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PRÉCIS
1.1

Study Title
Effects of Erythropoietin on Cerebral Vascular Dysfunction and Anemia in Traumatic Brain
Injury

1.2

Objectives
The primary objective of this study is to determine the effect of early administration of
recombinant human erythropoietin (rhEpo) on long-term neurological outcome after severe
traumatic brain injury (TBI). The hypothesis to be tested is that the early administration of
Epo improves global neurological outcome (assessed by Disability Rating Scale [DRS] and
Glasgow Outcome Scale [GOS]) at 6 months post-injury.
The secondary objectives are:
1. To study the acute cerebrovascular effects of rhEpo administration.
2. To study the role of anemia of critical illness in determining brain oxygenation and
cerebral hemodynamics.
3. To study the complications associated with transfusion of blood products in patients
with severe TBI.
4. To study the effect of rhEpo administration in reducing the need for blood transfusion
after TBI.
5. To study the natural history of Epo and EpoR expression by the injured brain.

1.3

Design and Outcomes
The overall design of the study is a randomized clinical trial using a factorial (2 x 2)
design with administration of rhEpo and transfusion threshold as the two factors that will be
randomly assigned. The study will examine the cerebrovascular effects of rhEpo
administration and the effects of rhEpo administration on hemoglobin concentration, as well
as the effects of both factors on brain oxygenation, the need for blood transfusion, on
systemic complications, and on neurological outcome.

1.4

Interventions and Duration
Patients will be randomly assigned to one of four treatment groups:
Treatment with rhEpo
Transfusion trigger of < 10 g/dl

Treatment with Placebo
Transfusion trigger of < 10 g/dl

Treatment with rhEpo
Transfusion trigger of < 7 g/dl

Treatment with Placebo
Transfusion trigger of < 7 g/dl

Patients randomized to “Treatment with rhEpo” will receive rhEpo administration 500
IU/kg within 6 hours of admission, then weekly x 2 additional doses while they remain in the
ICU. Patients randomized to “Treatment with Placebo” will receive an equal volume of saline
IVwithin 6 hours of admission, then weekly x 2 additional doses while they remain in the ICU.
Patients randomized to 'Transfusion trigger < 10g/dl' will follow the general management
guideline that hemoglobin concentrations should be maintained at least 10g/dl with
transfusion of packed RBC's, if necessary, during the acute post-injury recovery period.
Patients randomized to 'Transfusion trigger < 7g/dl' will have hemoglobin concentrations
maintained at least 7g/dl with transfusion of packed RBC's, if necessary, during the acute
post-injury recovery period.
In all other respects, management during the acute post-injury phase will follow the same
standardized management protocol for TBI patients (Appendix II).
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1.5

Sample Size and Population
Approximately 200 patients with severe traumatic brain injury will be studied.
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I.

Study Objectives
A. Primary Objective
1. The specific aim of this study is to determine whether early administration of recombinant
human erythropoietin (rhEpo) will improve the long-term neurological outcome of
individuals sustaining severe traumatic brain injury (TBI). In addition, the acute effects of
rhEpo on cerebral hemodynamics in the injured brain and the natural history of Epo and
erythropoietin receptor (EpoR), a member of the cytokine receptor superfamily, will be
examined.
2. The primary hypothesis of the study is that early administration of rhEpo will improve
global neurologic outcome in patients with severe TBI at six months post-injury. Early
administration is defined as within six hours of injury. Global neurologic outcome will be
assessed using the Glasgow Outcome Scale (GOS) and the Disability Rating Scale
(DRS). The primary outcome measure is the GOS at 6 months.
B. Secondary Objectives: There are five specific areas for which secondary hypotheses have
been generated for this study
1. The acute cerebrovascular effects of rhEpo administration
Hypotheses:
a. rhEpo administration will increase cerebrospinal fluid (CSF) and microdialysate levels
of Epo
b. rhEpo administration will increase CSF and microdialysate levels of nitrate and nitrite
(NOx), the end-products of metabolism of nitric oxide, which is known to play a key
role in the regulation of cerebral blood flow
c. rhEpo administration will:
- improve pressure autoregulation of cerebral blood flow (CBF), an intrinsic
phenomenon in the brain that maintains CBF when changes in the systemic blood
pressure occur,
- increase CBF, and
- increase the cerebral metabolic rate of oxygen (CMRO2) as a result of increased
oxygen availability in injured brain cells
2. The role of anemia associated with critical illness in determining brain oxygenation and
cerebral hemodynamics
Hypotheses:
a. When the hemoglobin trigger level for transfusion is set at 7g/dl (current evidencebased recommendation for critically ill patients), the brain tissue partial pressure of
oxygen (PbtO2) will be lower, adjusted for arterial PaO2, than when the transfusion
trigger is set at 10g/dl.
b. When the hemoglobin trigger level for transfusion is set at 7g/dl (current evidencebased recommendation), cerebral blood flow (CBF) and intracranial pressure (ICP)
will be higher than when the transfusion trigger is set at 10g/dl.
c. When the hemoglobin trigger level for transfusion is set at 7g/dl (current evidencebased recommendation), pressure autoregulation of CBF will be significantly more
impaired, due to dilation of cerebral blood vessels, than when the transfusion trigger
is set at 10g/dl.
d. When the hemoglobin trigger level for transfusion is set at 7g/dl (current evidencebased recommendation), transfusion of packed red blood cells (PRBCs) will increase
PbtO2, adjusted for arterial PaO2, lower CBF, lower ICP, and improve pressure
autoregulation.

Epo for TBI
Version 12, 4/19/11
Page 12 of 127
3. The types and severity of complications associated with transfusion of blood products in
patients with severe TBI
Hypotheses:
a. Patients transfused at a hemoglobin trigger level of 7g/dl will have a lower incidence
of pulmonary edema and adult respiratory distress syndrome (ARDS).
b. Patients transfused at a hemoglobin trigger level of 7g/dl will have a lower incidence
of infections.
4. The effect of rhEpo administration in reducing the need for blood transfusion after TBI
Hypothesis:
a. Patients assigned to the rhEpo treatment group will not require as many blood
transfusions as patients assigned to the control group
5. The natural history of Epo and EpoR expression by the injured brain.
Hypotheses:
a. Levels of Epo in the cerebral spinal fluid (CSF) and microdialysate fluid of TBI
patients will be higher than the levels found in normal control subjects, from whom
brain tissue has been removed for therapeutic reasons in non-trauma neurosurgical
procedures.
b. Expression of Epo by the injured brain will occur as a function of injury severity –
more severe injuries (GCS 3-5) will elicit more expression of Epo than less severe
injuries (GCS 6-8).
c. The maximum expression of Epo in CSF and microdialysate fluid will be detected
three to four days after brain injury.
d. Levels of Epo found in microdialysate fluid will be highest when the microdialysis
probe is placed in close proximity to an evolving cerebral contusion and will be
decreased if the probe is placed distant to the contusion.
e. Examination of contused brain tissue, removed as part of the standard surgical
treatment for TBI patients, will find both Epo and EpoR.
II. Background
A. Rationale The brain receives 20% of the cardiac output and is almost entirely dependent on
oxygen for its metabolic processes; therefore, any degree of hypoxia puts injured neurons at
risk. A therapy that can improve oxygen delivery to the injured brain may offer potential
benefit to patients with severe traumatic brain injuries (TBI). In addition, trauma patients,
including those with TBI, commonly develop anemia during the acute recovery period. The
presence of anemia subsequently requires the injured brain to maintain a higher cerebral
blood flow (CBF) to achieve the same level of oxygen delivery as would be provided with a
normal hemoglobin level.
The quest for an agent that could protect the injured brain from secondary insults such as
hypoxia and hypotension has been a driving force in brain injury research in the last 20
years, based on the premise that protection of injured but not destroyed neurons would
permit damaged cells to recover and thus contribute to improved neurologic outcome.
During this time, there have been a number of clinical trials testing agents with properties
believed to arrest or inhibit pathophysiologic processes occurring in the injured brain.
Promising compounds that were subjected to phase III clinical trials were tromethamine
(THAM), nimodipine, tirilizad mesylate, and polyethylene glycol-conjugated superoxide
dismutase (PEG-SOD). All of these trials, however, failed to demonstrate a significant effect
on patient outcome (1).

Epo for TBI
Version 12, 4/19/11
Page 13 of 127
Recombinant human erythropoietin (rhEpo) has been shown to have potent neuroprotective
effects after experimental brain injury (2), in addition to its more widely recognized effect of
increasing hemoglobin levels. In current practice, Epo is given to stimulate erythropoiesis
and increase hemoglobin concentration in a variety of conditions that cause anemia,
including chronic renal failure and cancer. In critically ill patients, administration of Epo
reduces the need for transfusion of blood; however, Epo is not widely used for this purpose,
because of its high cost and because it has not yet been shown to improve outcome (3).
The neuroprotection provided by rhEpo appears to be related to its ability to improve
intracranial hemodynamics and cerebrovascular function. TBI directly induces a spectrum of
cerebrovascular dysfunction, ranging from impaired pressure autoregulation of cerebral
blood flow (CBF) to severe global ischemia. The cerebrovascular dysfunction caused by
trauma may prevent adequate increases in CBF, the normal compensatory mechanism for a
reduced oxygen-carrying capacity. Both of these factors – cerebrovascular dysfunction and
anemia – have been associated with adverse effects on cognitive and functional outcomes of
patients with severe TBI. Thus, based on current known physiology, the administration of
rhEpo has the potential to improve cerebral hemodynamics and cerebrovascular function
which should then improve neurologic outcome.
Epo has also been observed to be expressed in the brain after traumatic and other types of
brain injury, including stroke and hypoxia (4,5,6,7). Activation of EpoR by administration of
Epo and other molecules with Epo-like activity following experimental traumatic brain injury
(TBI) has shown marked neuroprotective effects, significantly reducing contusion volume,
preserving hippocampal neurons, and improving neurobehavioral performance. A number of
actions of Epo may contribute to this neuroprotection, including anti-apoptotic effects,
vascular, and anti-inflammatory effects; however, these processes are not yet well
understood, and further research into the natural history of the expression and function of
both Epo and EpoR is needed, as part of the required understanding to begin to use these
agents in a therapeutic manner.
B. Supporting Data
1. Normal Physiologic Role of Epo Epo is a hematopoietic growth factor, and the binding of
Epo to the Epo Receptor (EpoR), a member of the cytokine receptor superfamily, controls
the terminal maturation of red blood cells. In the human, Epo is produced by peritubular
cells in the kidneys of the adult and in hepatocytes in the fetus. Small amounts of extrarenal Epo are produced by the liver in adult human subjects. Epo acts primarily to rescue
erythroid cells from apoptosis (programmed cell death) to increase their survival. Epo
also acts synergistically with several growth factors (stem cell factor [SCF], granulocyte /
macrophage colony-stimulating factor [GM-CSF], interleukin 3 [1L-3], and insulin-like
growth factor 1 [IGF-1]) to cause maturation and proliferation of erythroid progenitor cells
(primarily colony-forming unit-E). Other effects of Epo include a hematocrit-independent,
vasoconstriction-dependent hypertension, increased endothelin production, upregulation
of tissue renin, change in vascular tissue prostaglandin production, stimulation of
angiogenesis, and stimulation of endothelial and vascular smooth muscle cell
proliferation.
2. Epo Expression in the Normal and Injured Brain Until recently Epo was thought to be
produced exclusively in fetal liver and in adult kidney. In 1995, mRNA encoding of both
Epo and EpoR in the mouse brain were reported (8). Hypoxia induced a 20-fold increase
in mRNA coding for Epo but not EpoR. Major Epo binding sites were observed in the
hippocampus, internal capsule, cortex, and midbrain areas. Subsequently Epo was
identified in human brain at autopsy (5) and in CSF of patients with TBI (4).
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Epo is expressed basally in neurons and astrocytes (5). Following permanent focal
cerebral ischemia, postischemic Epo expression has been localized specifically to
endothelial cells (1 day), microglia/macrophage-like cells (3 days), and reactive
astrocytes (7 days after occlusion). EpoR expression always preceded that of Epo for
each cell types (9). Similar findings have been observed in human autopsy studies using
immunohistochemical techniques (7). In normal brain, weak Epo/EpoR immunoreactivity
was mainly neuronal. In fresh infarcts, Epo immunoreactivity appeared in vascular
endothelium, and EpoR was seen in microvessels and neuronal fibers. In older infarcts
reactive astrocytes exhibited Epo/EpoR immunoreactivity. Acute hypoxic brain damage
was associated with vascular Epo expression, and older hypoxic damage with Epo/EpoR
immunoreactivity in reactive astrocytes.
Under normal conditions, Epo production is mediated by decreased oxygen (O2) delivery
to oxygen sensors [reviewed in (10)]. Hypoxic stimulation causes production of hypoxiainducible factor (HIF-1), which is the major factor for transcriptional activation of the EPO
gene (11). However, HIF-1 is also found in cells that do not express Epo and is part of a
more widespread O2-sensing mechanism providing transcriptional regulation of numerous
genes, which include vascular endothelial growth factor (VEGF) and glycolytic enzymes
(12).
3. Neuroprotective Mechanisms and Effects of Epo Administration
a. Evidence of Neuroprotection with Epo Administration in Experimental Models - Epo
has been shown to have neuroprotective effects against a variety of types of
experimental neural injury in a variety of species. In rats, Epo has reduced
hypoxic/ischemic injury (13), decreased apoptotic neuronal loss after middle cerebral
artery occlusion (14), reduced infarct volume after focal brain ischemia (2), prevented
the loss of autoregulation in a subarachnoid hemorrhage (SAH) model (15), and
prevented loss of motor neurons following sciatic nerve transection (16). In mice, preischemia Epo administration reduced infarct volume (9) and prevented glutamate
toxicity in vitro (17) and reduced neurotoxicity in - 1-methyl-4-phenyl-1,2,5,6tetrahydropyridine (MPTP)-induced parkinsonism. In gerbils, intraventricular Epo
improved neurobehavioral outcome and reduced neuronal loss in a global ischemia
model (18). In rabbits, Epo has been shown to reduce neurologic deficits in a spinal
cord ischemia model (19) and to reduce cortical neuron loss (20) and reduce
vasoconstriction (21) in SAH models.
b. Mechanisms of Neuroprotection by Epo Administration In experimental studies, the
neuroprotective effects of Epo administration appear to be independent of any
systemic effects. Epo has neuroprotective effects in vitro, where confounding
systemic mechanisms do not exist (17). However, this does not mean that the
systemic effects of Epo administration might not have important independent effects
on outcome, especially the long-term outcome following TBI. The mechanism of the
neuroprotective action of Epo administration is not fully understood, but multiple
potentially beneficial effects have been identified.
1) Systemic vascular effect Epo has a pressor effect which could preserve better
perfusion of the brain in focal and incomplete ischemia models (22).
2) Cerebral vascular effect via NO production The effect of Epo administration on
NO production has been variable from study to study, but a number of studies
suggest that NO production is increased after Epo administration.
a) Increased NO Numerous studies suggest that Epo administration
upregulates NOS or increases NO production (23) or dilates vessels in a
manner that suggests NO production by endothelium (24). In physiological
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circumstances where endogenous Epo production is increased, such as in
athletes training at high altitudes, production of NO is also increased (25).
Finally, in some pathological conditions, Epo administration has been found to
dilate cerebral vessels. In an SAH model, Epo reversed the vasoconstriction
that occurred in intracranial vessels (21). A single dose of rhEPO given
peripherally has been shown to preserve autoregulation of CBF (15).
b) Decreased NO - Chronic administration (1 week) of Epo caused attenuated
depressor responses to endothelium-dependent vasodilators that may have
suggested inhibition of NOS activity (26). Some studies have suggested that
Epo inhibits eNOS protein expression (27) and reduces NO concentration in
the brain after ischemia (28).
c) No change in NO – Some studies suggest that Epo administration does not
alter NO synthesis (29).
3) Anti-apoptotic effects A number of studies implicate Epo activities in apoptosis
pathways. In a global ischemia model in gerbils, expression of Bcl-xL was
markedly increased in the hippocampus of animals given Epo intraventricularly
(30). Activation of neuronal EpoRs prevented apoptosis induced by NMDA (Nmethyld-aspartate) or NO through activation of NF-kappaB by the JAK2 kinase
(31). Studies involving free radical-induced injury in cerebral microvascular
endothelial cells showed that constitutive Epo is present in endothelial cells but is
insufficient to prevent cellular injury. Signaling through the EpoR, however,
remains biologically responsive enough to exogenous Epo administration to offer
significant protection against nitric oxide-induced injury. Exogenous Epo
maintains both genomic DNA integrity and cellular membrane asymmetry through
parallel pathways that prevent the induction of apoptotic-protease activating factor
1 (Apaf-1) and preserve mitochondrial membrane potential in conjunction with
enhanced Bcl-xL expression. Consistent with the modulation of Apaf-1 and the
release of cytochrome c, Epo also inhibits the activation of caspase-9 and
caspase-3-like activities (32). Through pathways that involve the initial activation
of protein kinase B, Epo maintains mitochondrial membrane potential.
Subsequently, Epo inhibits caspase 8-, caspase 1-, and caspase 3-like activities
linked to cytochrome c release through mechanisms that are independent from
the mitogen-activated protein (MAP) kinase systems of p38 and c-Jun N-terminal
kinase (JNK) (33).
4) Anti-inflammatory effect Studies by Brines et al (2) noted that the inflammatory
response to traumatic injury and to ischemia was markedly reduced in Epotreated animals. More recent studies have shown that Epo inhibits activation of
microglia, possibly by reducing phosphatidylserine exposure (34).
c. Pharmacology of Epo Neuroprotection Recombinant human erythropoietin (rhEpo)
is a 165 amino acid glycoprotein with a molecular eight of 30,400 daltons
manufactured by recombinant DNA technology. It is produced by mammalian cells
into which the human erythropoietin gene has been introduced and contains the
identical amino acid sequence of isolated natural erythropoietin (35).. When
administered, it produces the same effects as endogenous erythropoietin(36).
1) Crossing the Blood Brain Barrier: Such a large molecule would not be expected
to cross the blood brain barrier, and some studies measuring CSF levels of Epo
after administration of rhEpo in human neonates who had suffered hypoxic injury
suggest that it does not (4). However, in experimental models,
immunohistochemical studies suggest that Epo administered systemically is
transported into the brain even in uninjured animals (2).
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a) In these studies, at 5 hrs after 5000 IU/kg of Epo was administered IP, labeled
Epo was found surrounding capillaries and extending into the brain
parenchyma a distance 3-4 times that of the thickness of the capillary wall.
b) At 17 hrs after Epo administration, labeled Epo was found localized to
scattered neurons. In addition, measurements of Epo in CSF of rats
demonstrate a 100 mU/ml increase Epo at 30 minutes after administration of
Epo 5000 IU/kg IP (2). These investigators proposed that there is an active
translocation of Epo across the blood brain barrier.
c) In the pilot trial of rhEpo in patients with stroke, CSF levels of Epo were 60100 x higher in the rhEpo treated patients than in the placebo-treated patients
(37).
2) Neuroprotective Dosage Levels Neuroprotective doses for Epo in most of the
experimental studies range from 500-5000 IU/kg (38). In a spinal cord ischemia
model, a dose of 800 IU/kg was equivalent to or slightly better than 1000 IU/kg
(19). In a middle cerebral artery stroke model, doses of Epo between 450 IU/kg
and 1000 IU/kg were effective at reducing infarct volume, while doses below 450
IU/kg were not effective (2).
3) Time Window Epo administration as late as 6 hours after ischemia or trauma has
been shown to be neuroprotective. After 6 hours, however, the neuroprotective
effect is markedly reduced (2). A similar time window for in vitro neuroprotection
studies has been observed (33,32,39). We have also confirmed this 6hr time
window in our rat cortical impact injury model of TBI (see summary of data in
Appendix I).
d. Current Clinical Use of Epo rhEpo, has been used in patients with anemia due to
chronic renal failure (CRF), including those on and not on
dialysis(40,41,42,36,43,44,45,46,47,48,49,77.78), HIV-infected patients treated with
zidovudine(50,51), and adult and pediatric cancer patients receiving
chemotherapy(52,53). In addition, it has also been used for elective
orthopedic(54,55,56,79) surgical patients in order to reduce the need for allogenic
blood transfusions. Adverse events associated with rhEpo administration include
thrombotic events, hypertension, seizures, pure red cell aplasia, progression of
malignant tumors, and increased mortality.

Adverse
Event
Thrombosis

Hypertension

Seizures
Pure Red
Cell Aplasia
Increased
Mortality

Table 1
Population and Effects
- Dialysis patients during procedure may require increased heparin to
prevent clotting of the artificial kidney (35)
- Dialysis patients with ischemic heart disease or congestive heart failure
(35)
- CRF patients where hemoglobin 13-15 g/dl was targeted (77)
- Orthopedic patients treated pre-surgery to reduce need for transfusions
(79}
- Uncontrolled hypertension is a contraindication for use
- Up to 80% of patients with CRF may have hypertension(57), and
approximately 25% of patients on dialysis may require initiation or
increases in hypertensive therapy (35)
- CRF patients (35)
- CRF patients (35)
- Dialysis patients with clinically evident heart disease(58)
- CRF patients where hemoglobin >13.5 g/dl was targeted (76)

-

Viral disease
Progression
of cancer

-
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Adult patients without CRF undergoing coronary artery bypass surgery
(35)
Women with breast cancer receiving chemotherapy(59)
Patients with small cell lung cancer (79)
Patients with cancer not receiving chemotherapy (79)
due to albumin content, there is an extremely remote risk for
transmission of viral diseases; however, no cases of such transmission
have been reported (35)
increased progression of malignant tumors (79)

It is noteworthy that these adverse events, listed in Table 1 above, occurred primarily in
patients with significant medical disease, most notably chronic renal failure, HIV, and
cancer. The proposed population for study in this application will be patients with severe
brain injuries. This population is usually young and relatively healthy.
1) Use of rhEpo on Patients with Neurologic Conditions A safety study and a pilot
efficacy study have been completed for high-dose administration of Epo in patients
with stroke (37). In the safety study, 13 patients received rhEpo intravenously (33,000
IU/50 ml/30 min) once daily for the first 3 days after stroke. No safety issues were
identified. In the double-blind randomized pilot trial, 40 patients received either rhEpo
or saline within 5 hrs of onset of symptoms, and the plasma concentration of
erythropoietin was increased to 5148+1095 mU/ml, compared to 19+3 mU/ml in the
placebo-treated patients. A strong trend for improvement in neurological outcome at 1
month post-stroke was observed in the rhEpo-treated group. A multicenter study of
rhEpo administration in stroke is currently ongoing in Germany. In another recent
clinical study of 1302 critically ill patients reported that treatment with rhEpo 40,000 IU
subcutaneously on day 3 and weekly x 3 doses reduced the need for allogenic blood
transfusion and also increased hemoglobin concentration (3). No adverse events
were reported.
2) Confounding Systemic Effects of Epo in Humans One systemic effect that might be
an important issue is the stimulation of erythropoiesis and subsequent increase in
hemoglobin concentration, which could potentially improve cerebral oxygen delivery.
Most of the in vivo neuroprotection studies have been conducted over an acute time
period, where this effect would be minimal. In addition, asialoerythropoietin, a shortlived Epo preparation produced by completely removing the sialic acids that delay
clearance of Epo in vivo, has equal neuroprotective effects to Epo but does not
stimulate erythropoiesis (60). For any study involving administration of Epo after
trauma, the effect on hemoglobin concentration and the need for transfusion of blood
products would be an important confounding issue.
III.

Study Design This study is a randomized clinical trial using a factorial (2 x 2) design.
Administration of rhEpo and the hemoglobin level for transfusion threshold are the two factors
(i.e. independent variables) in the design that will be randomly assigned. Randomized blocking
will be used. The primary outcome variable (i.e. dependent variable) will be neurologic outcome,
as measured by the Glasgow Outcome Scale (GOS), at six months after injury. Disability rating
scale (DRS) at six months post-injury will be a secondary outcome measure. In addition, the
study will examine the cerebrovascular effects of rhEpo administration and the effects of rhEpo
administration on hemoglobin concentration, as well as the effects of both factors on brain
oxygenation, the need for blood transfusion, and on systemic complications.
A. Patient Assignment to Treatment Groups After enrollment, patients will be randomly
assigned to one of four treatment groups, using two variables -- Epo treatment and
Transfusion Trigger Level -- as shown in Table 2, below:
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Epo
Treatment
No Epo
Treatment

Table 2
Transfusion Trigger < 7g/dl
Group 1:
Treatment with rhEpo
Transfusion trigger <7g/dl
Group 2:
No Epo treatment
Transfusion trigger <7g/dl

Transfusion Trigger < 10g/dl
Group 3:
Treatment with rhEpo
Transfusion trigger <10g/dl
Group 4:
No Epo treatment
Transfusion trigger <10g/dl

B. Rationale for the Factorial (2X2) Design The design uses two variables – Epo treatment
and transfusion trigger level – to assign patients into one of four treatment groups. This is
necessary because there are two major treatment effects anticipated from Epo,
neuroprotection and hematopoiesis, and it is necessary to be able to analyze the data to
detect the impact of each of these variables on the study dependent variable, neurologic
outcome.
1. Potential Confounding with Systemic Administration Epo has been shown to be
neuroprotective in vitro, where confounding systemic effects are not present. It is likely,
however, that systemic Epo administration to TBI patients will produce both a direct effect
on the injured brain (i.e. neuroprotection – the goal of the study) and at least one
systemic effect, stimulation of erythropoiesis with subsequent elevation of serum
hemoglobin levels. As this increase in hemoglobin and associated increase in oxygencarrying capacity could conceivably produce an improvement in neurologic outcome
without the occurrence of neuroprotection, it is necessary to examine the impact of both
of these effects of Epo separately and systematically.
2. Anticipated Hematopoietic Effects The effects of rhEpo administration on erythropoiesis
will probably not alter hemoglobin concentration during the first few days after injury.
From the pilot stroke trial of rhEpo, where patients were given 33,000 IU of rhEpo daily
for three days, there were no significant differences in hemoglobin concentration between
the rhEpo and placebo-treated patients during the first three days (37). After the first
three days, however, we expect to see an overall higher hemoglobin concentration and/or
a lower need for transfusion of blood in the patients that receive rhEpo. As the duration
of ICU care and hospitalization for severe TBI patients is usually at least a week and can
be as long as several weeks, it is almost certain that the hematopoietic effects of rhEpo
will be detectable, and so must be accounted for in the study design.
C. Selection of the Transfusion Trigger Levels The optimal hemoglobin concentration for a
patient with a severe traumatic brain injury is unknown.
1. Current Transfusion Practices in Critical Care Current practice for blood transfusion
level in all types of critically ill patients varies widely. A meta-analysis of transfusion
guidelines in critical care units found that transfusion triggers varied primarily between 7
and 10 g/dl (61). The average hemoglobin concentration prior to transfusion in the CRIT
study of 4892 critically ill patients cared for at 213 hospitals between 2000 and 2001 was
8.6+1.7 g/dl (62). A follow-up survey of critical care physicians regarding transfusion
thresholds in several different clinical situations has recently been reported (63), in which
63% of physicians indicated that they had adopted a 7g/dl threshold for transfusion
trauma patients. This was a significantly higher proportion of physicians than in 1993.
2. Stable vs. Unstable Patients For stable patients, critical care physicians have generally
adopted the lower transfusion threshold of 7g/dl to reduce the risk of transfusion-related
complications. However, for critically ill patients with potential organ ischemia, especially
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of brain or myocardium, there is still considerable controversy over the risk/benefit of this
practice. Recent large retrospective studies in patient groups with multiple trauma (64),
cardiac surgery (65), and acute coronary syndromes (66) have shown blood transfusions
to be an independent predictor of mortality. Each of these studies has recommended
either directly in the paper or in an accompanying editorial that prospective, randomized
trials are needed to define the appropriate transfusion threshold in these subgroups of
patients. It seems clear that there is considerable equipoise for a randomized trial of
transfusion thresholds in these subgroups of critically ill patients.
3. Selection of a Transfusion Trigger for this Trial Based on these and other studies, we
have set the lower conservative end transfusion trigger to be 7g/dl and selected 10g/dl as
the higher level to initiate transfusion. If we use current evidence-based
recommendations and choose a transfusion trigger of 7g/dl for all patients in our
proposed trial, it would minimize the risk of transfusion-related complications. However,
with the transfusion trigger set at this lower level, failure to find a neuroprotective effect
with rhEpo administration might be attributable to secondary injury of the brain caused by
accepting a hemoglobin concentration that is too low.
On the other hand, if we follow the brain-oriented practice and choose a transfusion
trigger of 10g/dl for all patients in our proposed trial, which would theoretically optimize
cerebral O2 delivery, then a better outcome with rhEpo administration might be partially
explained by a reduction in the need for blood transfusion, and so a reduction in
transfusion-associated complications, to maintain the targeted hemoglobin concentration.
The proposed design gives us the best chance to examine the overall neuroprotective
effects of rhEpo and the interactions of rhEpo and hemoglobin concentration, blood
transfusion, and transfusion-associated complications on outcome.
IV.

Selection and Enrollment of Subjects The population of interest for this trial is patients that
have sustained a severe traumatic brain injury, as evidenced by the initial post-resuscitation
Glasgow Coma Score (GCS) but with limited systemic trauma, as categorized by the
Abbreviated Injury Score (67) (AIS).
A. Inclusion Criteria
1. Blunt trauma mechanism of brain injury
2. Glasgow Coma Score – motor ≤ 5 (not following commands) on the post-resuscitation
neurologic exam
3. Available for enrollment and administration of study drug within 6 hours of injury
B. Exclusion Criteria
1. Penetrating trauma (i.e. gun shot wounds)
2. GCS = 3 and bilateral fixed and dilated pupils
3. Pregnant
4. AIS score > 5 for any body part except brain
5. severe pre-existing chronic disease
6. uncontrolled hypertension, defined as MAP > 130mmHg despite antihypertensive
treatment
7. known hypersensitivity to mammalian cell-derived products or human albumin
8. currently taking anticoagulants
C. Study Enrollment Procedures
1. Identification of Potential Subjects Dr. Gopinath, the attending neurosurgeon for all TBI
patients, or Dr. Robertson, medical director of the Neuro ICU at Ben Taub General
Hospital, or UT Neurosurgery or the Neurosurgery Research Team will notify the on-call
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research personnel about potential subjects for the study. The research personnel will
confirm that the patients are eligible, and then try to locate relatives for informed consent.
2. Potential Subjects Not Enrolled in the Study A log list will be kept of all patients who are
screened for the study. If a patient is found to be ineligible for the study, the reason will
be recorded in the log. If a patient is eligible for the study, but relatives cannot be located
or do not wish to participate in the study, this information will be recorded in the log.
Basic demographic information (age, gender, race/ethnicity) and information about the
nature and severity of the brain injury will also be recorded for these patients. No
identifiers will be kept on any of these patients who do not participate in the study.
3. Informed Consent Procedures Patients enrolled in this study will be unable to give
informed consent for the studies because they are unconscious from the severe TBI. In
addition, legally authorized representatives are not commonly available during the first
few hours after injury. Because of the need to administer the study drug as soon as
possible after injury, most patients will be enrolled in this study under the emergency
consent exception. This process will involve the following:
a. We will try to contact relatives of the patient for the first 3 hours after injury. We will
work with the social worker in the EC to find any identifying information available with
the patient, and to call all phone numbers identified as possible relatives at least
once, leaving messages when possible. If family arrives at the hospital within 3 hours
after injury, one of the investigators or their research associates will approach the
family member, describe the study, and ask if they would like to participate in the
study. If they agree to participate, this will be documented by having the appropriate
relative sign an IRB-approved informed consent form, and the patient will be enrolled
in the study. For determining the appropriate relative to sign the informed consent,
we will use the definition of LAR that is practiced at the individual hospital. At Ben
Taub General Hospital, this is the available family member that is highest in the
following order of priority: spouse, adult child, parent, adult sibling, grandparent, adult
grandchild. The highest priority relative may choose to transfer this right to another
eligible relative. At Memorial Hermann Hospital, only the highest priority relative,
even if that person is not immediately available, is able to give informed consent for
research, and this right cannot be transferred to another relative.
b. If we are able to contact relatives by phone within the first 3 hours, but they are not
able to get to the hospital quickly then we will describe the study to the relative by
phone following the narrative that is in Appendix IX. If they are agreeable, we will
enroll the patient in the study using the emergency consent exception. When the
family arrives at the hospital, we will discuss the study with them again and have
them sign the consent form to continue participation in the study.
c. If no family is located within the first 3 hours then we will enroll the patient using the
emergency exception. If relatives not qualified to be LAR are located within the first 3
hours, the study will be explained to them, and we will enroll the patient using the
emergency consent exception if these relatives have no objection. The
circumstantces of the enrollment will be described in a progress note in the patient’s
chart and research records. When family is subsequently found, we will inform them
about the study and allow them the opportunity to continue to participate. If they
agree, we will have them sign the consent form to continue participation in the study.
d. It is possible that a patient might be enrolled in the study using the emergency
exception from informed consent, and then die prior to locating the family. If this
should happen and any relatives are subsequently identified, they will be informed
about the patient’s participation in the study.
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e. We will summarize these events for the IRB at the time of each annual review.
f. At Ben Taub, the original copy of the consent form will be placed in the patient’s
medical record, as required by hospital’s policy. A copy of the consent form will also
be kept in a locked file cabinet in Dr. Robertson’s offices, and a copy will also be
given to the relative signing the form. At UTHSC-H/MHH the original consent will be
kept with study documents and copies will be placed on the chart. A note will be
placed in the chart indicating that the patient has been enrolled in the study. A study
registration form (Appendix VI) will be filled out for the patient and faxed to the Harris
County Hospital District business office (713-873-2278), as required by hospital
policy.
g. It is unlikely that any of the patients will recover sufficiently during the acute
intervention period to give informed consent for research. However, many of the
patients will recover during the 6 month follow-up period. At each of the follow-up
visits (3 months and 6 months), the neuropsychology technicians, under the
supervision of Dr. Hannay, will assess the patient’s level of functioning. If they have
recovered sufficiently to give informed consent, the study will be explained to them
and they will be asked to sign a consent form for the follow-up assessments.
4. Operational Procedure Randomization lists with the four groups (See Table 2, page 18)
will be prepared by Dr. Barbara Tilley, the study statistician, and kept in each hospital’s
research pharmacy. When a patient is enrolled in the study, the research personnel will
call the research pharmacy with the patient’s weight. The pharmacist will select the next
unassigned treatment on the appropriate list, and prepare the assigned drug treatment.
The pharmacist will also tell the research personnel what the assigned transfusion trigger
level is, and this information will be recorded and also put on a label on the front of the
patients chart.
V.

Study Interventions The primary study intervention is the administration of rhEpo; however,
several additional management and treatment variables will be carefully factored into and
controlled in the overall study protocol. In addition to the administration of rhEpo, these variables
include: 1) administration of blood transfusions, as indicated by the transfusion trigger level, 2)
concomitant interventions specific to this protocol, and 3) standard management of patients with
TBI management of blood pressure, intracranial pressure, and cerebral perfusion pressure.
A. Interventions, Administration, and Duration
1. Administration of rhEpo
2. Administration of blood transfusions, as indicated by transfusion trigger level of
hemoglobin
3. Concomitant protocol interventions
4. Standard management of patients with TBI management of blood pressure, intracranial
pressure, and cerebral perfusion pressure
B. Handling of Study Interventions
1. Administration of rhEpo
a. Dosage and administration
1) Patients assigned to one of the “Treatment with Epo” groups (See Table 2, page
18) will receive 500 IU/kg intravenous bolus infusion over two minutes of rhEpo
(Epogen®, Amgen, Inc., Thousand Oaks, CA), within 6 hours of injury. Two
additional doses will be given, one per week for the next two weeks, while the
patient remains in the ICU.
2) Patients randomized to one of the “Treatment with Placebo” groups will receive an
equal volume of normal saline, administered according to the same schedule.
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3) All investigators and clinical personnel will be blinded to the treatment group
administration of rhEpo
4) The hospital’s pharmacy will purchase and store rhEpo for use in this study. The
pharmacist will prepare the assigned treatment drug dose from a standardized
order sheet (Appendix X).
a) The dose of rhEpo (500 IU/kg) will be drawn into a syringe and provided to the
NICU for administration by the nursing staff.
b) The placebo dose of normal saline will also be dispensed by the pharmacist in
a similar manner.
c) The dosage forms of both the rhEpo and the placebo saline will be prepared
so that it is undetectable as which one is given (i.e. blinded).
d) All study personnel will remain blinded to the Epo study drug assignment
b. Dose modification protocol for Epo
1) In the event that patients experience in increased hemoglobin level from the first
rhEpo dose, it will be necessary to modify the protocol for the subsequent two
weekly doses. The first dose of Epo is given primarily for neuroprotection, and
would not be modified because of hemoglobin concentration.
2) However, the subsequent two doses at weekly intervals could potentially increase
hemoglobin concentration excessively, and therefore the following dose
modification rule will be used for these later two doses:
a) If the hemoglobin concentration is >12g/dl or the rate of rise of hemoglobin is
>1.0g/dl over 2 weeks (not due to transfusion), then dose will be held
3) Transfusion during acute bleeding: In patients who are actively bleeding, as may
occur in the early post-injury period, hemodynamic instability may also be used as
an indication for transfusion therapy in both transfusion trigger arms.
2. Administration of blood transfusions, as indicated by transfusion trigger level of
hemoglobin
a. Patients randomized to 'Transfusion trigger < 7g/dl' will have hemoglobin
concentrations maintained at least 7g/dl with transfusion of packed red blood cells
(PRBCs), whenever the patient’s hemoglobin level is found to be less than 7g/dl,
during the acute post-injury recovery period (i.e., until ICP monitoring and ventilatory
support are no longer required).
b. Patients randomized to 'Transfusion trigger < 10g/dl' will have hemoglobin
concentrations maintained at least 10g/dl with transfusion of packed red blood cells
(PRBCs), whenever the patient’s hemoglobin level is found to be less than 10g/dl,
during the acute post-injury recovery period (i.e., until ICP monitoring and ventilatory
support are no longer required).
c. In patients who are actively bleeding, as may occur in the early post-injury period,
hemodynamic instability may also be used as an indication for transfusion therapy in
both transfusion trigger arms.
d. All transfusions will be performed in keeping with the hospital’s standards of care for
the administration of blood and blood products.
e. It is not possible for investigators or clinical personnel to be blinded to the patients’
assignment to transfusion trigger group. However, personnel conducting outcome
assessments will be blinded to all treatment assignments.
C. Concomitant Interventions
1. Concomitant protocol interventions: All patients in the trial will be supplemented with
folate (1mg po/NG or IV daily) and iron sulfate (300-325mg po/NG tid) as a part of the
standard management protocol to be certain that any anemia that might develop is not
due to nutritional deficiencies.
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2. Standard management of patients with TBI
a. All patients enrolled in this study will be cared for in the NICU at Ben Taub, or the
NTICU and possibly the STICU at MHH, during the acute post-injury period.
b. Management will follow a detailed standard protocol (Appendix II) which conforms to
the Guidelines for the Management of Severe Head Injury(68) and also capitalizes on
the unique experience and capabilities of the neuro ICUs. Briefly summarized here,
our management protocol includes:
c. Intubation and ventilation with PaO2 maintained at or near 100 mm Hg and PaCO2
maintained between 35-40 mm Hg
d. Management of fluid volume status to keep mean arterial pressure > 80 mm Hg
e. CT scanning and xenon-CT cerebral blood flow studies on admission
f. Evacuation of mass lesions, when present
g. Monitoring of intracranial pressure (ICP), cerebral perfusion pressure (CPP), brain
tissue oxygenation (PbtO2), and systemic jugular venous oxygenation (SjvO2)
h. Placement of a microdialysis catheter
i. Sedation with morphine
j. Management of elevated ICP – goal ICP < 20 mm Hg
a) Neuromuscular blockade
b) Drainage of CSF
c) Administration of mannitol/hypertonic saline
d) Hyperventilation to a PaCO2 25-30 mm Hg if SjvO2 remains > 55%
e) Barbiturate coma
f) Decompressive craniectomy
k. Management of decreased CPP - goal CPP > 60 mmHg
a) Treat ICP if > 20 mm Hg
b) Fluid resuscitation
c) Dopamine/norepinephrine/phenylephrine/hormonal replacement dose
vasopressin
d) Milrinone or dobutamine as indicated for low cardiac output states
l. Nutritional support starting within 48 hours of injury to supply 140% of estimated
resting energy expenditure
D. Adherence Assessment Protocol adherence will be monitored through the following
mechanisms:
1. Daily clinical supervision: All the investigators will also be involved in the clinical care of
these patients on a daily basis, and matters of protocol compliance and treatment
adherence will be integrated into NICU rounds and other patient care activities, as
appropriate.
VI.

Clinical and Laboratory Evaluations
A. Schedule of Evaluations
see Table 3 on next page
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Table 3. Schedule of Evaluations
Part of Standard
Management?

Timing of Test

Screening Tests:
Neurological/general
examination
CT scan of head and other
organ systems as indicated by
injury
Hct/Hgb
BUN/creatinine/electrolytes
liver function tests
ABGs
Chest x-ray

Day
0/1

at admission

yes

X/-

at admission

yes

X/-

at admission
at admission
at admission
at admission
at admission

yes
yes
yes
yes
yes

X/X/X/X/X/-

Informed Consent:

after screening

for study

X/-

Randomization:

after informed consent,
enrollment must occur within
6 hr of injury

for study

X/-

for study

X/

Treatments and Physiological Monitoring of Treatments:
Study drug (rhEpo 500IU/kg or
within 6hr of injury, and then
placebo) IV over 2 minutes
qwk x 2 while still in ICU
Evaluate for possible study
days 9 and 16 before giving
drug dose modification
dose of study drug
Vital Signs (EKG, HR,
continuously monitored on
Temperature, BP, SpO2,
bedside monitor, recorded
+ICP, +ETCO2, +SjvO2,
q1h plus q15min during study
+PbtO2)
drug administration
Noninvasive cerebral
hemodynamics (mcaFV, FVol,
ARI, THRR, CO2R)
O2 reactivity test
Arterial, jugular venous blood
for blood gases, serum for
Epo, nitrate/nitrite
CSF for Epo, nitrate/nitrite

qd days 1-10
qd x 10d while PbtO2 is being
monitored
within 30 min before and at
1hr after study drug
administration on day 1
within 30 min before and at
1hr after study drug
administration on day 1

Timing of Test
Dialysate for Epo,
nitrate/nitrite (sample collected

within 30 min before and at
1hr after study drug

Day
2

Days
3-4

Day
5

Days
6-8

for study

Day
9

Day
10

X

X

X

X

X

X/

x/X

X

X

X

X

X

X

for study

-/X

X

X

X

X

X

X

samples are collected for
study, catheters for
drawing samples are
standard
samples are collected for
study, catheters for
drawing samples are
standard

X/

Day
2

Days
3-4

Day
5

Days
6-8

Day
9

Day
10

samples are collected for
study, catheters for

Day
16

X

continuously at bedside
and recorded q1h is
standard, recording
q15min during study
drug administration is for
study
for study

Part of Standard
Management?

Days
11-15

Days
17-29

Day
30 or
D/C

3 Mo

6 Mo

Days
17-29

Day
30 or
D/C

3 Mo

6 Mo

X/

Day
0/1
X/

Days
11-15

Day
16
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over 30min)

administration

Serum, CSF, and dialysate for
Epo, nitrate/nitrite, and
inflammatory markers
xenon CT CBF, CMRO2

qd x 10d while still in ICU

Freeze and save any
contused brain tissue
debrided at surgery and not
needed for pathology
Apply assigned transfusion
trigger guidelines

Hct/Hgb
Hct/Hgb
Vital Signs (EKG, HR,
Temperature, BP, SpO2,
+ICP, +ETCO2, +SjvO2,
+PbtO2)
Noninvasive cerebral
hemodynamics (mcaFV, FVol,
ARI, THRR, CO2R, O2R)
Record detailed information
about blood transfusions
Record SOFA score qd and
detailed information about any
infections that occur
ABG, PaO2/FiO2
Chest x-ray
Record detailed information
about ARDS that occurs

within 12 hr of injury, at
48+2hr and 120+4 hr after
injury
any surgery done

during acute post-injury
period (days 1-10 or until not
requiring ICP monitoring and
ventilatory support)
before and 1hr after any blood
transfusions that are given
during days 1-30
qd x 10d, then qwk while in
ICU, at 30d or hospital
discharge
continuously monitored on
bedside monitor, recorded
q1h plus q15min any blood
transfusions that are given
days 1-30
within 30 min before and at
1hr after any blood
transfusions that are given
during days 1-5
any occurrence during first 30
days or to hospital discharge
qd (SOFA) and any
occurrence (infections) during
first 30 days or to hospital
discharge
at admission and qd while
ventilated
at admission and qd while
ventilated
any occurrence during first 30
days or to hospital discharge

drawing samples are
standard
for study

-/X

X

yes

-/X

X

for study

X/X

X

X

transfusion is standard
managementrandomization to
transfusion trigger is part
of study
yes

X/X

X

X/X

yes

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X/X

X

X

X

X

X

X

yes

X/X

X

X

X

X

X

X

for study

X/X

X

X

X

X

for study

X/X

X

X

X

X

X

for study

-/X

X

X

X

X

yes

X/X

X

X

X

yes

X/X

X

X

for study

X/X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Part of Standard
Management?

General Monitoring:
Vital Signs (EKG, HR,
Temperature, BP, SpO2)
BUN/creatinine/electrolytes
liver function tests

continuously monitored on
bedside monitor, recorded
q1h while in ICU
qd x 10d, then qwk while in
ICU, at 30d or hospital
discharge
admission, day 9, day 16
while in ICU, at day 30 or
hospital discharge

Day
30 or
D/C

Day
0/1

Day
2

Days
3-4

Day
5

Days
6-8

Day
9

Day
10

Days
11-15

Day
16

Days
17-29

yes

X/X

X

X

X

X

X

X

X

X

X

X

yes

X/X

X

X

X

X

X

X

X

X

X

yes

X/-

for study

-/X

Timing of Test

X

X

3 Mo

6 Mo

X

X

X
X
X

X
X
X

X

Long-Term Outcome:
GOAT
GOS
DRS
Neuropsych battery

Daily until score ≥ 76 (or
patient DC), 3, 6 mo
at 3 and 6 mo
at 3 and 6 mo
at 3 and 6 mo

for study
for study
for study

X

X

X

X

X

X

X

X

X

X
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B. Timing of Evaluations
1. Pre-randomization evaluations
a. Screening:
1) The screening tests that will be done to determine eligibility in the study are those
which are normally done as a part of the emergency department work-up of a
patient with a severe TBI, including:
a) a neurological/general examination,
b) a CT scan of head (required) and other organ systems as indicated by the
injury,
c) hematocrit and hemoglobin (Hct/Hgb),
d) blood urea nitrogen (BUN) and creatinine,
e) serum electrolytes,
f) liver function tests,
g) arterial blood gases (ABGs),
h) chest x-ray
i) body weight
2) Screening activities done specifically and exclusively for this study will include:
a) Comparing clinical data obtained from the routine evaluation (above) with the
study inclusion and exclusion criteria
b) Determining the time period from injury to hospital arrival to determine
whether the patient falls within the time line for study eligibility
c) Identifying family members and their potential availability to provide informed
consent
b. Pre-entry:
1) Family members will be approached regarding the patient’s participation in the
study only after they have been informed about the patient’s medical condition
2) Informed consent must be obtained within the 6 hour time window for study
enrollment and administration of study drug
c. Entry:
1) The on-call research personnel will verify that enrollment has occurred within the
6 hour time window.
2) The on-call research personnel will notify the research pharmacist of the patient’s
enrollment
3) The research pharmacist will verify the time from injury and body weight in order
to determine the appropriate randomization assignment
2. On-study evaluations
a. Physiologic monitoring related to administration of study drug/placebo
1) See Table 3 (page 24) for detailed listings
2) Continuously monitored and recorded every 15 minutes during study drug
administration
a) Vital signs (heart rate, temperature, blood pressure)
b) MAP, ICP, and CPP
c) Oxygen saturation (SpO2)
d) Jugular venous oxygen saturation (SjvO2)
e) Brain tissue oxygen saturation (PbtO2)
3) Performed daily on hospital days 1-10
a) Non-invasive cerebral hemodynamics
i.
middle cerebral artery flow dynamics (mcaFV)
ii.
internal carotid artery flow volume (icaFvol)
iii.
autoregulatory index (ARI)
iv.
transient hyperemic response ratio (THRR)
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v.
CO2 reactivity (CO2R)
b) Oxygen reactivity test performed once every day that PbtO2 is monitored
c) Analysis of arterial, jugular venous blood for:
i.
blood gases
ii.
Epo levels
iii.
Nitrate/nitrite levels
iv.
Inflammatory markers
d) Analysis of CSF and microdialysis fluid
i.
Epo levels
ii.
Levels of nitrate/nitrite
iii.
Inflammatory markers
4) Performed within 30 minutes before and 1 hour after administration of the study
drug on hospital day 1
a) Analysis of arterial, jugular venous blood for
i.
blood gases
ii.
Epo levels
iii.
Nitrate/nitrite levels
iv.
Inflammatory markers
b) Analysis of CSF and microdialysis fluid
i.
Epo levels
ii.
Levels of nitrate/nitrite
iii.
Inflammatory markers
5) Performed during specific time windows after injury
a) Tests
i.
Stable xenon CT-CBF
ii.
Cerebral metabolic rate of oxygen (CMRO2)
b) Times for evaluation
i.
between 1 – 12 hours after injury
ii.
between 46 – 50 hours after injury
iii.
between 116 – 124 hours after injury
6) Performed on surgical specimens
a) Any brain tissue that is resected and not required for clinical neuropathological
analysis will be frozen at
-80oC for later analysis of Epo and EpoR.
b. Physiologic monitoring related to transfusion trigger level
1) See Table 3 on page 24
2) Continuously monitored and recorded every 15 minutes during transfusions given
in ICU on hospital days 1-30
a) Vital signs (heart rate, temperature, blood pressure)
b) MAP
c) ICP and CPP, if ICP monitor is present
d) Oxygen saturation (SpO2)
e) Jugular venous oxygen saturation (SjvO2), if monitor is present
f) Brain tissue oxygen saturation (PbtO2), if monitor is present
g) Oxygen reactivity test performed once every day that PbtO2 is monitored
3) Performed within 30 minutes prior to and 1 hour after any blood transfusions
given during hospital days 1-5
a) Non-invasive cerebral hemodynamics
i.
middle cerebral artery flow dynamics (mcaFV)
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ii.
iii.
iv.
v.

internal carotid artery flow volume (icaFvol)
autoregulatory index (ARI)
transient hyperemic response ratio (THRR)
CO2 reactivity (CO2R)

c. General monitoring
1) Intensive care monitoring
a) See Table 3 (page 24) for detailed monitoring activities related to
administration of study drug and transfusions
b) Additional ICU monitoring activities
i.
arterial blood gases and PaO2/FiO2 measurements daily while on
mechanical ventilation
ii.
chest x-ray daily while on mechanical ventilation
iii.
laboratory evaluations daily for 10 days, then weekly while in the ICU,
then at hospital day 30 or discharge, whichever is earliest:
- blood urea nitrogen (BUN)
- creatinine
- serum electrolytes
- hematocrit and hemoglobin
- liver function test (weekly only)
2) Transfusion monitoring
a) Record detailed information about blood transfusions including:
i.
Blood product type (i.e. whole blood, packed red blood cells, etc)
ii.
Age of the blood product
iii.
Any transfusion-related reactions
3) Complication monitoring during the first 30 days or until hospital discharge,
whichever is first
a) Record detailed information about any infectious complications (i.e.
pneumonia, bacteremia, urinary tract infection, ventriculitis)
b) Record detailed information about episodes of Adult Respiratory Distress
Syndrome (ARDS)
c) Calculate the Sepsis-related Organ Failure Assessment (SOFA) score, for first
30 days or until hospital discharge (whenever sufficient information is
available to calculate score)
3. Intervention discontinuation evaluations
a. There are no specific evaluations performed at the time of the final dose of study
drug.
b. Patients will be managed according to the study protocol for the duration of their stay
in intensive care, which will most likely extend beyond the actual time of study drug
administration.
4. Post-intervention evaluations
a. At the time of hospital discharge, patients will be evaluated for the appropriate level of
care and discharge accordingly, with the majority of patients requiring inpatient
rehabilitation or some type of extended care facility from historical experience
b. Evaluation of long-term neurologic outcome will include the following tests:
1) Galveston Orientation and Amnesia Test (GOAT) daily until the score is = 76 (or
hospital discharge) and at 3 and 6 months post-injury
2) Glasgow Outcome Scale (GOS) score at 3 months and 6 months post-injury
3) Disability Rating Scale (DRS) score at 3 months and 6 months post-injury
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4) Neuropsychology battery of tests (listed in Appendix III) at 3 months and 6
months post-injury
c. For patients who are lost to follow-up at 6 months post-injury, we will search vital
statistics databases to determine if we can document that the patient has died.
5. Final evaluations: The 6 month evaluation will be the final evaluation for this study.
6. Pregnancy
a. Approximately 70% of severe TBI patients are male. Women of childbearing age will
have a negative pregnancy test prior to enrolling in the study.
b. It is highly unlikely that a female subject would become pregnant during the
hospitalization portion of this trial.
c. In the event that a female subject becomes pregnant after hospital discharge but
during the 6 month follow-up period, this will be noted in the patient’s study records
and reported to the DSMB. There should be no residual effects from the study drug
by this point.
C. Special Instructions and Definitions of Evaluations
1. Informed consent
a. Patients will be unable to provide informed consent due to unconsciousness from
their severe brain injury
b. The procedure for obtaining informed consent is discussed in Section 4.3.c on page
20
2. Documentation of TBI and other clinical conditions
a. All clinical patient data will be recorded on hospital forms currently in use for day-today patient care according to the best clinical judgment of the treating clinicians
b. Description of the traumatic brain injury will be done using the following standardized
assessments:
1) Glasgow Coma Scale
2) Clinical neurologic exam
3) Marshall classification of traumatic brain injury on CT scan(69)
4) Trauma triage primary and secondary surveys and neurosurgery admission
history and physical
5) Abbreviated Injury Score
a. Research data will be transcribed/entered onto case report forms, both
manual and electronic, designed specifically for this study
b. Data about medical complications related to specific study hypotheses will be
recorded in accordance with definitions (see Appendix VIII) promulgated by
the Centers for Disease Control (70), the American College of Chest
Physicians/Society of Critical Care Medicine (71), or other recognized expert
panels for the following conditions:
1) Pneumonia (70)
2) Urinary tract infection (70)
3) Ventriculitis (70)
4) Bacteremia (70)
5) Acute respiratory distress syndrome (72)
6) Systemic inflammatory response syndrome (SIRS) (71)
7) Sepsis (71)
8) Multiple organ dysfunction syndrome (MODS) (71,73)
9) Septic shock (71)
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3. Medical history: A medical history will be taken on admission to the hospital, including
any past history of neurologic problems or conditions
4. Treatment history: Significant medical treatments that the patient was receiving prior to
the injury will be recorded, including prescription medications, alternative and
complementary therapies, recreational drug use, and use of alcohol and tobacco.
5. Concomitant treatments: Data about the patient’s inpatient care will be recorded
including medications administered and neurologic and other major surgical procedures
performed.
6. Study intervention modifications: See Section 5.2.a.ii on page 22
7. Clinical assessments: See Section 6.3.b on page 30 and also Table 3 on page 24
8. Laboratory evaluations: See Table 3 on page 24 and Section 6.2 on page 27
9. Pharmacokinetic studies: While there will be evaluations of Epo levels in CSF and
microdialysate fluid, no true pharmacokinetic studies will be done for this study
10. Other laboratory studies: See Table 3 on page 24 and Section 6.2 on page 27
11. Additional evaluations
a. The stable xenon CT imaging is performed under another IND protocol (IND
#62,662). The procedures related to this evaluation are detailed in the manual of
procedures for that protocol.
b. The details of the noninvasive Doppler-based non-invasive evaluations of cerebral
hemodynamics (see section 6.2.b.i.c.i on page 27) are described in detail in the
manual of procedures.
12. Questionnaires: The Disability Rating Scale and Glasgow Outcome Scale structured
interviews are validated and widely-used instruments to evaluate outcome from severe
brain injury. They are shown in Appendix IV and V, respectively.
13. Adherence assessments: See Section 5.4, page 22.
D. Off-Intervention Requirements: none
VII.

Management of Adverse Experiences
A. Risks Associated with the Protocol
1. Standard management of severe TBI: All procedures used in the management of TBI
will follow a detailed standard protocol (Appendix II) which conforms to the Guidelines
for the Management of Severe Head Injury(68) and also capitalizes on the unique
experience and capabilities of this neuro ICU
2. Risks associated with administration of rhEpo
a. Known adverse effects of rhEpo administration – see section 2.2.c.iv page 16
b. Specific risks
1) Hypertension: Although high blood pressure is a potential side effect, it has
been noted only rarely in patient groups other than in chronic renal failure
patients. In the pilot stroke trial of rhEpo (37), intravenous administration of the
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drug in the doses planned for the current study had no significant effect on blood
pressure.
2) Thrombotic events: An increased incidence of thrombotic events and also an
increased mortality has been observed primarily in studies where the target
hematocrit was a normal value (i.e. 14-16g/dl for males, 12-14g/dl for females).
This risk is minimized in the current study by targeting a lower hematocrit and with
the dose modification rules that will be applied to the fourth and fifth doses of Epo.
3. Risks associated with blood transfusion:
a. Keeping hemoglobin levels greater than 10 g/dl may very well require more
transfusions than keeping levels above 7 g/dl, thus increasing the risk for transfusionrelated complications including:
1) transmitted infections (risk of hepatitis B 1:100,000, risk of HIV 1:1,000,000),
immune-related reactions including an increased risk of nosocomial infections
(5.2- to 6-fold increased risk)
2) non-immune-related reactions such as fluid overload and ARDS
b. Keeping hemoglobin levels greater than 7 g/dl may put the injured brain at risk for
hypoxia and decreased CBF
c. Both levels of hemoglobin (7g/dl vs. 10g/dl) are considered clinically acceptable with
some risk and some potential benefit, but it is not known for this subgroup of critically
ill patients which level has the best risk-to-benefit ratio.
B. Event Reporting
1. Expected adverse events (see Appendix VIII for definitions) that will be tracked and
reported in summary tables as rates per patient, and rates per patient days:
a. Severe hypertension
b. Thrombosis/thrombophlebitis events (deep vein thrombophlebitis, pulmonary
embolus, myocardial infarction)
c. ARDS
d. Infections (meningitis/ventriculitis, urinary tract infection, pneumonia, bacteremia,
MODS, sepsis/SIRS, septic shock)
e. Brain tissue hypoxia
2. Screenshots of the forms that will be used to document details about these expected
serious adverse events are shown in Appendix VIII.
3. TBI patients will also have many serious adverse events related to the severity of their
traumatic injury. A checklist of adverse events (see Appendix VIII) will be used daily for
the first 30 days post-injury to monitor for these events.
4. All adverse events that involve harm to the subject, that are unexpected and that are
related to the study procedures will be reported to the following bodies within 5 working
days:
a. Local Institutional Review Board (IRB)
b. The FDA
c. The study medical safety monitor, Dr. Matthew Carrick
d. The study statistician, Dr. Barbara Tilley and Dr. Jose-Miguel Yaml
e. The NINDS clinical research project manager, Joanne Odenkirchen, who will forward
the information to the Data Safety and Monitoring Board (DSMB) if appropriate
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Other serious adverse events will be reported to the safety monitor and the statistician
within 5 working days. These adverse events will be recorded in individual patients for
the first 6 months post injury.
.
5. All other adverse events will be summarized every 6 months (approximately every 20
patients) for the DSMB and yearly for the IRB and FDA.
6. Event thresholds that would prompt early review of adverse events are given in a table in
Appendix VIII
7. Reporting Adverse Event (AE) Data
a. Dr. Tilley will prepare 2 sets of reports to facilitate AE monitoring and evaluation
1) Summary of AEs by time period: a complete summary of the adverse events
reported during a particular time period, and the total number of adverse events of
each type to date
2) Patient Specific Reports: demographic and injury description of the patient will be
presented, including a time-line documenting the date and time of injury, the time
of arrival in the emergency center, the time of arrival in the NICU, the times of all
surgeries, the times of all study related procedures and therapies, and the times
of all adverse and serious adverse events
a. All summary and patient-specific AE reports will be presented in A/B/C/D
format unless otherwise requested by the DSMB
C. Safety Monitoring
1. Medical Safety Monitor: Dr. Matthew Carrick, an experienced trauma surgeon, will serve
as the Safety Monitor for the study. He will review the medical records of each of the
cases enrolled in the study for compliance with the protocol, as well as all of the serious
adverse event reports.
2. Data Safety and Monitoring Board: A Data and Safety Monitoring Board (DSMB) will be
assembled for this study.
a. The members of the DSMB are:
1) Kyra Becker, MD (Associate Professor of Neurology and Neurological Surgery,
University of Washington Medical Center)
2) Charles F. Contant, PhD (Pfizer Global Research and Development)
3) Daniel F. Hanley, MD (Jeffrey and Harriet Legum Professor Acute Care
Neurology, The Johns Hopkins Medical Institutions)
4) Geoffrey Manley, MD, PhD (Associate Professor of Neurological Surgery,
University of California San Francisco)
5) Ramon Diaz-Arrastia, MD, PhD (Professor, Department of Neurology,
Southwestern Medical School)
b. The study statistician, Dr. Tilley, will prepare a report set for the DSMB consisting of:
1) Demographic data
2) Injury descriptors
3) Clinical management and protocol compliance data
a) ICP, CPP, and MAP data summaries
b) Use of mannitol and vasopressors
c) Number and types of surgical procedures
d) Results and timing of non-invasive cerebral hemodynamic evaluations
e) Results and timing of xenon-CT CBF and CMRO2
4) Study treatment data (rhEpo administration status blinded)
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a) compliance with drug administration schedules and procedures
b) hemoglobin and hematocrit data
c) number and types of transfusions
5) summaries of monitoring data for the patients as a group
c. These reports (ii above) will be generated as a total group (i.e. no segregation by
treatment group) for review by the study staff.
d. In addition, these same reports (ii above) will be generated in an A/B/C/D manner for
use by the DSMB alone. All the variables included in Report Set 3 will be broken
down into these four treatment categories. Where the information provided would
serve to unblind the report, the A/B/C/D designation will be randomly permuted so
that it is not like the order in the other parts of the report. Only if the DSMB request
unblinding, and provides a reason to which the NINDS agrees, will the data be
unblinded. The reports in this set will be generated by Dr. Swank, who will be the only
unblinded individual.
VIII.

IX.

Criteria for Intervention Discontinuation: The study intervention will be discontinued in the
following circumstances:
A. The dose of Epo may be held for patients that show an elevation in hemoglobin. See section
5.2.a.ii on page 22
Statistical Analysis Plans
A. OVERVIEW
The statistical analysis plan includes an interim analysis for futility of EPO, interim analyses for
EPO safety at each DSMB meeting, and an interim analysis for efficacy of a Trigger. The final
analysis will be an EPO futility analysis, a Trigger GOSS analysis, and a Trigger safety analysis.
The expected sample sizes at the end of the trial are given in Table 1.
Table 1 End of Phase II Trial (Expected Numbers*)
X. Trigger

I. EPO Dose 1

<7

18

<10
Total

20

I. EPO Dose 2 I. Concurrent
Placebo Dose 1
31 *
19
31 *

100 **

V. Concurrent
Placebo Dose 2
32 *

17

32 *
100 **

*For Dose 1 simple randomization was used leading to an imbalance in treatment assignments.
For Dose 2, randomization was blocked (block size randomly chosen) and initially stratified by
time from injury to ED arrival and later by site (Baylor, Herman). At the DSMB meeting in
September, 2010, the DSMB approved eliminating the time-related strata given the limited
recruitment into the early strata. Given the numbers in the early strata and Herman strata are so
small, strata will be ignored in the analysis.
All patients will be analyzed in the EPO and in the trigger group to which they were assigned
regardless of the amount of blood received. Where the Glasgow Outcome Structured Scale
(GOSS) is used as an outcome the GOSS will be dichotomized as unfavorable (dead,
vegetative, and severely disabled) or favorable (moderately disabled and good recovery).
B.

INTERIM ANALYSIS FOR FUTILITY OF EPO
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One interim analysis for futility of EPO will be conducted using a Bayesian approach appropriate
to the futility design. We would not use stochastic curtailment as an interim analytic approach.
Even if the EPO drug is futile at an interim stage, there would still be an interest in finishing the
study to be able to compare the trigger arms and to obtain as much data as possible to
determine if a future Phase III trial should be conducted.
C.

INTERIM ANALYSIS OF TRIGGER FOR GOSS

One interim analysis of trigger with GOSS as the outcome will be conducted. This interim
analysis will use the O’Brien-Fleming stopping boundary (81) as a guideline for any
recommendation of early termination due to overwhelming efficacy (as measured by the GOSS
score). In addition, we will compute the conditional power (82) to detect a 20% difference in
GOSS and determine if a recommendation to stop for lack of efficacy should be considered.
D.

INTERIM SAFETY ANALYSIS

Safety analyses will be presented at each meeting of the DSMB. For all safety analyses of EPO,
except tests of interactions, we will use a critical level of 0.001 and will not adjust for multiple
comparisons. Except for tests of dose-trigger interactions, primary safety analyses will combine
data across EPO dose 1 and 2 and use all placebo patients. If a safety concern is identified we
will focus on providing necessary data to assess the consistency of evidence across dose.
1. Testing for a EPO dose x Trigger Interaction
a. EPO - We will test for a trigger (<7, <10) x EPO (EPO dose 1, EPO dose 2, placebo)
interaction with respect to the primary EPO outcome, the dichotomized GOSS
(unfavorable versus favorable). We will use a log linear model testing at a critical level of
0.20 rather than the traditional 0.1 or 0.05 to increase our ability to detect an interaction.
In the presence of an interaction we would determine if the interaction was driven by EPO
dose 1 or dose 2 or the two doses combined and this would guide the analyses. In the
absence of an interaction we will test for a main effect of EPO and a main effect of
Trigger as described below. At the end of the trial, when more data are available, we will
test again for an interaction using a 0.1 criterion, whether or not an interaction is detected
in this analysis.
b. Trigger - We will test for a trigger (<7, <10) x EPO (EPO dose 1, EPO dose 2,
placebo) interaction with respect to the three primary trigger safety outcomes, ARDS,
mortality, and infections (all SAEs considered to be infection-related).
2. NO Trigger Dose Interaction Detected
a. EPO safety analysis
We will compare the EPO and placebo groups on dichotomized GOSS at week 4, 3
months and 6 months using a one-sided two-sample test of proportions. We chose a
one-sided test as we are testing the hypothesis that there are more poor outcomes in the
EPO arm as compared to placebo. We will compare mortality using time to event
analysis and a time to first event analysis for each SAE with deaths censored when they
occur.
b. Trigger safety analysis
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We will compare the two Trigger groups on the three primary safety outcomes, incidence
of ARDS, mortality, and incidence of infections (pneumonia, bacteremia, UTI, and
ventriculitis) at each DSMB meeting starting in 2011 using a two sample test of
proportions using a uniform critical level of 0.001 (80). Secondary outcomes assessed
for safety include the duration of time that PbtO2 is less than 10 mmHg, duration of time
that ICP is greater than 30mm Hg, and highest ICP treatment score. We will use a twosided two-sample test of proportions with a uniform critical level of 0.001 for binary
variables. For continuous or ordinal variables, we will use either a two-sample t-test or a
Wilcoxon rank sum test if the normality assumption is not satisfied with a uniform critical
level of 0.001. We chose a two-sided test for Trigger as we would consider a difference in
either direction a safety issue.

3. Trigger Dose Interaction Detecteda.

Analyses below assume the interaction
was not driven by a single dose group. If this is not the case, the analyses below would
be modified accordingly.
b. EPO safety analysis
In the presence of a trigger by dose interaction we will conduct the comparisons of EPO
and Placebo within trigger category using the same analyses as described above.
c. Trigger safety analysis
If there is an interaction detected for primary trigger outcomes at an interim analysis we
will bring this to the attention of the DSMB and will ask the DSMB to determine if further
action should be taken. We will also conduct separate comparisons of Trigger <7 to
Trigger <10 within EPO dose and within placebo using the same analyses as described
above.
4. Other Safety Analyses
We will present adverse events and SAEs and heat maps of laboratory values along with
other descriptive tables and figures by EPO Dose 1, EPO Dose 2, and placebo and
separately by Trigger <7 and Trigger <10. If a trigger interaction is detected we would
present additional data by Dose and Placebo within Trigger group.
If an EPO safety issue arises, we will redo the analysis by two cohorts, EPO Dose 1
versus concurrent placebo (placebos accrued during the time period when Dose 1 was
collected) and EPO Dose 2 versus concurrent placebo (accrued during the time period
when Dose 2 was collected). Using these separate Dose/Concurrent Placebo cohorts will
provide descriptive dose-related information and will protect from the bias introduced by
placebo group differences related to changes over time that could be introduced by using
the total placebo group. In particular there were changes in the consent procedure that
were instituted during the study that may have affected the race/ethnicity distribution,
SES, and there may have been other un-measureable changes over time that could
affect outcome.
5. DSMB Decisions

Epo for TBI
Version 12, 4/19/11
Page 37 of 127
The DSMB will consider whether a trigger arm or EPO dose 2 must be stopped for safety
at each DSMB meeting. EPO dose 1 was stopped previously. In making any decision the
DSMB would consider the p-values as guidelines. If other concerns are generated by the
tables, the lack of a p-value <0.001 would not preempt the DSMB from stopping an arm
or stopping the trial. Because many comparisons are being made, it is possible to make
a Type I error. However, the purpose of the safety analysis is to detect any possible
safety concerns and ask the DSMB to assess consistency of evidence.
E. FINAL ANALYSIS OF EPO AT THE END OF THE TRIAL
The numbers of patients randomized in the early strata and in the Hermann site are so small,
that analyses will not take this stratification into account. All analyses are by intent to treat with
missing values replaced by methods of multiple imputation. For all subjects with a missing
GOSS final outcome we will use vital statistics records to assess mortality unless other
information is available. For GOSS missing scores could be estimated from the patient’s current
level of activity (e.g. death certificate, in nursing home, holding a job, or other information)
depending on the extent of information available. Where a value is to be coded based on
outside information, an independent observer (Dr. Julia Hannay) familiar with the GOSS, and
blinded to treatment assignment, will make the GOSS designation. We will test for an EPO dose
x trigger treatment interaction for the primary EPO and trigger outcomes using a critical level of
0.1. If an interaction is detected we would modify the analysis plans below to conduct EPO
futility analyses within Trigger category and Trigger analyses within treatment categories. Since
we will only conduct these analyses if there is a significant interaction we assume weak
protection of alpha and would conduct the analyses within category at p=0.05.
In all the analyses comparisons will be considered separate questions (79) and we will not adjust
for multiple comparisons.
1. EPO Futility Analysis
We will test for futility of EPO at the end of the trial unless the trial is stopped prematurely. In
the absence of an EPO trigger interaction we will conduct the primary futility analysis
comparing EPO 2 to concurrent (or combined) placebo. The futility analysis will be done for
the EPO 2 regimen only for two reasons. First, the FDA currently will not allow the use of the
higher dose. Secondly, the lower dose (EPO2) may be less effective or the higher dose could
be more toxic and including the higher dose could lead to misleading results. As a secondary
analysis, we will use logistic regression adjusting for variables unbalanced in randomization,
one sided alpha of 0.15. We will also perform a secondary futility analysis using EPO 1.
If analyses must be conducted within trigger category (given the presence of an EPO-trigger
interaction) these will be considered separate questions [79] and we will not adjust for
multiple comparisons. We will conduct EPO dose 1 and dose 2 versus placebo analyses
separately as described above.
Due to the small sample sizes for assessing EPO, we gain power if we combine the two
concurrent placebo groups for the futility analyses. We will test if the placebo group using the
first dosing regimen is significantly different than the placebo group using the second dosing
regimen using a two-sample test of proportions of the dichotomized GOSS using a two-sided
alpha = 0.05. The two placebo groups will be combined if no significant difference is found. If
a difference is detected we would use the concurrent placebo groups (pPLC1, pPLC2
respectively).
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The purpose of the futility analysis is to test the null hypotheses that:
H0 : pEPOi > pPLC + 
Ha: pEPOi < pPLC + 
where
pEPOi = the proportion expected to have a good GOSS outcome in the treated group
under the dosing regimen (i=1,2 where 1= dose 1 and 2=dose 2)
pPLC = the proportion expected to fail in combined placebo group
 = the increase in good outcomes considered clinically meaningful
pEPOi = pPLC +  = target threshold; if change is less than pPLC + , do not consider
studying the drug in a phase III trial.
We will use a two-sample test of proportions, one-sided alpha = 0.15. Rejecting the null
hypotheses implies that it is futile to take the treatment to Phase III. Failing to reject implies
that futility could not be detected and given the many other considerations that go into a
Phase III trial, a Phase III trial may be worthwhile to conduct. We will use STAT EXACT to do
computations of p-values.
2. Sample size and Power
The following table gives the power for the futility analysis with one-sided alpha=0.15,
placebo 0.3 versus EPO 0.5. If there is no interaction between dose and trigger for the
primary EPO outcome, GOSS favorable versus unfavorable, then all analyses will have
sufficient power except for EPO 1 versus concurrent Placebo 1 if the placebo groups cannot
be combined. In the presence of an interaction, the futility analyses will be under-powered to
detect small differences.
Table 2. Power for EPO futility analysis

All TT

<7 TT

<10 TT

EPO1
EPO1
EPO2
EPO2

Placebo1
all Placebo
Placebo2
all Placebo

n1
38
38
62
62

n2
36
100
64
100

power
0.69
0.83
0.86
0.91

EPO1
EPO1
EPO2
EPO2

Placebo1
all Placebo
Placebo2
all Placebo

18
18
31
31

19
51
32
51

0.45
0.57
0.63
0.71

EPO1
EPO1
EPO2
EPO2

Placebo1
all Placebo
Placebo2
all Placebo

20
20
31
31

17
49
32
51

0.45
0.59
0.63
0.71
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In addition to assessing futility under these hypotheses, the analysis may help us in
determining the sample size for Phase III if a trial is warranted.
F. FINAL ANALYSIS OF TRIGGER AT THE END OF THE TRIAL
The final analyses at the end of the trial will be (1) a comparison of GOSS between trigger <7
versus <10, (2) comparisons of safety outcomes mortality, ARDS, and infections between
triggers, and (3) comparisons of secondary safety outcomes. In the presence of a dose*trigger
interaction, as for the futility analysis, we will conduct separate safety analyses of trigger within
dose category. Since we will only conduct these analyses if there is a significant interaction we
assume weak protection of alpha and would conduct the analyses within category at p=0.05
1. Trigger final GOSS analysis
The primary outcome will be the dichotomized GOSS score. We will use a two-sample test of
proportions, two-sided alpha = 0.05.
2. Trigger final safety analysis
The three primary safety outcomes for the trigger analysis are mortality, the incidence of
ARDS, and the incidence of infections (total number of incidences of pneumonia, bacteremia,
UTI, and ventriculitis). Secondary outcomes include the duration of time that PbtO2 is less
than 10 mmHg, duration of time that ICP is greater than 30mm Hg, and highest ICP
treatment score..
We will use a two-sample test of proportions, two-sided alpha = 0.05 for the primary
outcomes. To test for a difference in the continuous secondary outcomes, we will use either
a two-sample t-test or a Wilcoxon rank-sum test if the assumption of normality is not satisfied
with a two-sided alpha = 0.05. To test for a difference in the number of events, we will use a
two-sample test of proportions with two-sided alpha = 0.05. As a secondary analysis, we will
use logistic regression to account for any covariates that may be unbalanced in the groups
and related to trigger.
3. Sample size and Power
We expect there to be a favorable GOSS rate of 0.4 in the <7 trigger group (an average of
the expected rates for the EPO and placebo groups). Assuming a two-sided test with  =
0.05, we will have 80% power to detect a 20%, 23%, and 25% difference in GOSS if using
EPO and placebo, EPO 2 and all placebo, or EPO 2 and placebo 2, respectively. Concerns
about combining dose groups are described under the EPO analysis. Thus combining groups
will be carefully considered in light of these concerns to determine if such a combination
could provide misleading results. Calculations assume no dose-trigger interaction. If there is
a dose*trigger interaction, the sample sizes will depend on whether the two concurrent
placebo groups and the two dose groups can be combined.
For the safety outcomes, we expect there to be a mortality rate of 20% in the <7 trigger
group. We expect there to be 5% incidence of ARDS in the <7gm/dl trigger group. We also
expect there to be a 50% incidence of all infections combined in the <7gm/dl group. We
consider the ARDS and infections analyses to be separate questions and will not adjust for
multiple comparisons. We assumed a two-sided test with  = 0.05. Table 3 is provided to
assist in interpretation of trial results, given a difference is not detected between trigger
groups.
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Table 3. Power and effect size for trigger secondary analysis.
Mortality
N
N
Power

TT7
TT10
%
%
22
90
19
80
Epo & Placebo
100
100
17
70
15
60
25
90
21
80
82
80
Epo2 & all placebo
19
70
17
60
28
90
25
80
Epo2 & Placebo2
63
63
22
70
20
60

ARDS

%
16
13
12
10
18
15
13
12
21
18
16
14

Infections

%
23
20
18
16
25
23
20
18
28
25
23
20

G. OUTCOME FROM ANALYSES
The final decision to go forward to Phase III with EPO would be based on the FDA, futility
analyses, safety, other information collected during the Phase II trial, and resources available in
the future (if a Phase III trial appears warranted). The choice of Trigger would be based on the
Trigger analyses unless power is reduced substantially by interactions. It is expected that if a
Phase III trial is warranted, that a new cohort of patients from multiple sites will be recruited.
NOTE: EAST and STAT EXACT are software packages developed by CYTEC.

X. Data Collection, Site Monitoring, and Adverse Experience Reporting
A. Records to be Kept
1. The clinical data that will be collected and stored in the database consists of the standard
clinical information for patients with severe traumatic brain injury, including:
a. demographic characteristics-age, gender, ethnicity, race, height, weight
b. past medical history
c. details about the injury, typically from the EMS report-date/time of injury, mechanism
of injury, setting, neuro exam in the field, vital signs in the field, treatment if any given
in the field
d. details about the ER events-date/time of arrival in ER, neuro exam, injury severity
score, vital signs, result of any lab that is done (CBC, platelets, PT, PTT, ABGs,
alcohol level, tox screen), any treatment given
e. details about any surgical procedure, including date/time of procedure, type of
procedure, anesthetic records (vital signs, lab, treatment)
f. copies of any CT scans of the brain that are done
g. copies of any xenon CT CBF measurements that are done
h. details of the early ICU care-date/time of admission, condition on admission, code
status on admission, serial neuro exams, serial vital signs, serial labs, meds that are
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given, transfusion of blood products (including age of any PRBCs transfused and any
transfusion-related complications that occur)
i. physiological data collected by the ICU monitoring system (q30sec recording of vital
signs)
j. values for any noninvasive cerebral hemodynamic studies that are performed
k. three summary lists of diagnoses: final diagnoses, ICU admission diagnoses,
complications
l. details of any catheters that are placed for monitoring in the ICU: type of catheter,
length of monitoring, results, complications
2. The database containing the clinical information will be kept on the server of the
neurosurgery local network at Ben Taub General Hospital. The server is owned and
administrated by Baylor, but is protected by the Hospital District’s firewall. This database
will receive physiological information from the NICU monitoring system and laboratory
data from the HCHD system in via an automated process. Other clinical information is
manually entered by research personnel.
3. Images, such as CT scans, will be digitized (with all identifiers being removed) and kept
in the database as a binary field.
4. Only members of the neurosurgery research team (co-investigators, data entry
personnel, and research fellows) will have access to the database via password.
5. Once the final six month outcome exam is obtained and the data checking for data quality
monitoring purposes has been completed, all patient identifiers will be removed from the
database. These identifiers will then be kept in a separate file that is accessible only by
Dr. Robertson and might be used at a later time only if it becomes necessary to contact
the patient for additional studies or for regulatory purposes.
6. For future approved studies that may use the database and resource samples from this
trial, limited datasets will be provided to the investigators with only the study number as
an identifier.
B. Quality Assurance
1. Data Quality: Some procedures are in place which will minimize errors in data entry.
The database has validity limits on each of the fields and some checks for logical errors
which reduce typos during data entry. In addition, some of the data is downloaded
directly from the hospital information system and is checked each day for accuracy as a
part of the normal morning work rounds of the neurosurgery team. Additional procedures
will be put into place for this study to check each individual dataset. When a patient’s
dataset is complete, it will be printed out and checked for completeness and for accuracy
by a research data manager working under the supervision of Dr. Swank. Any
corrections that are needed will be made in the database at that time. A final print-out of
this corrected data will become the permanent record for this patient.
2. Regulatory Compliance: All necessary certifications and approvals for the conduct of this
research, as required by the study hospital and affiliated university and the study sponsor
(NINDS) will be completed in a timely manner and kept on file in the study office. This
will include IRB documentation and reporting, documents for compliance with HIPAA
requirements, and documentation related to specific study procedures, including
administration of the study drug.
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3. Protocol Compliance: see Section 5.4, page 23 and Section 7.1, page 31.
4. Ethical Standards:
a. All investigators and research personnel will complete the required education
programs regarding human subjects’ protection and maintain their certification
throughout the period of this study.
b. All investigators and research personnel will comply with ethical standards for
obtaining informed consent for research, in accordance with the policies and
procedures of the local IRB and the study hospital.
c. Any observed breach of ethical standards will be reported immediately to the
Investigator and to the local IRB or other authority as indicated.
C. Adverse Experience Reporting
1. Adverse event definition: An adverse event will be considered any untoward medical
event, including physical or psychological, experienced by a subject during administration
of Epo or for one month after administration of Epo.
2. Types of AEs: The types of adverse events are as follows:
a. Serious: Any untoward medical or psychological occurrence that:
1) Results in death (occurrence in the absence of chronic underlying disease)
2) Is life-threatening (the patient was at risk of death at the time of the event)
3) Requires inpatient hospitalization or prolongs existing hospitalization
4) Is a permanently disabling experience
5) Results in the development of cancer
6) Is a drug overdose
7) Results in persistent or significant disability/incapacity,
8) Is a congenital anomaly/birth defect
b. Important medical events that may not meet the above criteria may be considered a
serious adverse event when, based upon appropriate medical judgment they may:
1) Jeopardize the research subject and
2) May require medical or surgical intervention to prevent one of the outcomes listed
above
c. Non-serious: Include any event which is not included in the definition of serious
adverse event
d. Unexpected: Any adverse experience that is not identified in nature, severity, or
frequency in the risk information described in the general investigation plan, brochure,
or elsewhere in the current application, as amended.
e. Expected: Potential adverse events that have been identified in the human protocol
summary submitted to the IRB as likely to occur due to:
1) Disease
2) Condition under study
3) As a result of a known adverse effect of an investigational drug, device, or
intervention
3. Reporting of Adverse Events: reporting of adverse events is described under section 7.Management of Adverse Experiences

XI. Human Subjects
A. Institutional Review Board (IRB) and Informed Consent: This protocol and the informed
consent document (Appendix IX) and any subsequent modifications will be reviewed and
approved by the IRB. A signed consent form will be obtained from the subject’s legally
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authorized representative or from family (spouse, adult children, parents, siblings,
grandparents, adult grandchildren). The consent form will describe the purpose of the study,
the procedures to be followed, and the risks and benefits of participation. A copy of the
consent form will be given to the subject, parent, or legal guardian, and this fact will be
documented in the subject’s record. Also, see Section 4.3.3.c Informed Consent
Procedures, page 20.
B. Subject Confidentiality:
1. All subject data recorded in the study database will be recorded there by study
identification number and patient identification data.
2. The study database will be password-protected and only investigators and research
personnel will have a password.
3. Once the final six month outcome exam is obtained and the data checking for data quality
monitoring purposes has been completed, all patient identifiers will be removed from the
database. These identifiers will then be kept in a separate file that is accessible only by
Dr. Robertson and might be used at a later time only if it becomes necessary to contact
the patient for additional studies or for regulatory purposes.
4. All laboratory specimens, evaluation forms, reports, and other records that leave the site
will be identified only by the Study Identification Number (SID) to maintain subject
confidentiality. All records will be kept in a locked file cabinet. Clinical information will not
be released without written permission of the subject, except as necessary for monitoring
by IRB, the FDA, the NINDS, the OHRP, the sponsor, or the sponsor’s designee.
C. Study Modification/Discontinuation: The study may be modified or discontinued at any
time by the IRB, the NINDS, the OHRP, the FDA, or other government agencies as part of
their duties to ensure that research subjects are protected.
XII. Publication of Research Findings: This group of investigators has an extensive publication
and presentation record, and they will continue to do so.
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Appendix I. Detailed Background Information
Erythropoietin (Epo) is a hematopoietic growth factor, and binding of Epo to the erythropoietin
receptor (EpoR, a member of the cytokine receptor superfamily), controls the terminal maturation of
red blood cells. Epo is given to stimulate erythropoiesis and this treatment increases hemoglobin
concentration in a variety of conditions that cause anemia, including chronic renal failure and cancer.
In critically ill patients, administration of Epo reduces the need for transfusion of blood but Epo is not
widely used for this purpose, because of its high cost and because it has not yet been shown to
improve outcome. Reducing the need for blood transfusion by using a lower threshold for
transfusing blood in critically ill patients (7g/dl compared to the more conventional 10g/dl) has been
shown to improve outcome in critically ill patients. However, allowing hemoglobin concentration to
decrease as low as 7g/dl in a patient with severe traumatic brain injury (TBI) has not been
systematically studied and could potentially reduce oxygenation in injured areas of the brain and
worsen neurological outcome. These issues regarding the appropriate transfusion threshold for
critically ill patients, the optimal hemoglobin concentration for the injured brain, and the usefulness of
Epo in reducing the need for transfusion as well as the effect of all of these issues on outcome are
high priority areas of research in the field of critical care medicine.
Recently, Epo has also been observed to be expressed in the brain after traumatic and other
types of brain injury. Activation of EpoR by administration of Epo and other molecules with Epo-like
activity following experimental traumatic brain injury (TBI) has marked neuroprotective effects,
significantly reducing contusion volume, preserving hippocampal neurons, and improving
neurobehavioral performance. A number of actions of Epo may contribute to this neuroprotection,
including anti-apoptotic effects, vascular, and anti-inflammatory effects. A safety study and a pilot
efficacy study have been completed for administration of Epo in patients with stroke (1), showing a
trend for improved neurological outcome at 1 month, and no significant safety issues.
Expression of Epo in the Brain - Epo is a hematopoietic growth factor, and binding of Epo to the
EpoR (a member of the cytokine receptor superfamily), controls the terminal maturation of red blood
cells. Until recently Epo was thought to be produced exclusively in fetal liver and in adult kidney. In
1995, mRNA encoding both Epo and EpoR in mouse brain were reported (2). Hypoxia induced a
20-fold increase in mRNA coding for Epo but not EpoR. Major Epo binding sites were observed in
the hippocampus, internal capsule, cortex, and midbrain areas. Subsequently Epo was identified in
human brain at autopsy (3) and in CSF of patients with TBI (4,5).
Cell Types that Produce Epo After TBI - Epo is expressed basally in neurons and astrocytes (3,6).
Following permanent focal cerebral ischemia postischemic Epo expression has been localized
specifically to endothelial cells (1 day), microglia/macrophage-like cells (3 days), and reactive
astrocytes (7 days after occlusion). EpoR expression always preceded that of Epo for each cell
type.(7) Similar findings have been observed in human autopsy studies using immunohistochemical
techniques (8). In normal brain, weak Epo/EpoR immunoreactivity was mainly neuronal. In fresh
infarcts, Epo immunoreactivity appeared in vascular endothelium, and EpoR was seen in
microvessels and neuronal fibers. In older infarcts reactive astrocytes exhibited Epo/EpoR
immunoreactivity. Acute hypoxic brain damage was associated with vascular Epo expression, and
older hypoxic damage with Epo/EpoR immunoreactivity in reactive astrocytes.
Pathways Involved in Epo Expression and EpoR Activation
Regulation of Epo expression by HIF-1 - Under normal conditions, Epo production is mediated by
decreased oxygen (O2) delivery to oxygen sensors [reviewed in (9)]. Hypoxic stimulation causes
production of hypoxia-inducible factor (HIF-1), which is the major factor for transcriptional activation
of the EPO gene (10). However, HIF-1 is also found in cells that do not express Epo and is part of a
more widespread O2-sensing mechanism providing transcriptional regulation of numerous genes,
which include vascular endothelial growth factor (VEGF) and glycolytic enzymes (11,12). HIF-1
regulates vasculogenesis, is required for embryonic development, elevates glucose uptake by
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cells, augments production of glycolytic enzymes, and plays an important role in carcinogenesis
(13,14). HIF-1 regulates genes that promote cell survival under ischemia (15).
HIF-1 is composed of two subunits, HIF-1 and HIF-1, that form a heterodimer (16). Only
HIF-1 is regulated by hypoxia. HIF-1 mRNA and protein levels are induced by hypoxia, and HIF1 protein decays rapidly in the presence of normoxia. Posttranslational regulation of HIF-1
protein accounts for the majority of the hypoxic regulation of this gene (10). Normoxia-induced
ubiquitin-mediated degradation of the HIF-1 protein is the major regulator of HIF-1 levels (17).
The targeting and subsequent polyubiquitination of HIF-1 requires von Hippel Lindau protein
(VHL), iron, O2 and a unique proline hydroxylase; this complex constitutes the oxygen sensor
(18,19,20,21).
Genes Upregulated by Epo - In endothelial cell culture experiments using a semiquantitative
reverse transcriptase polymerase chain reaction protocol, 8 genes that were upregulated by
administration of rhEpo have been described (22). The genes coded for proteins in 4 functional
groups:
a. Proteins implicated in the regulation of vascular functions (thrombospondin-1, 20 kDa myosin
regulatory light chain; relative increase of rhEpo-induced mRNA levels: 155.2%, P = 0.043;
137.6%, P = 0.046, respectively);
b. Gene products involved in gene transcription and/or translation (c-myc purine-binding
transcription factor PuF, tryptophanyl-tRNA synthetase, S19 ribosomal protein; increase of
mRNA levels: 126.4%, P = 0.032; 150.9%, P = 0.012; 134.9%, P = 0.038);
c. Subunits of mitochondrial enzymes related to energy transfer (nicotinamide adenine
dinucleotide [NADH] dehydrogenase subunit 6, cytochrome C oxidase subunit 1; increase of
mRNA concentrations: 141.7%, P = 0.007; 140.3%, P = 0.01); and
d. Regulators of signal transduction (protein tyrosine phosphatase G1, increase of transcript
level: 160.3%, P = 0.016).
Activation of EpoR - Epo binds to an erythroid progenitor cell surface receptor that includes a
p66 chain. It was originally thought that when activated, the p66 protein becomes dimerized.
More recent reports suggest that EpoR exists as a preformed dimer, and that Epo binding results
in closer association of the two chains and intracellular signaling (23,24). This interaction of Epo
with the EpoR results in stimulation of mitogenicity of erythroid cells, erythroid differentiation by
induction of erythroid-specific expression of proteins, and prevention of apoptosis of erythroid
progenitors [reviewed in (25)]. The cytoplasmic portion of the EpoR contains a positive regulatory
domain that interacts with Janus kinase-2 (JAK2) (26). Immediately after Epo binding, JAK2
phosphorylates itself, the EpoR, and other proteins such as signal transducer and activator of
transcription 5 (STAT-5)(27).
Pathways that stimulate erythropoiesis. The JAK2/STAT-5 signaling plays an essential role
in Epo/EpoR-mediated regulation of erythropoiesis (28,29). The EpoR contains a negative
regulatory domain at its extreme C-terminus (30) which binds hematopoietic cell phosphatase
(HCP, also known as SHP-1) to down-modulate signaling (31). Recruited by EpoR tyrosine Y429,
HCP attaches to the cytoplasmic EpoR domain and dephosphorylates JAK2. Mutation of the
HCP binding site was shown to lead to prolonged phosphorylation of JAK2/STAT-5 (31,32).
Another negative regulator of erythropoiesis, cytokine-inducible SH2 protein-3 (CIS3; also known
as SOCS3), binds to the cytoplasmic portion of the EpoR Y401 and suppresses Epo-dependent
JAK2/STAT-5 signaling (33,34). Thus, deletion of the C-terminal cytoplasmic portion of EpoR
removes negative regulatory elements and results in an increased proliferation of erythroid
progenitor cells.
Pathways that involve neuroprotection. The pathways involved in neuroprotection are just
beginning to be elucidated. At least part of the mechanism of Epo neuroprotection involves
cross-talk between EpoR and anti-apoptotic pathways through activation of NF-kappaB by the
JAK2 kinase. Epo stimulates JAK2 phosphorylation of I-kappaB, releasing NF-kappaB to
translocate into the nucleus and activate transcription of additional genes, some of which may
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have neuroprotective actions (35). Neuroprotective genes known to be activated by NF-kappaB
include the anti-oxidant enzyme manganese superoxide dismutase and calbindin-D (28k).
Neuroprotection with Epo Administration in Experimental Models - Epo has been shown to
have neuroprotective effects against a variety of types of experimental brain injury, including the
following:
Experimental cerebral ischemia
 Hypoxic/ischemic injury in neonatal rats reduced by 1000IU/kg Epo (36)
 Global retinal ischemia caused by increasing intraocular pressure reduced by Epo (37)
 Bilateral carotid occlusion – Epo .5-25IU intraventricularly reduced cognition deficits (38)
 Rat middle cerebral artery (mca) occlusion model-Epo 5000IU/kg reduced apoptotic
neuronal loss (39)
 Focal cerebral ischemia in mice-preischemia Epo reduced infarct volume (7)
 Focal brain ischemia in rats-Epo given up to 6 hr post-ischemia reduced infarct volume
(40)
 Gerbil global ischemia model-Epo intraventricularly improved neurobehavioral outcome
and reduced neuronal loss (41)
Experimental traumatic brain injury - Cortical impact injury model-Epo given up to 6hr postinjury reduced contusion volume (40)
Glutamate neurotoxicity - Epo prevents glutamate toxicity in vitro (42)
Toxin induced parkinsonism - 1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine (MPTP)-induced
parkinsonism in mice-Epo administration reduced neurotoxicity (43)
Spinal cord ischemia - Rabbit spinal cord ischemia model-Epo reduced neurological deficits
(44)
Spinal cord trauma - Epo 1000IU/kg reduced neurological deficits following spinal cord injury
(SCI)(45)
Subarachnoid hemorrhage
 Rabbit subarachnoid hemorrhage (SAH)-Epo 1000IU/kg q8h reduced
vasoconstriction/neuronal loss (46)
 Rabbit SAH model-Epo reduced cortical neuron loss (47)
 Rat SAH model-Epo (400IU/kg SC) prevented loss of autoregulation (48)
Axotomy - Epo prevented loss of motor neurons following sciatic nerve transection in rats (49)
Mechanisms of Neuroprotection by Epo Administration - The mechanism of the neuroprotective
action of Epo administration is not fully understood, but multiple potentially beneficial effects have
been identified.
Systemic vascular effect. Epo has a pressor effect which could preserve better perfusion of the
brain in focal and incomplete ischemia models (50,51,52).
Cerebral vascular effect via NO production. - The effect of Epo administration on NO
production has been variable from study to study, but a number of studies suggest that NO
production is increased after Epo administration.
 Increased NO - Numerous studies suggest that Epo administration upregulates NOS or
increases NO production (51,53,54,55) or dilates vessels in a manner that suggests NO
production by endothelium (56,43). In physiological circumstances where endogenous Epo
production is increased, such as in athletes training at high altitudes, production of NO is also
increased (57). Finally, in some pathological conditions, Epo administration has been found
to dilate cerebral vessels. In an SAH model, Epo reversed the vasoconstriction that occurred
in intracranial vessels (46). A single dose of rhEPO given peripherally has been shown to
preserve autoregulation of CBF (48).
 Decreased NO - Chronic administration (1 week) of Epo caused attenuated depressor
responses to endothelium-dependent vasodilators that may have suggested inhibition of
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NOS activity (58). Some studies have suggested that Epo inhibits eNOS protein expression
(59) and reduces NO concentration in the brain after ischemia (60).
 No change in NO – Some studies suggest that Epo administration does not alter NO
synthesis (61,62).
Anti-apoptotic effects– a number of studies implicate Epo activities in apoptosis pathways.
 In a global ischemia model in gerbils, expression of Bcl-xL was markedly increased in the
hippocampus of animals given Epo intraventricularly (63).
 Activation of neuronal EpoRs prevented apoptosis induced by NMDA (N-methyl-d-aspartate)
or NO through activation of NF-kappaB by the JAK2 kinase (35)
 Studies involving free radical-induced injury in cerebral microvascular endothelial cells showed
that constitutive Epo is present in endothelial cells but is insufficient to prevent cellular injury.
Signaling through the EpoR, however, remains biologically responsive enough to exogenous
Epo administration to offer significant protection against nitric oxide-induced injury.
Exogenous Epo maintains both genomic DNA integrity and cellular membrane asymmetry
through parallel pathways that prevent the induction of apoptotic-protease-activating factor 1
(Apaf-1) and preserve mitochondrial membrane potential in conjunction with enhanced BclxL expression. Consistent with the modulation of Apaf-1 and the release of cytochrome c,
Epo also inhibits the activation of caspase-9 and caspase-3-like activities.(64).
 Through pathways that involve the initial activation of protein kinase B, Epo maintains
mitochondrial membrane potential. Subsequently, Epo inhibits caspase 8-, caspase 1-, and
caspase 3-like activities linked to cytochrome c release through mechanisms that are
independent from the mitogen-activated protein (MAP) kinase systems of p38 and c-Jun Nterminal kinase (JNK)(65).
Anti-inflammatory effect - Studies by Brines et al (40) noted that the inflammatory response to
traumatic injury and to ischemia was markedly reduced in Epo-treated animals. More recent
studies have shown that Epo inhibits activation of microglia, possibly by reducing
phosphatidylserine exposure (66,67).
Pharmacology of Epo Neuroprotection
Pharmacology and Available Preparations of Epo - In the human, Epo is produced by
peritubular cells in the kidneys of the adult and in hepatocytes in the fetus. Small amounts of
extra-renal Epo are produced by the liver in adult human subjects. Epo acts primarily to rescue
erythroid cells from apoptosis (programmed cell death) to increase their survival. Epo acts
synergistically with several growth factors (stem cell factor [SCF], granulocyte / macrophage
colony-stimulating factor [GM-CSF], interleukin 3 [1L-3], and insulin-like growth factor 1 [IGF-1])
to cause maturation and proliferation of erythroid progenitor cells (primarily colony-forming unitE). Other effects of Epo include a hematocrit-independent, vasoconstriction-dependent
hypertension, increased endothelin production, upregulation of tissue renin, change in vascular
tissue prostaglandin production, stimulation of angiogenesis, and stimulation of endothelial and
vascular smooth muscle cell proliferation.
Recombinant human Epo (rhEpo) is currently being used to treat patients with anemia
associated with chronic renal failure, AIDS patients with anemia due to treatment with
zidovudine, nonmyeloid malignancies in patients treated with chemotherapeutic agents,
perioperative surgical patients, and autologous blood donation.
A novel erythropoiesis-stimulating factor (Novel Erythropoiesis Stimulating Protein [NESP] or
darbEpoetin) has been synthesized, and when compared with rhEpo, NESP has a higher
carbohydrate content (52% vs 40%), a longer plasma half-life, an amino acid sequence that
differs from that of native human Epo at five positions, and has been reported to maintain
hemoglobin levels just as effectively in patients with chronic renal failure as rhEpo despite less
frequent dosing.(68).
Does Systemically Administered Epo Cross the Blood Brain Barrier? - Epo is a 30,400dalton glycoprotein. Such a large molecule would not be expected to cross the blood brain
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barrier, and some studies measuring CSF levels of Epo after administration of rhEpo in human
neonates who had suffered hypoxic injury suggest that it does not (4). However, in experimental
models, immunohistochemical studies suggest that Epo administered systemically is transported
into the brain even in uninjured animals (40). In these studies, at 5 hrs after 5000 IU/kg of Epo
was administered IP, labeled Epo was found surrounding capillaries and extending into the brain
parenchyma a distance 3-4 times that of the thickness of the capillary wall. At 17 hrs after Epo
administration, labeled Epo was found localized to scattered neurons. In addition,
measurements of Epo in CSF of rats demonstrate a 100 mU/ml increase Epo at 30 minutes after
administration of Epo 5000 IU/kg IP (40). These investigators proposed that there is an active
translocation of Epo across the blood brain barrier. In the pilot trial of rhEpo in patients with
stroke, CSF levels of Epo were 60-100 x higher in the rhEpo treated patients than in the placebotreated patients (1).
Neuroprotection Doses of Epo in Experimental Models - Neuroprotective doses for Epo in
most of the experimental studies range from 500-5000 IU/kg (45). In a spinal cord ischemia
model, a dose of 800 IU/kg was equivalent to or slightly better than 1000 IU/kg (44). In a mca
stroke model, doses of Epo between 450 IU/kg and 1000 IU/kg were effective at reducing infarct
volume, while doses below 450 IU/kg were not effective (40).
Neuroprotection Time Window for Epo in Experimental Models - Epo administration as late
as 6hr after ischemia or trauma have been neuroprotective. After 6hr, the neuroprotective effect
is markedly reduced (40). A similar time window for in vitro neuroprotection studies has been
observed. We have confirmed this 6hr time window in our rat cortical impact injury model
(Cherian, et al.-submitted).
Briefly, 67 rats underwent a controlled cortical impact injury (3mm deformation, velocity
5m/sec) while anesthetized with isoflurane. The animals were given saline or erythropoietin
(Epo) 5000 units/kg IP at 5min, 1hr, 3hr, 6hr, 9hr, or 12hr post injury. The volume of contused
brain, and cell counts of viable neurons in the CA1 and CA3 regions of the hippocampus were
assessed at 2 weeks post-injury. The results, which confirm those reported in the mouse TBI
model (40), are shown in the figure below.
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Results for contusion volume (left) and CA1 neurons (middle) show no significant effect when Epo is given
more than 6 hr after injury. For contusion volume, the result with administration of Epo at 6 hr is intermediate
between the result obtained with administration at 3 hr and at 9 hr. For CA1 neurons, the results are similar
with administration at 3 and 6 hr post-injury.

The mean contusion volume was significantly reduced (p<.05 adjusted for multiple
comparisons by Dunnett’s test), compared to the animals treated with saline, when the Epo was
given 5min, 1hr, 3hr, and 6hr post-injury. With administration at 9 and 12 hr post-injury, the
mean contusion volume was close to that found in the saline-treated animals. Administration of
Epo at 6 hr post-injury provided a mean contusion volume that was intermediate between the
results obtained with 1hr and 3hr administration and with results obtained with 9 and 12 hr
administration of Epo but was still significantly different from the saline-treated animals.
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The mean neuron density in the CA1 area of the hippocampus was significantly increased
when Epo was administered at 1hr, 3hr, and 6hr after controlled cortical impact injury in rats.
Unlike the contusion volumes, for the CA1 neuron preservation administration of Epo at 6 hr
post-injury had an effect equal to administration of Epo at 3 hr post-injury. The comparison of
neuron density in the CA3 area of the hippocampus followed the same pattern as the CA1 data
and was significant (p=.011), but no individual group was significantly different from the control
group, when adjusted for multiple comparisons (Dunnett’s test).
The experimental data which we now have in a standard TBI model using histological endpoints suggest that the optimal neuroprotective effect occurs if Epo is administered within 3 hr of
injury, although there still maybe some neuroprotection, especially for hippocampal neuronal
preservation, if Epo is administered within 6 hr of injury. Beyond 6 hr post-injury, there is no
significant neuroprotective effect with Epo administration in this TBI model.
Human Studies of High Dose rhEpo
 Epo Neuroprotection in Stroke - A safety study and a pilot efficacy study have been
completed for high-dose administration of Epo in patients with stroke (1). In the safety study,
13 patients received rhEpo intravenously (33,000 IU/50 ml/30 min) once daily for the first 3
days after stroke. No safety issues were identified. In the double-blind randomized pilot trial,
40 patients received either rhEpo or saline within 5 hrs of onset of symptoms, and the
plasma concentration of erythropoietin was increased to 5148+1095 mU/ml, compared to
19+3 mU/ml in the placebo-treated patients. A strong trend for improvement in neurological
outcome at 1 month post-stroke was observed in the rhEpo-treated group. A multicenter
study of rhEpo administration in stroke is currently ongoing in Germany.
 Epo Treatment of Critical Illness Anemia - A recent clinical study of 1302 critically ill patients
reported that treatment with rhEpo 40,000 IU subcutaneously on day 3 and weekly x 3 doses
reduced the need for allogenic blood transfusion and also increased hemoglobin
concentration (69). No adverse events were reported.
Adverse Events Associated with Administration of rhEpo
Adverse events associated with rhEpo administration include thrombotic events, hypertension,
seizures, pure red cell aplasia, and increased mortality
(http://www.epogen.com/professional/resources/prescribing_information/pi.jsp). Almost all of the
reported adverse events have been observed in patients with chronic renal failure.
Systemic Effects of Epo Administration - In experimental studies, the neuroprotective effects of
Epo administration appear to be independent of any systemic effects. Epo has neuroprotective
effects in vitro, where confounding systemic mechanisms do not exist (42). However, this does not
mean that the systemic effects of Epo administration might not have important independent effects
on outcome, especially the long-term outcome following TBI.
One systemic effect that might be an important issue is the stimulation of erythropoiesis and
subsequent increase in hemoglobin concentration, which could potentially improve cerebral oxygen
delivery. Most of the in vivo neuroprotection studies have been conducted over an acute time
period, where this effect would be minimal. In addition, asialoerythropoietin, a short-lived Epo
preparation produced by completely removing the sialic acids that delay clearance of Epo in vivo,
has equal neuroprotective effects to Epo but does not stimulate erythropoiesis (70). For any study
involving administration of Epo after trauma, the effect on hemoglobin concentration and the need
for transfusion of blood products would be an important confounding issue.
Interaction of the Effects of Anemia of Critical Illness and Transfusion of Blood on Outcome
Anemia After Trauma - Anemia in severe trauma is the result of a complex interaction of
bleeding, blunted Epo response to low hemoglobin concentrations, inflammatory mediators, and
a hypoferremic state (71). An estimated 40-50% of all critically ill patients receive a transfusion
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of blood products. The incidence is probably even higher in trauma patients. Sixty percent of
our severe TBI patients require transfusion at least one unit of packed red blood cells (PRBCs).
Blood Transfusions in the Critically Ill Patient - The role of transfusion of blood products in
determining outcome in the critically ill patient has recently been emphasized, and it remains a
topic of continued investigation in the critical care field. The known consequences of allogenic
RBC transfusions include:
1. Transfusion-transmitted infections
a. Risk of hepatits B 1:100,000
b. Risk of HIV 1:1,000,000
c. Recently, cases of West Nile virus have been reported.
2. Immune-related reactions (acute or delayed hemolytic reactions; febrile, allergic, and
anaphylactic reactions; and graft-versus-host disease)
a. A meta-analysis of risk of post-operative bacterial infections concluded that allogeneic
blood transfusion is associated with a 3.45-fold increased risk of infection (5.263
increased risk in trauma-only studies). (72)
b. A retrospective study of 1717 patients admitted to a medical/surgical/trauma intensive
care unit (ICU) found that patients who received blood transfusions had a 6-fold increase
in the incidence of nosocomial infections compared to patients who did not receive blood
transfusions (73).
3. Nonimmune-related reactions (fluid overload, hypothermia, electrolyte toxicity, and iron
overload)
a. Rate of pulmonary edema higher (10.7% vs 5.3%) in patients in liberal transfusion group
compared to the restricted transfusion group (74).
A multicenter randomized controlled trial of a restricted (trigger 7g/dl) vs. a liberal (trigger
10g/dl) transfusion policy demonstrated that critically ill patients tolerate a much lower hematocrit
than was previously thought and do not benefit by transfusion to a more normal hematocrit (74).
In this study, patients randomized to the restrictive transfusion group had a 42% reduced
probability of receiving a blood transfusion, a 0.93-unit reduction in the volume of blood
transfused, and a 5.6% reduction in the overall average hematocrit. The mortality rate during
hospitalization was significantly lower in the restrictive transfusion group (22.3% vs. 28.1%,
p=0.05). However, this study also suggested that there may be subgroups of critically ill
patients, such as those with acute myocardial infarction or unstable angina, who do not tolerate a
low hemoglobin concentration and for whom blood transfusions seem to provide more benefit
than risk. For trauma patients, in general, blood transfusion during the first 24hrs has been
observed to result in a three-fold increased risk of death that is independent of injury severity
(75). This study in trauma patients was not a randomized trial, and it is not entirely clear that the
need for blood transfusion may not simply be an additional marker of the severity of injury. In
summary, it is not known if patients with severe TBI may be another important exception to the
findings of the study by Hebert et al. (74) or if TBI patients are currently being unnecessarily
transfused and placed at risk for transfusion-related complications.
Optimal Hemoglobin Concentration for the Injured Brain - The optimal hemoglobin
concentration for the traumatically injured brain is not known. The traditional teaching in
neurocritical care is that a hemoglobin concentration of approximately 10g/dl provides the
optimal balance between blood viscosity, which is directly related to the hemoglobin
concentration, and the oxygen content of the blood, which is determined by the hemoglobin
concentration and the pO2 of the blood. At hemoglobin concentrations < 10g/dl, the increase in
CBF induced by the lower viscosity does not completely compensate for the reduction in oxygen
content, and the overall oxygen delivery can be reduced. Some experimental studies confirm
that oxygen delivery and oxygen consumption are greatest when hematocrit is approximately
30% (76). However, some reports from patients with ischemic cerebrovascular disease suggest
that cerebral oxygen delivery was optimal when hematocrit was normal (77).
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Effects of Hemoglobin Concentration on Cerebral Hemodynamics - In hemodialysis (HD)
patients with chronic anemia, regional CBF (rCBF), regional oxygen extraction fraction (rOEF),
and regional cerebral metabolic rate of oxygen (rCMRO2) were measured before and after a
10% increase in hematocrit was induced by administration of rhEPO (78). Before rhEPO
administration, the hemispheric rCMRO2 in HD patients was lower than that in control subjects,
averaging 1.48+0.09 ml/100g/min, and both rCBF and rOEF were significantly greater than in
control subjects, being 40+3ml/100g/min for rCBF and 49+1% for rOEF. After treatment with
rhEPO, hematocrit rose significantly from 21+1 to 31+1%. There were significant reductions in
both the hemispheric rCBF to 32+1 ml/100g/min and rOEF to 42+1%. However, the hemispheric
rCMRO2 remained low at 1.58+0.06 ml/100g/min even after rhEPO treatment. Others have
reported similar hemodynamic changes upon treatment of chronic anemia (79,80,81). Using this
cerebral hemodynamic information to describe the relationship between CBF and hematocrit, it
was extrapolated that the highest oxygen delivery would be provided when the hematocrit was
35.2% (82).
Effects of Hemoglobin Concentration on Cerebral Metabolism/Neuropsych-ological
Testing – Some studies from patients with anemia due to chronic renal failure have suggested
that neuropsychological functioning is improved when hemoglobin concentration is normal.
Auditory evoked potentials were improved when anemia was corrected with rhEpo administration
(83). Improvements in performance on the Wechsler Adult Intelligence Test were observed
when anemia was corrected with rhEpo administration (81)
Effects of Hemoglobin Concentration on Intracranial Pressure - Anecdotal cases are
reported of patients with severe anemia presenting with symptoms of raised intracranial pressure
and signs of papilledema, which resolve with treatment of the anemia (84,85). The mechanism
is thought to be related to the marked increase in CBF that is required to maintain cerebral O2
delivery when anemia is severe.
Effects of Hemoglobin Concentration on Neurological Outcome - In a focal ischemia model,
a hematocrit of 30% resulted in the smallest infarct volume (86). Little information is available on
the effect of hemoglobin concentration on outcome from experimental TBI.
Current Practice for Transfusion Trigger – Current practice for blood transfusion level in
critically ill patients varies widely. A meta-analysis of transfusion guidelines in critical care units
found that transfusion triggers varied primarily between 7 and 10 g/dl (87). The CRIT study (88)
of 4892 critically ill patients cared for at 213 hospitals between 2000 and 2001 found no change
in transfusion practice following the report of the randomized trial by Hebert (74). The average
hemoglobin concentration prior to transfusion in the CRIT study was 8.6+1.7 g/dl (88).
A follow-up survey of critical care physicians regarding transfusion thresholds in several
different clinical situations has recently been reported (89). For trauma patients, 63% of
physicians indicated that they had adopted a 7g/dl threshold for transfusion. This was a
significantly higher proportion of physicians than in 1993. For post-operative acute myocardial
infarction, only 3% of physicians answered that they used a 7g/dl transfusion threshold.
For stable patients, there has been a general adoption by critical care physicians of the lower
transfusion threshold to reduce the risk of transfusion-related complications. However, for
critically ill patients with potential organ ischemia (especially of brain or myocardium), there is still
considerable controversy over the risk/benefit of this practice. Recent large retrospective studies
in the disorders of multiple trauma (75,90), cardiac surgery (91), and acute coronary syndromes
(92) have shown blood transfusions to be an independent predictor of mortality. Each of these
studies has recommended either directly in the paper or in an accompanying editorial that
prospective, randomized trials are needed to define the appropriate transfusion threshold in
these subgroups of patients. It seems clear that there is considerable equipoise for a
randomized trial of transfusion thresholds in these subgroups of critically ill patients.
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Appendix II Standardized Management Protocol for Severe TBI Patients
1. On admission to the hospital, patients will be intubated to protect their airway and ventilated to
maintain a pO2 ~ 100 mm Hg and pCO2 35-40 mm Hg. Patients will be resuscitated as
necessary to increase MAP to > 80 mm Hg. After hemodynamic stabilization, the patient will be
taken for a CT scan and xenon-CT CBF measurement. If an intracranial hematoma is identified
on the admission CT scan, the guidelines for Surgical Management of Traumatic Brain Injury,
which have been formulated by the Brain Trauma Foundation, will be followed for decisions
about surgical evacuation. Following surgical evacuation of a hematoma, the bone flap will be
replaced unless massive brain swelling prohibits this. An ICP monitor, SjvO2 catheter, PbtO2
catheter, and microdialysis catheter will be placed, either in the OR or upon return to the ICU. If
there is no surgical hematoma, the patient will be taken directly to ICU, where an ICP monitor,
SjvO2 catheter, PbtO2 catheter, and microdialysis catheter will be placed. The conventions used
for placement of the various catheters will be as follows: for global measures (SjvO2) – place on
side of dominant jugular venous flow; for local measures (PbtO2, microdialysis) – place in an
area of injured, but not necrotic, cortex observed at surgery and/or on CT scan, or place in right
frontal cortex if the injury is diffuse.
2. The following measures will be used as a routine in all patients:
3. Sedation: morphine 10 mg/hr IV prn.
4. Head elevation: 15-30o; keep head straight to avoid compression of jugular veins.
5. Maintenance IV fluids: usually normal saline; keep electrolytes normal.
6. Keep hemoglobin concentration at or above assigned level, sodium concentration 140-155
mEq/L, glucose concentration < 180 mg/dl.
a. Maintain MAP > 80 mm Hg, CPP > 60 mm Hg, SjvO2 > 50%.
b. Ventilatory support to maintain PaO2 ~100mmHg, PaCO2 35-40mmHg
c. Provide nutritional support, usually enteral, within 48 hr of injury to supply 140% of estimated
Resting Energy Expenditure.
7. The following measures will be used to treat intracranial hypertension, defined as ICP > 20 mm
Hg. The goal will be to keep ICP < 20 mm Hg. If appropriate, repeat CT scan to rule out
delayed mass lesions.
a. Sedation: morphine 10 mg/hr.
b. Neuromuscular blockade, titrated to one twitch on train-of-four testing.
c. CSF drainage: 10 drops prn.
d. Mannitol: 0.25-1 gm/kg IV q2-6hr prn or hypertonic saline
e. Hyperventilation to pCO2 25-30 mm Hg if SjvO2 remains > 55%.
f. Barbiturate coma if refractory to above treatment and MAP > 80 mm Hg without large doses
of pressors.
g. For intracranial hypertension refractory to barbiturate coma or when barbiturate coma is
contraindicated because of hypotension or other reasons, decompressive craniectomy may
be used.
8. The following measures will be used to treat a reduced CPP, defined as CPP < 60 mm Hg.
a. Treat increased ICP if > 20 mm Hg.
b. Fluid resuscitation to increase CVP to 8 mm Hg or PWP to 12 mm Hg.
c. Dopamine, norepinephrine, phenylephrine and/or hormonal replacement dose vasopressin
titrated to keep MAP > 80 mm Hg and CPP > 60 mm Hg, if hypotensive after fluid
resuscitation.
d. Milrinone or dobutamine may be used as indicated for low cardiac output states.
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Appendix III: Neuropsychological/Behavioral Assessment of Outcome After TBI
Sourceb
Domain
Measurement Instruments
Test
a
Setting
Glasgow Outcome Scale
P, SO, O
Global Outcome
Tel
Disability Rating Scale
P
Tel
Galveston Orientation and
P
Orientation and Amnesia
Tel
Amnesia Test

Time of
Examination
3, 6 mos
3, 6 mos
Dailyc until score ≥
76 (or patient DC),
3, 6 mo
3, 6 mos

Tel

P, SO, O

Behavioral/Emotional/
Psychosocial

Functional Independence
Measure
N.Y.U. Head Injury Family
Interview

Tel

Awareness

Awareness Questionnaire

Tel

Community Reintegration

Craig Handicap and Reporting
Technique
Craig Hospital Inventory of
Environmental Factorsd
Satisfaction With Life Scale

Tel

P & SO
separatel
y
P & SO
or O
P or SO

3, 6 mos

Tel

P

3, 6 mos

Tel

P

3, 6 mos

WAIS III Digit Span Forward
WAIS III Digit Span Backward
Neurobehavioral Rating Scale –
Arousal Item
Trail Making Test A
Trail Making Test B
Connor’s Continuous
Performance Test II
Paced Auditory Serial Addition
Test

Tel
Tel
Tel

P
P
P

3, 6 mos
3, 6 mos
3, 6 mos

IP
IP
IP

P
P
P

3, 6 mos
3, 6 mos
3, 6 mos

Tel

P

3, 6 mos

Selective Reminding Test
Rey-Osterrieth Complex Figure
Test (memory)

Tel
IP

P
P

3, 6 mos
3, 6 mos

Controlled Oral Word
Association Test
Token Test
Visual Naming Test
Profile of Functional Impairment
in Communication
Rey-Osterreith Complex Figure
Test (copy)
Visual Discrimination Test

Tel

P

3, 6 mos

IP
IP
IP

P
P
P

3, 6 mos
3, 6 mos
3, 6 mos

IP

P

3, 6 mos

IP

P

3, 6 mos

Functional Independence

Environmental Barriers and
Facilitators
Quality of Life
Neuropsychological
Attention
Focused Attention: Auditory
Divided Attention: Auditory
Arousal
Focused Attention: Visual
Divided Attention: Visual
Vigilance
Information Processing
Speed & Working Memory
Memory
Verbal Learning & Memory
Visual Learning & Memory
Language
Word Fluency
Auditory Comprehension
Naming to Confrontation
Social Communication
Visuoperceptual/Visuospatia
l/Visuoconstructive
Motor
Fine Motor Speed
Fine Motor Coordination
Executive Function

3, 6 mos
3, 6 mos

Finger Tapping Test
IP
P
3, 6 mos
Grooved Pegboard
IP
P
3, 6 mos
Color Word Interference Test
IP
P
3, 6 mos
Tower of London
IP
P
3, 6 mos
a
Test Setting: Telephone (Tel) or In person (IP); bSource of Information: Patient (P), Significant Other
(SO) or Other (O; nurse, PT, OT, ST); cFirst GOAT administered once GCS motor score = 6 for 2 days;
d
Short Form
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Appendix IV. Disability Rating Scale Form
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Appendix V. Glasgow Coma Score Structured Interview
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Appendix VI. HCHD patient registration form.
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Appendix VII. The Sepsis-related Organ Failure Assessment (SOFA) Score
The Sepsis-related Organ Failure Assessment (SOFA) score is a score for evaluating multiorgan
failure in intensive care patients with the sepsis syndrome. It is intended to be easy to calculate and
to describe the sequence of complications in a critically ill patient rather than to predict outcome. It
was developed by the Working Group on Sepsis-related Problems of the European Society of
Intensive Care Medicine.
Organ System
respiration
coagulation
liver
cardiovascular
central nervous system
renal

Measure
PaO2 to FIO2 ratio
platelet count
serum bilirubin
hypotension
Glasgow coma score
serum creatinine or urine output

Measure
PaO2 to FIO2 ratio

platelet count

serum bilirubin

hypotension

Glasgow coma score

serum creatinine or urine output

Finding
>= 400 mm Hg
300 – 399 mm Hg
200 – 299 mm Hg
100 – 199 mm Hg
< 100 mm Hg
>= 150,000 per µL
100,000 to 149,999 per µL
50,000 to 99,999 per µL
20,000 to 49,999 per µL
< 20,000 per µL
< 1.2 mg/dL
1.2 – 1.9 mg/dL
2.0 – 5.9 mg/dL
6.0 – 11.9 mg/dL
>= 12.0 mg/dL
MAP >= 70 mm Hg
MAP < 70 mm Hg, no pressor agents used
dobutamine, any dose
dopamine <= 5 µg per kg per min
dopamine > 5 to 15 µg per kg per min
dopamine > 15 µg per kg per min
epinephrine <= 0.1 µg per kg per min
epinephrine > 0.1 µg per kg per min
norepinephrine <= 0.1 µg per kg per min
norepinephrine > 0.1 µg per kg per min
15
13 - 14
10 - 12
6-9
3-5
serum creatinine < 1.2 mg/dL
serum creatinine 1.2 – 1.9 mg/dL
serum creatinine 2.0 – 3.4 mg/dL
serum creatinine 3.5 – 4.9 mg/dL

Points
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
2
3
4
3
4
3
4
0
1
2
3
4
0
1
2
3

urine output 200 - 499 mL per day
serum creatinine > 5.0 mg/dL
urine output < 200 mL per day
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3
4
4

where:
• PaO2 is in mm Hg and FIO2 in percent from 0.21 to 1.00.
• Adrenergic agents as administered for at least 1 hour with doses in µg per kg per min.
• A score of 0 indicates normal and a score of 4 indicates most abnormal.
• Data can be collected and the score calculated daily during the course of the admission.
mean systemic arterial pressure (MAP) in mm Hg =
= ((systolic systemic arterial pressure in mm Hg) + (2 * (diastolic systemic arterial pressure in mm
Hg))) / 3
total SOFA score =
= SUM(points for all 6 measures)
Interpretation:
• minimum total score: 0
• maximum total score: 24
• The higher the organ score, the greater the organ dysfunction.
• The higher the total score, the greater the multiorgan dysfunction.
Mortality Rate by SOFA score
Organ System
0
1
2
3
4
respiratory
20%
27%
32%
46%
64%
cardiovascular
22%
32%
55%
55%
55%
coagulation
35%
35%
35%
64%
64%
CNS
26%
35%
46%
56%
70%
liver
32%
34%
50%
53%
56%
renal
25%
40%
46%
56%
64%
in 1,643 patients from the ENAS study, estimated from Figure 2, page 709
References:
Vincent JL, Moreno R, et al. The SOFA (Sepsis-related Organ Failure Assessment) score to
describe organ dysfunction/failure. Intensive Care Medicine. 1996; 22: 707-710.
For the Epo study, the SOFA score should be calculated on all days 1 – 30 where this is possible,
but at minimum on days 1-5, day 9, day 16, day 23, and day 30 as long as the patient remains
hospitalized. There should always be information available for blood pressure and for GCS. On
days where a BMP is available, but ABGs, platelet count, and/or bilirubin values are not available,
use the following guidelines to assume values for these that are missing:
If the patient is no longer ventilated, and SpO2 is > 93%, assume that the respiratory score is 0.
If the last platelet count measured was normal, and there is no clinical evidence that this has
changed, assume that the coagulation score is 0.
If the last bilirubin was normal and there is no clinical evidence that this has changed, assume
that the liver score is 0.
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Appendix VIII. Definitions of Expected Adverse Events, Expected Incidence in TBI Patients,
and Thresholds for Early Referral to DSMB
Definitions (Left) and Screen-Shots of Forms (Right) to Document Expected Adverse Events:
Pneumonia (1): A new or progressive chest x-ray finding
of infiltrate, consolidation, cavitation, or pleural
effusion, plus any of the following:
New onset of purulent sputum or change in
character of sputum
Isolation of organism from blood culture
Isolation of pathogen from specimen obtained by
transtracheal aspiration, bronchial brushing, or
biopsy
Isolation of virus or detection of viral antigen in
respiratory secretions
Diagnostic single antibody titer (IgM) or fourfold
increase in paired serum samples (IgG) for
pathogen
Histopathological evidence of pneumonia
Urinary tract infection (1): must meet at least one of the
following criteria:
At least one of the following signs or symptoms with no
other recognized cause: fever (.38° C), urgency,
frequency, dysuria, or suprapubic tenderness and
patient has a positive urine culture, that is, >105
microorganisms per cm3 or urine with no more than
two species of microorganisms OR
At least two of the following signs or symptoms with no
other recognized cause: fever (>38° C), urgency,
frequency, dysuria, or suprapubic tenderness and
at least one of the following:
positive dipstick for leukocyte esterase and/or
nitrate
pyuria (urine specimen with >10 WBC/mm3 or
>3 WBC/high power field of unspun urine)
organisms seen on Gram stain of unspun urine
at least two urine cultures with repeated
isolation of the same uropathogen (gramnegative bacteria or S. saprophyticus) with
>102 colonies/ml in nonvoided specimens
5
<10 colonies/ml of a single uropathogen
(gram-negative bacteria or S.
saprophyticus) in a patient being treated
with an effective antimicrobial agent for a
urinary tract infection
physician diagnosis of a urinary tract infection
physician institutes appropriate therapy for a
urinary tract infection
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Ventriculitis (1): The finding of positive CSF culture or
fever, headache, stiff neck, meningeal signs, cranial
nerve signs, or irritability, plus
Physician institutes anti-microbial therapy, plus
At least one of the following:
Increased WBC’s, increased protein and/or
decreased glucose in CSF
Positive gram stain of CSF
Positive blood culture
Positive antigen test of blood, CSF, or urine
Diagnostic single antibody titer (IgM) or fourfold
increase in paired serum samples (IgG) for
pathogen

Bacteremia: The finding of a positive blood culture of a
pathogenic organism.

ARDS: (Adult Respiratory Distress Syndrome):
Pulmonary edema caused by increased pulmonary
capillary permeability, not by increased pulmonary
hydrostatic pressure (i.e., in the absence of left heart
failure). The criteria developed by consensus
conference (2) include:
Bilateral infiltrates on chest x-ray
Hypoxia (PaO2/FiO2 < 200)
Normal PWP or no clinical findings of left heart
failure on physical exam

SIRS (Systemic Inflammatory Response Syndrome) (3):
The complex findings that result from a systemic
activation of the innate immune response, regardless
of the cause. SIRS is considered to be present when
patients have all four of the following:
Temperature >38oC or <36oC
Heart rate >90 beats/min
Hyperventilation, with respiratory rate >20
breaths/min or PaCO2 < 32 mm Hg
WBC > 12,000 or < 4000 or >10% immature forms

Sepsis (3): SIRS plus infection.
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MODS (Multiple Organ Dysfunction Syndrome) (3):
Sepsis with organ dysfunction. The peak SOFA
(Sepsis-related Organ Failure Assessment) score (4,5)
during the hospitalization will be used to describe this
condition.

Septic shock (3): Sepsis with arterial hypotension despite
adequate fluid resuscitation.

Brain tissue hypoxia PbtO2 < 10 mmHg for at least 1
hour
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Deep venous thrombophlebitis (DVT) The clinical findings
of a swollen, tender, erythematous extremity or of fever
plus diagnostic findings on duplex Doppler ultrasound or
on venography.

Pulmonary embolus (PE) One or more of the following
clinical findings:
dyspnea, tachypnea
pleuritic chest pain
hemoptysis
syncope
hypoxia
EKG changes of right heart strain (RBBB, right axis
deviation, S1Q3T3 pattern)
plus a high probability lung scan
or a positive CT angiogram or pulmonary angiogram
or pathological findings of a PE

Acute myocardial infarction (acute MI): One of the following
biochemical markers of myocardial injury:
typical rise and fall of troponin
rapid rise andfall of CK-MB
and at least one of the following clinical findings:
chest pain x 30 minutes without relief from nitrates
development of pathological q waves on EKG
new ST elevation (>1mm) in 2 contiguous leads
new ST elevation (>2mm) in precordial leads
new LBBB
EKG changes of posterior infarction (ST depression of
2mm in V1V2)
or pathological findings of an acute MI
Severe hypertension MAP > 130 mmHg for at least 1
hour despite anti-hypertensive treatment
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INCIDENCE OF EXPECTED ADVERSE EVENTS IN TBI PATIENTS IN PAST STUDIES
Data from
NABISH I Trial

Historical Data From Ben Taub NICU

Study
Number of patients
Average ICU Stay
(days)
Average Hospital Stay
(days)
Infections:
ventriculitis
UTI
pneumonia
bacteremia
MODS
sepsis/SIRS
septic shock
severe hypertension
Thrombotic events
DVT
pulmonary embolus
acute MI
ARDS
Brain tissue hypoxia

192
20.98

CBF
Regulation
Study
304
20.1

On-going
eNOS SNP
Study
35
18.4

34.91

35.48

29.97

8 (4.2%)
5 (2.6%)
47 (24.4%)
18 (9.4%)
1 (0.5%)
7 (3.6%)
3 (1.6%)
6 (3.1%)

11(3.6%)
20 (6.6%)
69 (22.7%)
24 (7.9%)
2 (0.7%)
4 (1.3%)
3 (1.0%)
0

3 (8.6%)
2 (5.6%)
14 (40%)
1 (2.9%)
0
0
0
1 (2.9%)

22 (4.1%)
27 (5.1%)
130 (24.5%)
43 (8.1%)
3 (0.6%)
11 (2.1%)
6 (1.1%)
7 (1.3%)

1 (0.5%)
0
2 (1.0%)
13 (6.8%)

2 (0.7%)
1 (0.3%)
1 (0.3%)
9 (3.0%)
79/176
(44.9%)

1 (2.9%)
0
0
3 (8.6%)
16/35
(45.7%)

4 (0.8%)
1 (0.2%)
3 (0.6%)
25 (4.7%)
95/211
(45%)

CPP Trial

Total
Group

Hypo

Normo

531

199

193

26%
69%
17%

23%
63%
18%

15%

11%

7%

3%

The table above shows the incidence of the expected adverse events during past studies at Ben
Taub, and the incidence of some of these complications in the NABISH I trial.
Using this past data, we will develop 95% confidence limits for the occurrence of such events. If the
number of adverse events in any category exceeds these limits, the data will be referred to the
DSMB early. Adverse events will also be referred to the DSMB early if a treatment difference in the
incidence of any serious adverse event reaches a p value < 0.2.
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CHECKLIST OF ADVERSE EVENTS THAT WILL BE USED TO TRACK PATIENTS:
Items in red are the expected adverse events that will be documented in detail and tracked for the
first 30 days post-injury (or until ICU discharge [whichever is earlier]).

References for Appendix VIII
1. CDC definitions for nosocomial infections, 1988. Am Rev Respir Dis 1989; 139:1058-1059
2. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, Lamy M, Le GJ, Morris A,
Spragg R: Report of the American-European Consensus conference on acute respiratory
distress syndrome: definitions, mechanisms, relevant outcomes, and clinical trial coordination.
Consensus Committee. J Crit Care 1994; 9:72-81
3. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, Sibbald WJ:
Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in
sepsis. The ACCP/SCCM Consensus Conference Committee. American College of Chest
Physicians/Society of Critical Care Medicine. Chest 1992; 101:1644-1655
4. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, Reinhart CK, Suter PM,
Thijs LG: The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ
dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the
European Society of Intensive Care Medicine. Intensive Care Med 1996; 22:707-710
5. Peres BD, Melot C, Lopes FF, Nguyen B, V, Vincent JL: The Multiple Organ Dysfunction Score
(MODS) versus the Sequential Organ Failure Assessment (SOFA) score in outcome prediction.
Intensive Care Med 2002; 28:1619-1624
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Appendix IX. Consent forms and narrative for phone contact
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Appendix X. Pharmacy Order Sheet for Eythropoietin
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Appendix XI. Justification of the Emergency Consent Exception
The study meets the criteria for exemption from informed consent requirements for emergency research under
21 CFR 50.24:
1. TBI is life-threatening disorder with no effective treatment: Patients with severe TBI who will be eligible
for this study have a life-threatening condition with no satisfactory alternative treatment, and the proposed
randomized trial is necessary to determine the effectiveness of the treatment with erythropoietin and also to
determine the optimal transfusion trigger for this patient group.
Details:
1.a.
The mortality rate for patients who are admitted to the hospital in coma due to a traumatic
brain injury ranges from 25-35%. In a previous clinical trial performed at Ben Taub General
Hospital, with similar entry criteria to the currently on-going Epo study, 46/189 (24%) of
patients enrolled in the study died (1).
1.b.

The most recent version of the head injury guidelines published by the Brain Trauma
Foundation (2) reviews the current literature and reports no specific treatment that has
improved neurological outcome from severe traumatic brain injury. The current recommended
treatment is simply good critical care management with control of intracranial hypertension
and prevention of secondary injury to the brain.

1.c.

There is abundant experimental data demonstrating neuroprotection with erythropoietin in
models of CNS injury, including models of TBI (see review in Appendix 1). Erythropoietin is
FDA approved for the treatment of chronic anemia. While erythropoietin is sometimes used in
the critical care setting to treat anemia associated with critical illness, its routine use is not
currently recommended in this setting. Erythropoietin has been shown to reduce the need for
blood transfusions, but this has not been shown to improve outcome in the critically ill patient.
A well-designed randomized clinical trial is needed to determine effects of erythropoietin on
neurological outcome and on anemia and blood transfusion requirements in patients with
severe TBI.

1.d.

There is clinical equipoise for studying the optimal transfusion trigger in patients with traumatic
brain injury (see review in Appendix 1). A transfusion trigger of 10gm/dl provides the optimal
oxygen carrying capacity and optimal blood viscosity for cerebral blood flow and therefore
provides the best oxygen delivery to the brain, but requires greater number of blood
transfusions and therefore a greater risk of transfusion-related complications. A transfusion
trigger of 7gm/dl, which reduces the risk of transfusion-related complications, is well-tolerated
in most critically ill patients, but has not been systematically studied in brain-injured patients.
The potential risk of anemia in a patient with traumatic brain injury is exacerbation of brain
ischemia and of intracranial hypertension. Both transfusion triggers are commonly practiced
in TBI patients, but no data clearly indicates which is best practice. A well-designed
randomized clinical trial is needed to determine the optimal hemoglobin concentration for
patients with severe TBI (3,4,5,6).

2. Obtaining written informed consent is not feasible: Obtaining informed consent for this study is not
feasible because the patients eligible for the study will not be able to give informed consent, the treatment with
erythropoietin must be given within 6 hr of injury in order to be effective and surrogates for informed consent
are not likely to be available at the hospital within this time frame for a large percentage of the eligible patients,
and there is no way to identify prospectively the patients that will be eligible for the study.
Details:
2.a.
Patients who are eligible for this study are in coma and will not be able to give informed
consent.
2.b.

In experimental models of TBI, treatment with erythropoietin more than 6 hours after injury has
no significant neuroprotective effects (see section 4 below).
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2.c.

The percentage of patients with relatives available to give informed consent increases with
time after injury. Few patients with traumatic injury have relatives immediately available at the
time of arrival at the hospital.
In a past TBI study where we prospectively tracked the availability of relatives for consent, we
found that the percentage of patients with relatives increased from 3% at 1hr to 25% at 3 hr,
43% at 6 hr, and 58% at 12 hr after injury (solid line in graph below). Some time after the
family arrives is required to explain the patient’s condition and then to discuss the research
protocol and for the family to make a decision about participating (dotted line in graph below).
In addition, time is required after the consent is signed for the pharmacy to make up the drug
that is to be given.
This data from a past TBI study is very similar to the experience in our ongoing study which is
presented in section 5. Of the 59 patients who were potentially eligible for the study during the
first 10 months of enrollment, families were available for 10% at 1hr post-injury, 22% at 3hr
post-injury, and for 42% at 6hr post-injury.
100
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As will be shown with our experience in the current trial of Epo (see section 6), these time
constraints make it very difficult to enroll patients early enough that they will receive a study
drug within 6 hr of injury. It is nearly impossible to administer a study drug using prospective
written consent within 3 hr of injury when neuroprotective agents like Epo would be expected
to have the most benefit.
2.d.

Anyone in the city of Houston can be a victim of trauma, and therefore it is not possible to
identify patients that might be eligible for the study prospectively.

3. Epo study has potential direct benefit to patients: Participation in the study has potential direct benefit
for the patients. All patients enrolled in the trial will receive standard management of their head injury.
Experimental studies in models of traumatic brain injury have shown significant improvements in outcome with
erythropoietin treatment (see review in Appendix 1).
4. Epo study has reasonable risk relative to medical condition of patients: The risk/benefit ratio of the
study is favorable, especially considering the high mortality/morbidity of severe TBI.
The risk of erythropoietin (with the target hemoglobin levels planned in this study) for trauma patients
who are critically ill has been quite low, consisting primarily of an increased risk of thrombophlebitis.
Anemia is very common in this patient population, and most patients receive blood products as a part
of their acute care treatment. In our center 60% of severe TBI patients require transfusion of at least
one unit of packed RBCs during their acute hospitalization. Two large multi-center studies have been
completed, showing higher hemoglobin concentrations, reduced need for transfusions, and in the most
recent trial (EPO-3, reported at the SCCM meeting in February 2007) a 50% reduction in mortality rate
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with Epo administration (7,8). In our trial, we may see these benefits, plus the possibility of an
improved neurological recovery.
The potential adverse effects with administration of Epo have recently been emphasized in an FDA
bulletin. These adverse effects have included hypertension, increased mortality and cardiovascular
adverse events, and tumor progression in patients with cancer. These increased risks have primarily
occurred in studies where a hemoglobin concentration greater than 12g/dl has been targeted, and in
patients with chronic renal failure or cancer, respectively. In addition, an increased incidence of
thrombophlebitis was observed post-op in orthopedic patients. To minimize these risks, our study
excludes patients with uncontrolled hypertension, with significant preexisting cardiovascular disease,
chronic renal disease, and with active cancer. In addition, the maximum hemoglobin concentration
targeted in the study is 10g/dl, and the study uses the recommended practice of holding the weekly
doses of study drug if the hemoglobin concentration is greater than 12g/dl or has increased more than
1g/dl over 2 weeks.
Patients with severe TBI have a high risk for developing thrombophlebitis, but they also have a
contraindication to heparin for prophylaxis because of the potential for intracranial hemorrhage after
brain trauma. To minimize the risk of thrombophlebitis, venous compression devices are therefore
used as DVT prophylaxis during the first few days post-injury, and then heparin is added whenever the
risk of intracranial hemorrhage resolves.
In summary, the potential benefits of the study may include maintenance of a higher hemoglobin
concentration with a reduced blood transfusion requirement, and improved neurological outcome. The
major potential risks for this patient population include hypertension, and an increased risk of
thrombophlebitis. These risks will be minimized by excluding patients who are at greatest risk for
these complications, by close monitoring of hemoglobin concentration and holding the weekly doses of
Epo if hemoglobin concentration increases too much, and by use of DVT prophylaxis as part of our
standard management.
5. Time window for Epo neuroprotection: The therapeutic window for neuroprotection with erythropoietin
has been studied in experimental models. Like most neuroprotective agents, the effectiveness of Epo is best
when given very early after injury (2-3 hours after injury), but still has some significant neuroprotective effects
as late as 6 hours after injury. By 9 hours post-injury, there is no significant effect with Epo administration. A
summary of the available information is given in the table below.

Species

Injury
Model

In Vivo Studies
Mouse
Controlled
cortical
impact
injury
Mouse

mca infarct

Rat

Controlled
cortical
impact
injury

In vitro Studies:
Cultured
Anoxia
hippocampal

Time
Points
pre-injury,
0, 3, 6hr
post-injury
preischemia,
0, 3, 6, 9
hrs postischemia
5min, 1,
3, 6, 9, 12
hr postinjury
2, 4, 6,
and 12 hr

Time Window Results

Reference

data not shown but text states “the
animals receiving r-Hu-EPO at 0, 3, or 6 h
in relationship to trauma revealed a
similar protection as pretreatment with rHu-EPO”
The infarct volume was significantly
reduced when Epo was given preischemia, and at 0, 3, and 6 hrs after
ischemia. The reduction in infarct volume
was less at 6 hrs compared to 3 hrs.
Contusion volume and neuron loss in
hippocampus reduced when given 5min,
1, 3, and 6 hrs post-injury. Contusion
volume less when given at 3 hr compared
to 6 hr

(9,10)

Best preservation of neurons occurred
with Epo at 2 hr post-anoxia, and the

(12)

(9)

(11)
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neurons

postanoxia

Endothelial
cells and
hippocampal
neurons in
culture

NO
exposure

Neuron
cultures

Glutamate
toxicity,
kainite
Trauma

hippocampal
slices

2, 4, 6,
and 12 hr
post-NO
exposure

protective effect was reduced with Epo at
6hr post-anoxia and absent with Epo at
12 hr post-anoxia
Best preservation of endothelial cells and
neurons occurred following administration
of Epo at 2 hr, no effect with
administration at 12 hr, and an
intermediate effect with administration of
Epo at 4 and 6hrs

(13) and (14)

pre-treatment is necessary, posttreatment is not effective

(15) and (9)

administration of Epo at times up to 30
minutes after the traumatic injury
improved outcome. At 60 minutes after
the traumatic injury, no effect on outcome
was seen

(16)

In addition to these acute neuroprotective effects, there are a few studies that suggest that other beneficial
effects of Epo (including neurogenesis and angiogenesis) may occur and improve neurobehavioral outcome
after stroke and trauma even when given 24 hr after the neurological injury (17,18).
6. Epo study is impracticable without exception: The proposed study is impracticable without waived
consent for two reasons. First, we may not be able to enroll a sufficient number of patients to complete the
study in a reasonable amount of time using prospective written consent, and secondly we are not able to enroll
any patients within the time frame that is probably needed to have optimal neuroprotection with erythropoietin
using prospective written consent. The enrollment in our ongoing trial is detailed in the tables below.
Details:
6a.
We began enrolling patients in the study in May 2006, using prospective written consent from
family members of patients. We need to enroll 4-5 patients per month in order to complete the
study within the approved 5 year funding period. A summary of enrollment from May 2006
through April 2007 is shown in the table below.
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Number of Patients
May
200
6

Jun
e
200
6

July
200
6

Aug
200
6

Sept
2006

Oct
200
6

Nov
2006

Dec
2006

Jan
2007

Feb
2007

Mar
2007

April
2007

Expected
enrollment:
Cases/month
Cumulative

5
5

5
10

5
15

5
20

5
25

5
30

5
35

5
40

5
45

5
50

5
55

5
60

Actually enrolled:
Cases/month
Cumulative

1
1

3
4

4
8

1
9

2
11

1
12

2
14

5
19

1
20

2
22

0
22

1
23

Eligible but no
family was
available
Cases/month
Cumulative

2
2

3
5

2
7

4
11

4
15

3
18

6
24

3
27

6
33

4
37

3
40

3
43

Eligible but refused
Cases/month
Cumulative

0
0

0
0

0
0

0
0

1
1

2
3

0
3

0
3

0
3

1
4

2
6

0
6

A total of 69 patients who were eligible for the study were admitted to the hospital during the
first 12 months of the study. Of these 69 patients, only 29 (42%) had a relative available to
give informed consent within the time window of the study. Twenty-three (33%) of the 69
patients were able to be enrolled in the study, and 6 (9%) of the families either decided not to
participate in the study. We have been able to enroll less than half of the number of patients
that we need to complete the study.
6b.

In addition to the 23 patients that were enrolled in the study within the first 12 months of the
study, there was one patient where family arrived near the end of the 6hr time window, but
they were unable to make a decision in time to enroll him. There were another 42 patients
who were otherwise eligible for the study but relatives were not available within the 6 hour
time window. In 13 of these 42 cases, we were able to contact a family member by phone but
they were unable to get into the hospital to sign the written consent form within the 6 hour time
window. In 5 cases, we had early contact with a friend or distant relative, but no close relative
that could give consent for research was contacted within the 6 hour time window. In the
remaining 24 cases, we had no contact with any family members within the 6 hour time
window. The table below details this information.
Time After Injury (hours)

8451
8475

Arrival at
BTGH
.37
1.68

Arrival of
Relative
>12hr
8.0

8516
8539

3.05
3.68

7.0
>12hr

8561

.75

>12hr

8654

.62

>12hr

Comment
no identifying information for patient
family was contacted and agreed to study but could
not get to hospital until 8hr
contacted wife by phone within 6hr, but she could
not get to the hospital until later
uncle arrived within 2hr of injury, but no other
relatives present in the country
family all in PA, contacted by phone but no one
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8599
8722
8723

.72
.38
.28

>12hr
7
5.33

8738

.65

.65

8772

1.0

8.0

8775
8787
8799
8851
8874

.77
.95
.5
.9
.70

21
>12hr
>12hr
10
6.33

8888
8938

.73
.08

>12
6.5

8952

1.43

>12

8959
8961
8983
9003

.83
.80
.83
.62

>12
5.95
>12
>12

9023
9077
9088
9119
9132
9195

.58
.50
3.95
.75
.50
.97

>12
7.08
11.5
>12
>12
6.25

9199
9206
9211
9217
9237
9245
9263

.67
.57
.37
.85
.42
.42
.55

>12
>12
>12
>12
>12
>12
21

9296

.5

>12

9344

.63

>12

9355

.50

>12

9417

.53

>12

9434

.72

>12

could arrive in time
no identifying information for patient
family arrived, but could not make decision by 6hr
post-injury, they finally decided to participate but it
was too late to enroll him
daughter was at the hospital very briefly, but left
and did not return to the hospital until after 6 hr,
could be reached by cell phone.
wife contacted by phone within 6 hr but could not
get to hospital in time
no identifying information for patient
called phone number, but no answer
father was contacted by phone, but did not arrive
within 6 hr
called phone number, but no one answered
family contacted, but unable to get to hospital until
6.5 hr post-injury
contacted mother in Austin, unable to get to
hospital until next day
no identifying information for patient
mother contacted, but did not arrive in time to enroll
family contacted, but did not arrive in time
family out of town, contacted, but could not arrive
until next day
no identifying information for patient
family contacted, but did not arrive until 7hr
wife not located until 11.5 hr
sister-in-law was the closest relative in US
unknown
police located family, but they did not arrive until
after 6 hr
no identifying information about patient
no identifying information about patient
phone number called, but no answer
no identifying information about patient
friends found, but no family in US
called phone number, but no answer
family in Mexico, contacted but could not get here
until next day
unknown, the only person who knew about his
family was killed in the same accident
no direct family in US, all living in Honduras
No direct family in the USA. Family members
currently living in Guatemala per pt's friend
patient had cell phone with a name and phone
number on the screen, but the phone was locked.
Internet search indicated the phone number was
from NY, name search produced multiple matches,
social worker also contacted to assist
patient's name was known, but unable to locate
any relatives
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9463

.48

11.4

9485

.50

37.25

Mean
6c.

patient was initially unknown, mother arrived after 6
hr
patient was initially unknown, brother arrived 2nd
day

1.09

With neuroprotective agents, usually the earlier that a drug can be given the greater the
benefit. In experimental models of CNS injury (see section 5 above), the best outcome with
Epo occurs when the dose is given within 2-3 hours after injury. There is still a significant
reduction in injury when the dose is given at 6 hours after injury, but the neuroprotective effect
is less than when the dose is given at 3 hours after injury. Beyond 6 hours post-injury, there is
no significant neuroprotective effect with Epo administration.
The time of the first dose of the Epo study drug in the 23 patients who have been enrolled in
the study so far is shown below. Although most of the patients arrived at the hospital less
than 1 hour post-injury, the average time for obtaining written informed consent was 4.23
hours after injury, and the first dose of the drug was given at 5.58 hours after injury. Only 2
patients were enrolled in the study within 3 hours of injury, and none of the patients received
the first dose of the study drug within 3 hours of injury.
Time After Injury (hours)

8461-Epo 1
8532-Epo 2
8544-Epo 3
8562-Epo 4
8600-Epo 5
8626-Epo 6
8644-Epo 7
8659-Epo 8
8694-Epo 9
8807-Epo 10
8820-Epo 11
8897 Epo 12
8982 Epo 13
9040 Epo 14
9044 Epo 15
9057 Epo 16
9065 Epo 17
9072 Epo 18
9097 Epo 19
9169 Epo 20
9283 Epo 21
9300 Epo 22
9460-Epo 23
Mean

Arrival at
BTGH
.55
.57
.52
.60
1.75
.58
.67
.63
.63
.60
.32
1.30
.63
.58
.67
.60
.23
.65
.38
.62
.57
.45
.53

Arrival of
Relative
1.72
1.17
0.58
3.83
1.75
4.12
2.67
5.00
0.63
4.50
3.75
1.30
3.45
3.53
.92
3.87
.50
3.37
.62
3.00
3.48
3.00
2.70

.64+.31

2.58+1.40

3.72
3.25
3.58
4.23
3.32
4.62
2.80
5.55
3.15
5.33
4.58
3.92
4.78
5.28
5.12
4.28
2.83
3.70
3.62
4.00
5.00
5.17
5.37

First Dose
(where dose was given)
6.0 (ICU)
5.0 (OR)
7.0 (ICU)
5.8 (ICU)
5.3 (OR)
6.0 (OR)
4.3 (ICU)
6.0 (ICU)
4.8 (ICU)
6.0 (ICU)
5.8 (ICU)
6.00 (ICU)
5.87 (ICU)
6.00 (ICU)
5.92 (ICU)
5.37 (ICU)
3.50 (ICU)
4.83 (ICU)
5.37 (ICU)
5.75 (OR)
5.97 (ICU)
6.33 (ICU)
5.87 (ICU)

4.23+.87

5.58+.73

Enrollment

It is possible that we can shorten the time between enrollment and administration of the drug
somewhat, but it is unlikely that we will be able to alter either the time to arrival of the relative
or the time required to obtain informed consent. As a result, we will be unable to get early
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drug administration at a time when the drug is most effective in experimental studies while
prospective written informed consent is required.
6d.

We are adding an additional study site in June 2007 and may be able to enroll a sufficient
number of patients to complete the study. However, the other site that we are adding will not
be able to do the detailed physiological studies that are unique to our center. We will only be
able to look at the effects of Epo on long-term neurological outcome in these additional
patients. Most importantly, addition of other sites will not alter the time that is required to
enroll patients using prospective informed consent, and it is likely that almost all patients will
continue to receive the study drug near the end of the 6 hour therapeutic window.

7. DSMB committee: We have an independent DSMB committee, appointed by NIH, to monitor the study.
The DSMB had two conference calls prior to approving the start of the study, and the first meeting occurred in
Houston on November 30, 2006. In this meeting, after reviewing the results so far, they recommended that we
pursue the emergency consent exception so that the administration of the study drug can be earlier. The next
meeting is scheduled for June 11, 2007. The members are listed at the start of the protocol.
Proposed plan for obtaining consent.
We will try to contact relatives for the first 3 hours after injury. We will work with the social worker in
the Ben Taub EC to find any identifying information available with the patient, and to call all phone
numbers identified as possible relatives at least once, leaving messages when possible. If family
arrives at the hospital within 3 hours after injury, then we will enroll the patient only if they give
permission and sign the informed consent.
If we are able to contact relatives by phone within the first 3 hours, but they are not able to get to the
hospital quickly then we will describe the study to the relative by phone following the narrative that is
attached. If they are agreeable, we will enroll the patient in the study. When the family arrives at the
hospital, we will discuss the study with them again and have them sign the consent form to continue
participation in the study.
If no family is located within the first 3 hours then we will enroll the patient using the emergency
exception. When family is subsequently found, we will inform them about the study and allow them
the opportunity to continue to participate. If they agree, we will have them sign the consent form to
continue participation in the study.
It is possible that a patient might be enrolled in the study using the emergency exception from
informed consent, and then die prior to locating the family. If this should happen and any relatives are
subsequently identified, they will be informed about the patient’s participation in the study.
We will summarize these events for the IRB at the time of each annual review.
Results of Community Consultations
We have consulted with approximately 300 people in the Houston area in 13 separate activities
regarding this study. We have targeted the areas of Houston that are the highest patient areas for
Ben Taub General Hospital, and included groups that were predominantly African American and/or
Hispanic, which are the two major minority groups cared for at the hospital. A complete
documentation of these consultation activities is included in Appendix 1. Briefly, the results are
summarized below.
The following is the information that was provided at the meetings about the study:
The Neurosurgery Department at Baylor College of Medicine and Ben Taub General Hospital
is conducting a clinical trial of a drug called Erythropoietin (or Epo) in patients who have
suffered a severe brain injury from trauma. We would like to tell you about this study, and ask
your opinion about it.

Epo for TBI
Version 12, 4/19/11
Page 125 of 127
The drug that we are studying, Epo, is an FDA-approved drug that is given to patients to treat
a low blood count. We are trying to see if Epo may also improve recovery of brain function
after a severe injury. Patients who are enrolled in this study will all receive standard treatment
for their head injury. In addition to standard treatment, half of the patients will receive Epo and
half will receive placebo. All of the patients will be followed for 6 months after their injury to
see how well they recover. The potential benefits of participating in the study are: Epo may
improve the blood count and reduce the number of blood transfusions that are needed. Epo
may reduce damage to the brain. The potential risks of Epo are that it may cause or worsen
high blood pressure, and that it may cause blood clots.
Normally for a research study like this, we would ask the patient or the patient’s family if they
would like to participate in the study and have them sign a consent form explaining all of
potential benefits and risks of the study and explaining their rights as a research subject.
However, for this study the drug must be given very soon after the brain injury to help. The
patients will not be able to give consent because of their brain injury. Many patients do have
not family members available at the hospital rapidly enough to give the usual informed
consent for the study. When this is the case, federal law allows investigators to apply for an
exception to the usual informed consent. In the place of initial written informed consent, the
investigators must notify the community that the study will be taking place without consent,
and ask the community for feedback about whether they think that the study should take place
without the usual informed consent for all patients.
We will try to find relatives of patients for up to 3 hours after injury. If we find a relative, we will
only enroll the patient if the relative agrees and signs a consent form. If no relatives are found
within 3 hours after injury, we will enroll the patient in the study. Then when relatives are
located or if the patient recovers, we will tell them about the study and let them decide if they
wish to continue to participate or withdraw from the study. As with any research study,
patients can withdraw from the study any time that they wish.
After any questions and/or discussion that ensued, we then asked for the participants to fill out a
survey with 6 questions about the study. The results are summarized below.
Question 1 Results: Do you understand the study?
Strongly agree = 124 (42%)
Agree
= 161 (55%)
Disagree
= 5 (2%)
Strongly disagree
= 1 (0.3%)
No answer
= 3 (1%)
“unsure”
= 1 (0.3%)

Total agree = 285 (97%)

Question 2 Results: Do you understand that most of the patients will be enrolled in the
study initially without their consent?
Strongly agree = 108 (37%)
Agree
= 166 (56%)
Total agree = 274 (93%)
Disagree
= 13 (4%)
Strongly disagree
= 4 (1%)
No answer
= 2 (0.7%)
“unsure”
= 2 (0.7%)
Question 3 Results: Do you understand that patients will be randomly assigned to
receive erythropoietin or placebo?
Strongly agree = 109 (37%)
Agree
= 162 (55%)
Total agree = 271 (92%)
Disagree
= 16 (5%)
Strongly disagree
= 6 (2%)
No answer
= 2 (0.7%)
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Question 4 Results: Do you understand that all patients will receive standard care for
head injury, regardless of whether or not they receive erythropoietin?
Strongly agree = 149 (51%)
Agree
= 131 (44%)
Total agree = 280 (95%)
Disagree
= 10 (3%)
Strongly disagree
= 2 (0.7%)
No answer
= 3 (1%)
Question 5 Results: Are you willing for this study to be done in your community?
Strongly agree
= 129 (44%)
Agree
= 147 (50%) Total agree = 276
(94%)
Disagree
= 5 (2%)
Strongly disagree
= 8 (3%)
“not sure”
= 2 (0.7%)
“n/a”
= 2 (0.7%)
No answer
= 1 (0.3%)
“you need to widely publicize the study” = 1 (0.3%)
Question 6 Results: Would you be willing to participate in the study if you were to have
a head injury?
Strongly agree = 138 (47%)
Agree
= 126 (43%)
Total agree = 264 (89%)
Disagree
= 15 (5%)
Strongly disagree
= 11 (4%)
No answer
= 3 (1%)
“unsure”
= 2 (0.7%)
Public Disclosure of Plans to Use Emergency Consent Exception
As a part of doing the community consultation activities, we have done some work that has begun to
notify the public of these plans. We have set up a website for the study that is linked to the Baylor
Neurosurgery department site. Working with Baylor and HCHD public relations we have put out a
press release about the study. Details of these notifications are described in Appendix 1. When the
emergency consent exception is approved, we will then provide more extensive notification of the
public through additional press releases, advertisements, and public service announcements.
Plan to publicly disclose the results of the study at completion.
We will work with Baylor College of Medicine and Harris County Hospital District public relations to put
together a press release with the major findings of the study. We will also summarize the findings of
the study on our study website which is linked to the Baylor Neurosurgery department site.
Reporting details of obtaining informed consent
In our yearly renewal, we will provide the IRB with a summary of the number of patients enrolled by
the exception, and a summary of how informed consent was subsequently obtained.
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