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Abstract
Introduction: Acute Spinal Cord Injury (ASCI) is one of the most common and important disorders in the
field of neurosurgery. Progress achieved in relation to the care provided to repair spinal cord injuries
have been taken from ancient times to the present day. Recently Neuroprotective therapies have
attracted a lot of staff to approach the patient. Research scientists have shown that there is a possibility
of recovery after spinal cord injury. Many pharmacological agents, Erythropoietin, in this field are used
to reduce secondary damage after the primary insult and try to preserve nerve tissue. The aim of this
study was to investigate the effect of Erythropoietin on sensory and motor status of patients with acute
spinal cord injury. Materials and Methods: In this clinical trial, 60 patients with acute spinal cord injury
in the Frankel classification, the category A to C, and the selection of matched Frankel class into two
groups A and B (each group consisted of 30 patients) was done. Group A underwent conventional
treatment received methylprednisolone, were used erythropoietin and were compared after 4days,6months intervals in terms of complete and incomplete cord injury status with group B (that underwent
only conventional treatment such as methylprednisolone). Results: In our study of two groups there
were 16 patients with complete spinal cord injury and 44 patients were had incomplete SCI. In the
period of 4 days after the onset of the study, patients with complete SCI in case and control group did
not recover. In Patients with incomplete spinal cord injury in case group 13 of 21 patients (62%) and 2
of 23 patients (9%) in the control group were cured. In the period of 6 months after the study, 2 of 8
patients (25%) in case group with complete cord had recovery. In the control group of patients with
complete spinal cord injury didn't have any recovery. Also in incomplete SCI 12 of 19 patients (63%) in
case group and 5 of 21 patients (23%) in the control group were cured. Conclusion: Based on the results
obtained improvement in muscle strength and sensory classified according to Frankel in patients
receiving erythropoietin in period between 4 days and 6 months can be seen that the difference
significant with the control group (P<0.0001). So Frankel class B, C to C- D- E Frankel grade was reached
after recovery.
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Introduction
Acute Spinal cord injury (ASCI)is among the
most common and important disorders in the
field of neurosurgery and causes sensory,
motor, urinary tract impairment or a
combination of these and in our country are
consist a large proportion of patients that
referred to trauma centers (1). Progress
achieved in relation to the care provided to
repair spinal cord injuries have been taken from
ancient times to the present day (2) Research
scientists have shown that there is a possibility
of recovery after acute spinal cord injury (2).
The classic two types management for these
patients are: Conservative and surgical
treatment,
if
necessary
(3).
Now
methylprednisolone is only protocol treatment
with part of the therapeutic benefit and
associated dangerous side effects. Recently
Neuroprotective
therapies
such
as
erythropoietin – Minocycline – progesterone
etc., have attracted a lot of staff to approach
the patients (1-4). Many pharmacological
agents in fact, in this field are used to reduce
secondary damage after the primary insult and
try to preserve nerve tissue (5). Inflammation
plays an important role in spinal cord injury.
Although the use of anti-inflammatory such as
prednisolone have the beneficial effect, but use
of methylprednisolone have had the moderate
beneficial effects.
For serious complications of spinal cord
injury, use of erythropoietin to reduce
inflammation and limit the neuronal apoptosis
is benefit. Erythropoietin increases cell survival
through inhibition of apoptosis. Erythropoietin
has a direct impact on reducing inflammation
and apoptosis addition can also improve
vascular perfusion (6). Cytokine EPO has a
strong protective effect against brain and spinal
cord injury including transient brain ischemic
and restores blood flow and improves spinal
cord injury (7). Damage the nervous system
stimulates proinflammatory cytokines and

other molecules of complicated cascade that
ultimately leads to necrosis –apoptosis neurons
- oligodendrocytes and endothelial cells (8).
Recent studies have shown that a general
response in the brain and spinal cord injury in
an increase in erythropoietin and receptors
erythropoietin.
Erythropoietin important role in the CNS of
mice devoid of the EPO-R study found a lack of
EPO-R. In these mice, large amounts of
apoptosis and neuronal precursor cells showed
reduction. (14)
In this study there in Tabriz -Iran
Department Biochemistry in 2010 was done on
rat spinal cord injury showed that
erythropoietin has properties antioxidant and
reduce per oxidation lipid (11).
The aim of this study was to investigate the
effect of Erythropoietin on sensory and motor
status (Frankel) of patients with acute spinal
cord injury.
Materials and Methods
In this clinical trial, 60 patients with acute
spinal cord injury in the Frankel classification,
the category A to C, and the selection of
matched Frankel class into two groups A and B
(each group consisted of 30 patients) was done.
Group A underwent conventional treatment
received methylprednisolone, were used
erythropoietin were compared after 4days,6months intervals in terms of complete and
incomplete cord injury status with group
B(that underwent only conventional treatment
such as methylprednisolone.)
The study included patients with acute
spinal cord injury population in Center of Imam
Reza hospital within a year.
Inclusion criteria:
- Acute spinal cord injury with Frankel A to C.
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- To the hospital during the first 8 hours of
trauma.
- An informed consent to participate in the
study.
- C1-T12 vertebral fractures spine.
Exclusion criteria:
- Patients with uncontrolled high blood
pressure
- Patients with hypersensitivity to human
albumin.
- Pregnancy and lactation.
- Erythroid leukemia.
- Patients with a history of thrombo embolic
events.
- Patients with severe coronary artery,
peripheral artery – Carotid or brain diseases.
- Brain injury patients with low GCS due to lack
of accurate determination of the sensory and
motor patients.
In all patients with traumatic spinal cord
injury, spinal (thoracic-cervical) and damage
neurological (complete or incomplete), in the
admission stage of sensory-motor patients
were classified according to Frankel. The
protocol treatment for all patients in the
guidelines of neurosurgery was performed as
follows (6):
All patients who were taken to hospital with
acute spinal cord injuries during the first 8
hours, methylprednisolone 33mg/kg as a bolus
intravenously within fifteen minutes infusion.
After
45
minutes,
5.4
mg/kg
methylprednisolone infusion within 23-47
hours then patients can be divided into two
groups, the first group (cases) in addition to
methylprednisolone, after obtaining the
consent of the patient, erythropoietin 500 units
per kilogram of body weight by intravenous
infusion in 3 divided doses given within 3
days(7).

(Recombinant human erythropoietin Alfa
produced by recombinant DNA technology vial
contains 165 amino acids and has a molecular
weight of 34,000 Daltons. 2000 units in a vial
and the construction of Iran's Exir
Pharmaceuticals).
In the second group (control) additional
treatment will not added other than
methylprednisolone. Muscle strength and
sensory level Frankel by category A-E in 4 days
and discharge time and 6 months after trauma
will be taken in both groups.
During the study, patients in the baseline
period, 4 days and 6 months after baseline
were examined. Before the trial begins by
explaining all of the patients wrote consent.
Patients are free to leave the study and not to
participate in the study at any time of the
study.
Data obtained by using descriptive statistics
(Mean ± SE), frequency, percentage and mean
difference test (T-Test ,chi-Square Test) for
independent samples for quantitative variables
and chi-square test for qualitative variables and
using the statistical software SPSS™ 16 review
and statistical analysis was performed. The P
values less than 0.05 was considered
statistically significant.
Results
Finally, 54 people (90%) completed this
study and 6(10%) patients died. Of the 60
patients, 45 patients (75%) were male and 15
patients (25%) were female (p=0.6).
Of the 60 patients, 29 patients (48%) with
cervical spinal cord injury and 31 patients (52%)
thoracic spinal cord injury.
Check the status of recovery or non-recovery in
spinal cord injury patients in two groups based
on 4 days and 6 months after starting the study
in Tables 1-4 and 2-4.
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Case group

Control group

P value

Cord injury Complete
recovery 0
Non recovery 9 )%100(

0
7 )%100(

recovery 11 )%62(
Non recovery 8 )%18(

2 )%9(
21 )%91(

Cord injury Incomplete
>000001

Table 1: Check the status of the recovery or non-recovery of both groups based on the type of injury four
days after the beginning of the study

Complete cord injury
Recovery
no recovery
Incomplete cord injury
Recovery
No recovery

Case group

Control group

2 )%25(
6 )%75(

0
6 )%100(

12 )%61(
7 )%17(

5 )%21(
16 )%76(

P value
<0.0001

>000001

Table 2: Check the status of recovery or non-recovery in two groups based on the type of spinal cord injury
patients 6 months after the beginning of the study

Discussion
Spinal trauma disease is the most significant
injuries which can cripple a person for a
lifetime, low quality of life, cost of care for
patients and the short life of the individual.
Health measurements with early treatment is
important to improve the quality of life of
patients. (8-9-10). Therefore, in this study the
Neuroprotective effect of erythropoietin drug
in acute spinal cord injury patients with severe
sensory and motor dysfunction were studied.
Erythropoietinhormoneis a 165 amino acid
glycoprotein that belongs to the cytokine type I
family. Initially they believed that it only plays
the role of erythropoietin erythropoiesis
regulation of erythropoietin ability to inhibit
apoptosis in erythroid cells, which is a result of
the maturation of erythroid cells (11-21-22-2324).

In compare with others the prominent role
of erythropoietin convention neurogenesis in
protecting neurons (neurogenesis) and acts as a
neurotropic factor in the central nervous
system was obvious. The function of
erythropoietin for the treatment of diseases
associated with neuronal death makes it a
suitable.
Several mechanisms have been proposed for
the role of EPO with the results obtained in our
plan is approved And the main cause of
erythropoietin treatment response to its effect
on neuronal and vascular structures (11-12-13).
Erythropoietin important role in the CNS of
mice devoid of the EPO-R study found a lack of
EPO-R. In these mice, large amounts of
apoptosis and neuronal precursor cells showed
reduction (14).
Erythropoietin may reduce endothelial cells
lining the passage of leukocytes as well as
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increased resistance to endothelial cells against
ischemia (17-18-19-20).

this difference is statistically significant from
control group

Totally in our study in two groups there
were 16 patients with complete spinal cord
injury and 44 patients with incomplete spinal
cord injury there. In 4 days after the start of the
study period, 16 patients with complete spinal
cord injury no improvement was seen. Also in
patients with incomplete spinal cord injury 13
of 21 patients (62%) in case group and 2 of 23
(9%) patients in control group were cured.

It seems that erythropoietin decreases acute
phase proteins, which has led to an
improvement in sensory and muscle strength in
patients with acute spinal cord injury.

In the period of 6 months after the study, 2
of 8 patients (25%) in case group with complete
spinal cord injury were recovered. But no
improvement was observed in the control
group. Also in patients with incomplete spinal
cord injury 12 of 19 patients (63%) in case
group and 5 of 21 patients (23%) in the control
group were cured.
As it is obvious in our study group
erythropoietin significant progress Frankel
classification of patients, respectively was seen.
Conclusion
The results of statistical analysis showed
that intravenous erythropoietin improves the
sensory and motor function in patients with
acute spinal cord injury was associated with
significant side effects were not recorded
throughout the study.
Based on the results obtained, further
improvement
in
patients
receiving
erythropoietin in the range of Frankel C and B
in 4 days and 6 months after the trauma occurs;

Suggestions
1- Based on the results of animal studies
that show the positive effect of EPO on
improving
clinical
performance
and
improvement at the cellular level – molecules.
And the result of our study is to improve clinical
performance on 4 days and 6 months after
treatment was effective and safe as well as
erythropoietin can be the spinal cord acute
injury of the tried.
2- The number of the patients in our study
was 60patients which depending on the type
and duration of follow-up studies it is
recommended to achieve the best results with
a higher volume of patients continues.
Increasing number of specimens that will
evaluate the effect of erythropoietin therapy
on functional recovery in patients with higher
accuracy and statistical value should be done.
3- Recommended in future studies
followed patients for a longer period of time
should be evaluated for vascular events.
4- EPO used dose was 500 units per kg of
patient weight. Recommended lower doses of
drugs used in future studies and comparing the
results is suggested. The purpose of this
therapy is to achieve a lower cost.
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