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Abstract 

Background: Diffuse axonal injury (DAI) is the most prevalent nerve lesion in brain trauma. Given the known effects of erythropoietin 
and pentoxifylline on the reduction of cell death following hypoxia. 
Objectives: The current study assessed the possible effects of a combination of erythropoietin, pentoxifylline, and vitamin D on patients' 
consciousness level.   
Methods: The present research is a double-blind clinical trial with parallel groups addressing 64 DAI patients (average age: 26.5). The 
intervention group included 32 patients who, apart from the routine treatment, received a combination of erythropoietin, pentoxifylline, 
and vitamin D3. The control group also encompassed 32 patients who only received routine treatment. The effects of the interventions 
were assessed based on Glasgow Coma Scale (GCS), Glasgow Outcome Scale (GOS) scores, and hospitalization duration. 
Results: The findings of the current research revealed that the GCS scores of the supplement (13.6±0.5) and control groups (12.4±1.6) 
were significantly different (P=0.043), being higher in the supplement group. The supplement group gained a higher GOS score compared 
to the controls (4.62±0.15 and 3.8±0.16, respectively, P=0.045). Moreover, a significant difference was observed in the hospitalization 
duration of the supplement (26.5±5.2) and control groups (21.4±3.2) (P=0.020). Nonetheless, the analysis of the extubation time and 
blood pressure of the two groups exhibited no substantial difference.  
Conclusion: In this study, GCS and GOS improved after supplementation. The patients in the supplement group displayed a significantly 
shorter hospitalization duration. No significant difference was, however, detected when the tube was removed. 
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1. Background 

Traumatic Brain Injury (TBI), defined as a 
modification in the function of the brain due to an 
external force, has a considerable effect on public 
health (1). A total of 10 million cases are annually 
under the influence of a new TBI event. The TBI is an 
important source of long-term debility in children 
and adults younger than 35. These diseases can exert 
serious impacts on patients' lifestyles (2, 3). 
Furthermore, it has been established that brain 
damage leads to poor cognitive performance, such as 
planning, language, memory, perception, attention, 
and even brain death. The Centers for Disease 
Control and Prevention (CDC) has asserted that 
during 2002-2006, on average, 1.7 million people 
annually experienced TBI, either alone or in 
conjunction with other damages and/or medical 
conditions (4). 

In other words, TBI is predicted to be the third 
leading cause of global disease burden in 2020. 
Immediately following the initial damage, brain 
edema, the formation of free radicals, and 
inflammatory factors result in secondary brain 
damage, known as the main reason for mortality and 
morbidity (5, 6). Diffuse axonal damage (DAI) occurs 

in 30% of severe concussions. Today, this type of 
injury is considered the most common nerve lesion in 
brain trauma. The DAI usually affects white matter 
tracts complicated in the corpus callosum and 
brainstem. Clinically, persons with DAI can present a 
wide spectrum of neurological dysfunctions (7). 

Since the primary damage is permanent, 
avoidance of secondary damage is the core of  
TBI management measures, necessitating the 
development of effective and safe neuroprotective 
agents to avoid secondary brain injury (8).  
Although various types of anti-inflammatory and 
antiapoptotic drugs have different neuroprotective 
effects on brain injury, a specific drug capable of 
suppressing brain injury progression has not yet 
been introduced. 

Due to the effects of erythropoietin and 
pentoxifylline on improving the outcomes of brain 
trauma (9, 10), the present research assessed the 
possible influence of their combination with vitamin 
D on the consciousness level of patients suffering a 
diffuse brain injury. 

 

2. Objectives 

The current study assessed the possible effects of 
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a combination of erythropoietin, pentoxifylline, and 
vitamin D on patients' consciousness level.   

3. Methods 

This controlled, double-blind, randomized clinical 
trial was conducted on parallel groups at Kermanshah 
University of Medical Science in 2018. The study 
protocol was approved by the Ethical Committee of 
Kermanshah University of Medical Science 
(IR.KUMS.REC.1399.813), and it is registered in the 
Iranian clinical trial registration site with code of 
IRCT20130812014333N157. The Inclusion criteria 
entailed an age range of 16-65 years, brain injury 
patients admitted to intensive care units (ICUs) with 
moderate (GCS 9-12) and severe severity (3<GCS< 8), 
admission within 24 hours after brain injury, no spinal 
cord injury. On the other hand, the exclusion criteria 
were as follows: a prior history of amblyopia or deep 
vein thrombosis (DVT), cancer, administration of 
erythropoietin in the last 30 days, pregnancy, 
uncontrolled hypertension (systolic above 200 or 
diastole above 110 mm Hg), myocardial infarction in 
the last year, a history of epilepsy, patient's 
withdrawal from the study, patient death, and GCS=3. 
The participants were selected via available random 
sampling. The sample size was calculated according to 
Abrishamkar et al. (2012) regarding the level of 
consciousness variable as follows (10). 
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The investigated population consisted of patients 
with brain injury who were assigned to two groups. 
The intervention group (n=32) received a 
combination of erythropoietin (2000 U for six doses 
in two weeks), pentoxifylline (400 mg per oral three 
times per day with meals for two weeks, reduce dose 
to 400 mg twice a day if gastrointestinal intolerance 
is observed), and vitamin D3 (2000 U for six doses in 
two weeks), in addition to the routine treatment 
(supplement group), while the control group (n=32) 
only recived routine treatments. The assessed 
variables included GCS (Glasgow Coma Scale), GOS 
(Glasgow Outcome Scale), hospitalization duration, 
blood pressure, extubation time, red blood cell, 
hematocrit, and thrombocytes. Patients were 
evaluated at different time intervals: the beginning of 
the study (before the intervention), one week, as well 
as one, three, and six months post-intervention. 

For blinding, a pharmacist prepared and numbered 
identical vials containing either routine treatment or a 
combination of erythropoietin, pentoxifylline, and 
vitamin D3. In addition, the partner physician of the 
project, who did not know how to group the patients, 
gave the medicines to the patients in the specified 

packages; moreover, the patients admitted to the ICU 
did not know how to treat them. The limitation of the 
present study was the occurrence of adverse drug 
reactions that made it impossible for the patient to 
continue taking the medicines. 

 

3.1. Statistics 
Mann-Whitney U test and Independent sample t-

test were employed for comparing the quantitative 
variables. Moreover, the qualitative variables were 
compared by the Chi-square test. Data were reported 
as mean±standard error. A p-value less than 0.05 was 
considered statistically significant. 

 

4. Results 

In this clinical trial, 64 DAI patients were screened 
(Figure 1), out of whom four cases died, two in the 
control group (reasons: malignant brain edema and 
sepsis) and two in the treatment group (due to 
pneumonia, multi-organ failure, and sepsis). The 
administration of intravenous heparin in the two 
groups showed no difference. Follow-up neurologic 
results are presented in Table 1. A significant difference 
can be detected between the GCS score of the 
supplement (13.6±0.5) and control groups (12.4±1.6) 
(P=0.043). The supplement group (4.62±0.15) had a 
higher GOS score than the controls (3.8±0.16) 
(P=0.045). Moreover, a significant difference was 
observed in the hospitalization duration of the 
supplement (26.5±5.2) and control groups (21.4±3.2) 
(P=0.020). Nevertheless, the extubation time and blood 
pressure of the two groups (P>0.05) revealed no 
significant difference. Table 2 illustrates hematocrit, 
red blood cell (RBC) counts, as well as the 
thrombocytes of the supplement and control groups. 
The results of the statistical analysis demonstrated no  

 

 
Figure 1. Consort flow diagram for the study enrollment 
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Table 1. Comparison of outcomes between the supplement and control groups 

p-value Supplement Control Variables 
0.53 * 

0.120 ** 

29.1±5.3 
5.6±0.7 

26.2±4.7 
6.3±0.5 

Age (year) 
GCS at admission 

0.043 ** 13.6±0.5 12.4±1.6 GCS at discharge 

0.240 ** 3.9±0.07 3.3±0.5 GOS at admission 

0.045 ** 4.62±0.15 3.8±0.16 GOS at discharge 

0.020 ** 21.4 ± 3.2 26.5±5.2 Hospitalization duration (day) 

0.080 ** 12.6±3.1 13.12±7.8 Extubation time (day) 

0.070 * 127±6 133±7 Blood pressure (mmHg) 

GCS = Glasgow Coma Scale, GOS = Glasgow Outcome Scale 
*Independent sample t-test, ** Mann-Whitney U test 

 
Table 2. Hematocrit, red blood cell counts, and thrombocyte of patients in the consecutive estimation 

Supplement 
6 months  3 months  1 month  1 week 

 
Control Supplement Control Supplement Control Supplement Control 

41.3±1.06 40.6±2.6 41.58±1.46 38±1.7 41.8 ±1.25 40.5±0.39 42.10 ±0.8 41.9±1.8 Hematocrit (%) 

4.8±0.5 4.5±0.18 4.6 ±0.5 4.3±0.31 4.7±0.6 4.5±0.3 4.7±0.16 4.5±0.8 
Red Blood Cell 
(106/ml) 

242.4±17.4 281.3±5.8 243.4 ±3.1 228.4±16.1 257.3±17.4 271.6±4.2 226.4±17.1 223±13.1 Thrombocyte(*103) 

 
significant change in the hematocrit, RBC counts, and 
thrombocytes of the treatment group compared to 
those reported in the control group(P>0.05). 
 

5. Discussion 

The present study investigated the possible 
neuroprotective action of a combination of 
erythropoietin, pentoxifylline, and vitamin D in TBI 
patients. The results revealed a significant 
enhancement in the GCS and GOS scores of the 
supplement group compared to those of the 
controls. Moreover, the hospitalization duration of 
the supplement group was decreased. Traumatic 
brain injury, which is known as a complex and 
multidimensional nerve injury, is accompanied by 
acute and chronic changes in neural functions  
(11, 12). 

Both erythropoietin, a glycoprotein hormone with 
pleiotropic cytokine-like activities, and its receptor 
exist in the central nervous system (13). 
Erythropoietin and its receptor could also be found in 
the peripheral nervous system (14). Although 
erythropoietin and its receptors are present in the 
normal adult brain, their level will increment in 
neurons, glial, neuronal progenitor cells, and 
endothelial cells in response to injury (15). Elevated 
erythropoietin rates are also found in Schwann  
cells following peripheral nerve damage (14). 
Evidence suggests that peripherally administered 
erythropoietin can pass across the blood-brain 
barrier via special transport mechanisms, which 
might be modulated during cerebral hypoxia (16). 

The related investigations have pointed out that 
erythropoietin improves neurological results after 
traumatic brain injury; therefore, it could be a 
potential candidate to improve secondary brain 
damage in traumatic brain injury (17). Previous 
studies clarified that in patients with acute TBI, the 

administration of an erythropoiesis-stimulating 
factor can significantly improve the survival rate with 
no rise in morbidity (18). Tsai et al. reported that 
erythropoietin therapy enhanced long-term neural 
effects in acute ischemic stroke patients (19). 
Intravenous erythropoietin was well tolerated in 
diffuse axonal injury (DAI) (10) and acute ischemic 
stroke (20); moreover, it was related to an 
improvement in patient outcomes.  

On the other hand, Nirulaet al. indicated that 
erythropoietin did not decrease neuronal cell death 
in comparison with placebo. According to Nichol et 
al., erythropoietin did not change the total number 
of patients with proper recovery or moderate 
disability six months after moderate or severe TBI 
(21). A clinical trial on stroke illustrated no 
beneficiary influence of erythropoietin (greater 
mortality than the placebo-receiving control 
samples) (22). Despite its antiapoptotic effects and 
ability to reduce the inflammatory response, as well 
as its neurotrophic action, erythropoietin is actively 
involved in neuroprotection in various neurological 
trauma types (23). 

Pentoxifylline (PTX) is a methylxanthine derivative 
and a nonspecific type 4 phosphodiesterase blocker 
with extensive clinical applications in the treatment 
of intermittent claudication (24). The neuroprotective 
impacts of PTX were documented among 
experimental models of global and focal cerebral 
ischemia (25). The beneficial effects of PTX are 
associated with modifications in the cell function and 
enhancement of microcirculatory perfusion in 
peripheral and cerebral vascular beds (26). David et 
al. pointed out that Pentoxifylline improves cerebral 
blood flow in patients suffering from cerebrovascular 
disease, irrelevant to "intracerebral steal" (27). 

The neuroprotection of PTX against Subarachnoid 
hemorrhage (SAH)-induced early brain injury (EBI) has 
been recently reported, probably due to the elimination 
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of inflammation and apoptotic neural cell death. The 
present study revealed that PTX lowers EBI after SAH 
by the elimination of brain edema, decreasing BBB 
permeability, and reducing TNF-alpha expression, 
reactive nitrogen metabolites, and apoptosis (9). Bhat 
et al. confirmed the positive impacts of pentoxifylline in 
cases suffering from traumatic brain edema by 
antagonizing malondialdehyde as a product of lipid 
peroxidation (28).  

Several animal studies have pointed to the 
positive influences of vitamin D administration on the 
enhancement of recovery from TBI (29). In vivo 
experimentations denoted that 1,25OH2D3 
administration after an ischemic incident increased 
cell survival (30). In a previous study, Arabi et al. 
reported that vitamin D decreased mortality and 
inflammation among TBI cases (31). Moreover, 
vitamin D administration in TBI patients suffering 
from high vitamin D deficiency during the acute stage 
of the injury managed to increase long-term 
performance and cognitive functions (32). The prior 
administration of exogenous vitamin D could reduce 
infarct development and induce rapid anti-
inflammatory effects in the ischemic and reperfused 
brain (33). 

Vitamin D can increase NR3 expression and 
subsequently activate the CREB transcription factor 
by provoking pro-inflammatory extracellular signal-
regulated kinase (ERK) MAPK pathways, thereby 
improving glutamate-induced cell degradation. The 
CREB expression can stimulate neurogenesis and 
exert a protective effect against glutamate 
excitotoxicity due to its antiapoptotic effects (34). 
Furthermore, vitamin D is involved in protecting 
close junctions of endothelial cells in the BBB through 
numerous pathways via its negative impact on matrix 
metalloproteinase activity. After hypoxia, Vitamin D 
can reduce the expression of MMP-9, thereby 
stimulating BBB impermeability (35). 

 
5.1. Limitations  

The notable limitation of the present study was 
the occurrence of unwanted drug reactions that make 
it impossible for the patient to continue taking the 
drug. 

 

6. Conclusion 

The present research clarified the therapeutic 
effect of a combinational therapy comprising 
erythropoietin, pentoxifylline, and vitamin D in TBI 
patients by reducing inflammation and mortality from 
infection. The clinical results encourage the application 
of a combinational therapy, including erythropoietin, 
pentoxifylline, and vitamin D for TBI patients. 
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