new
(erythropoietin). Injury. 2009;40(5):471-478.
11. Anagnostou A, Liu Z, Steiner M, et al. Erythropoietin receptor mRNA expression
in human endothelial cells. Proc Natl Acad Sci U S A. 1994;91(9):3974-3978.
12. Genc S, Koroglu TF, Genc K. Erythropoietin as a novel neuroprotectant. Restor
Neurol Neurosci. 2004;22(2):105-119.
13. Maiese K, Li F, Chong ZZ. New avenues of exploration for erythropoietin. JAMA.
2005;293(1):90-95.
14. Chong ZZ, Kang JQ, Maiese K. Hematopoietic factor erythropoietin fosters neuroprotection through novel signal transduction cascades. J Cereb Blood Flow
Metab. 2002;22(5):503-514.
15. Maiese K, Chong ZZ. Insights into oxidative stress and potential novel therapeutic targets for Alzheimer disease. Restor Neurol Neurosci. 2004;22(2):87-104.
16. Sakamaki K. Regulation of endothelial cell death and its role in angiogenesis and
vascular regression. Curr Neurovasc Res. 2004;1(4):305-315.
17. Chong ZZ, Kang JQ, Maiese K. Angiogenesis and plasticity: role of erythropoietin in vascular systems. J Hematother Stem Cell Res. 2002;11(6):863-871.
18. Chong ZZ, Kang JQ, Maiese K. Apaf-1, Bcl-xL, cytochrome c, and caspase-9 form
the critical elements for cerebral vascular protection by erythropoietin. J Cereb
Blood Flow Metab. 2003;23(3):320-330.
19. Chong ZZ, Kang JQ, Maiese K. Erythropoietin is a novel vascular protectant through
activation of Akt1 and mitochondrial modulation of cysteine proteases. Circulation.
2002;106(23):2973-2979.
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