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Abstract

Background: Traumatic Brain Injury (TBI) is the most
common cause of death and disability. Improvement of recov-
ery isachallenging process in cases with varying degrees of
severe brain injury requiring intensive care. Fortunately, a
number of pharmacological interventions show promisein
helping patients cope with these losses and deficits. Medica
tions may be used to support recovery, Examples are Eryth-
ropoietin (EPO) and Antiparkinsonian drugs (Amantadine
Sulphate).

Aim: To compare the efficacy of Amantadine Sulphate
versus Erythropoietin on improvement of traumatic brain
injury outcome.

Material and Methods: This study was carried out on
three equal groups each group consist of 20 patients according
to sample size calculation based on the fact, whether they
received or didn't receive Amantadine Sulphate or Erythro-
poietin in addition to standard therapy.

Group | (Amantadine Group): Patients were received
Amantadine Sulphate in dose of 200mg twice daily intravenous
(1V) at 9:00am and 3:00pm for 1 week, from 3 rd day of
hospitalization then oral Amantadine Sul phate 200mg twice
daily for 3 weeksin addition to standard therapy.

Group Il (Erythropoietin Group): Patients received Eryth-
ropoietin subcutaneously (SC) from 3 "d day of injury 40,000
International Units (1U) once per week for maximum 3 doses
at day 3, 10 and 17 including standard therapy.

Group Il (Control Group): Patients received placebo
(0.9% saline) for 4 weeks (standard therapy only). The fol-
lowing measurements were recorded: Glasgow Coma Scale
(GSC), Disability Rating Scale (DRS), Sedation scale, length
of mechanical ventilation, length of surgical ICU stay, hospital
stay and complications.

Results: In the group of patients with severe brain injuries
treated with standard therapy plus Amantadine Sulphate,
consciousness was better, the case fatality rate was lower and
length of mechanical ventilation, SICU stay and hospital stay
were shorter than in the group treated with standard therapy
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plus Erythropoietin and the group treated with standard therapy
only.

Conclusions: Using of Amantadine Sulphate is better than
using of Erythropoietin for improving neurorecovery on
Traumatic Brain Injury (TBI), also we concluded that Eryth-
ropoietin is a potentialy useful treatment option for TBI but
confirmatory evidenceis required for that and for the ability
of EPO to increase the risk of Venous Thromboembolism
(VTE).

Key Words: Traumatic brain injury — Amantadine Sulphate
— Erythropoietin.

Key Message: Amantadine Sulphate is better than Erythro-
poietin for improving neurorecovery on trau-
matic brain injury (TBI).

Introduction

TRAUMATIC Brain Injury (TBI) isthe most
common cause of death and disability in persons
between 15 and 30 years of age. TBI isthe most
serious and preventable major public health prob-
lem [1] . Improvement of recovery is a challenging
process in cases with varying degrees of severe
brain injury requiring intensive care [2].

Fortunately, a number of pharmacological in-
terventions show promise in helping patients cope
with these losses and deficits. Medications may
be used to support recovery, Examples are Eryth-
ropoietin (EPO) and Antiparkinsonian drugs
(Amantadine Sulphate) [3]. Amantadine Sulphate
is areasonable option for improving cognition and
reducing agitation following a TBI. Amantadine
is one of the most commonly prescribed medica-
tions for patients with prolonged disorders of
consciousness after traumatic brain injury [4].

Preliminary studies have suggested that aman-
tadine may promote functional recovery [5]. As
regard Erythropoietin (EPO), many studies results
confirmed that EPO is endogenous cytokines of
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the central nervous system, and play a neurotrophic
and neuroprotectiverole [g].

EPO has effects, independent of those on eryth-
ropoiesis, which are relevant to patients who have
had a TBI. EPO crosses the blood-brain barrier
and targets multiple mechanisms known to cause
secondary injury after TBI, including anti-
edematous, anti-excitotoxic, antioxidant, anti-
apoptotic activity, anti-inflammatory mechanisms
activity and protective neurological effectsin the
presence of hypoxia and ischemia [7].

Aim and objectives:

The aim of the study isto compare the efficacy
of Amantadine Sulphate versus Erythropoietin on
improvement of traumatic brain injury outcome.

Material and M ethods

After obtaining the Research Ethics Committee
approval and informed written consent was taken
from patient guardians, a prospective randomized
clinical trial was carried out in Tanta University
Hospitals at Surgical Intensive Care Unit (SICU)
for six months between July 2016 to December
2016, 60 patients of (GCS <_8), aged from (18-65
years) of both sex admitted to SICU were enrolled
in the study. Refusal of patient guardians, bleeding
disorders, subjects who had any type of penetrating
head injury, severe pre-existing physical or mental
disability or severe co-morbidity that could interfere
with the assessment of outcome, polytrauma pa-
tients, pregnancy, history of DVT, PE or other
thromboembolic event, prior significant TBI, brain
tumor, cerebral vascular event, or other stable brain
insult and hemodynamically unstable patient were
excluded from the study.

Patients were randomly classified using closed
sealed envelope into three equal groups each group
consist of 20 patients according to sample size
calculation, asfollow: Group | (Amantadine
Group): Patients were received Amantadine Sul-
phate in dose of 200mg twice daily Intravenous
(1V) at 9:00am and 3:00pm for 1 week from 3rd
day of hospitalization, then oral Amantadine Sul-
phate 200mg twice daily for 3 weeksin addition
to standard therapy. Group Il (Erythropoietin
Group): Peatients were received Erythropoietin
Subcutaneously (SC) from 3rd day of injury 40,000
International Units (IU) once per week for maxi-
mum 3 doses at day 3, 10 and 17 in addition to
standard therapy. Group I11 (Control Group): Pa-
tients were received placebo (0.9% saline) for 4
weeks (standard therapy only).

Prior to arrival to the SICU, patients with severe
TBI were usually received, resuscitated and stabi-
lized in Emergency Department or operating room.
Once the severely head-injured patient has been
transferred to the SICU, the management consists
of the provision of high quality general care and
various strategies aimed at maintaining hemostasis
with stabilization of the patient, if still unstable,
prevention of intracranial hypertension, mainte-
nance of an adequate and stable Cerebral Perfusion
Pressure (CPP), Avoidance of systemic, secondary
brain insults (SBI) and optimization of cerebral
hemodynamic and oxygenation.

Monitoring: Monitoring of patients with severe
TBI isessentia for the guidance and optimization
of therapy. The rationale of monitoring is early
detection and diagnosis of secondary brain insults,
both systemic and intracranial. During neurointen-
sive care of patients with severe TBI, general
parameters that are regularly monitored (Routine
ICU monitoring) including el ectrocardiography
(ECG monitoring), arterial oxygen saturation (pulse
oximetry, SpO»), capnography (end-tidal CO 2,
PetCO2), arterial blood pressure (arterial catheter),
Central Venous Pressure (CVP), systemic temper-
ature and urine output. Early tracheostomy done
to patients expected to be ventilated more than 10
days or after failure of extubation trial.

Patients were managed according to our estab-
lished treatment guidelines (our standard treatment
protocol), including treatment of increased intrac-
ranial pressure and other medical treatments, which
did not vary among neurosurgeons. L aboratory:
Routine laboratory investigations, including liver
and kidney functions, CBC, Blood sugar and co-
agulation profile. Radiological Examination: Dop-
pler ultrasound for DVT every 3days during hos-
pital stay.

Measurements: Glasgow Coma Scale (GCS),
(Table 1), Disability Rating Scale (DRS), (Table
2), and sedation scale, (Table 3), were measured
in patients on admissign (1% day of trauma) and
repeated daily during 1~ week, every 3 days during
2nd week then monthly for 5 months, also length
of mechanical ventilation, length of surgical ICU
stay, hospital stay and complications were meas-
ured.

Data were coded and entered using the statistical
package SPSS. Data was summarized using mean,
standard deviation, median, minimum and maxi-
mum.

Comparisons between groups were done using
the non-parametric Mann-Whitney test. Compari-
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son between values measured were done using the
non-parametric Wilcoxon signed rank t For
comparing categorical data, Chi square (X") test
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Table (2): Disability Categories [9].

Total DR score Level of disability

was performed. p-values less than 0.05 were con- (1’ :‘A‘?Ir‘;
. - . ape I
sidered as statistically significant. ,
2-3 Partial
4-6 Moderate
Table (1): Elements of the Glasgow Coma Scale [g]. 711 Moderately severe
Action Response Score 1216 Severe
- 17-21 Extremely severe

Eye opening Spontaneous 4 2204 Vegetative state
To voice 3 .
To pain 2 25-29 Extreme Vegetative state
No 1

Best verbal response Oriented 5 . ;
Confused 4 Table (3): Ramsay Sedation Score (RSS) [10].
Inappropriate words 3 Description Score
Incomprehensive sound 2
None 1 Anxious and agitated, or restless or both 1

Best motor response Obeys 6 Cooperative, oriented and tranquil 2
b\?iﬁdl ze P:Ii? ' 2 Responding to commands only 3

ithdrawal to pain ) . ) )

Flexor posture 3 Brlsk.re@onse to Ilght glabellar tap or loud auleory stl.mul us 4
Extensor posture 2 Sluggish response to light glabellar tap or loud auditory stimulus 5
None 1 No response to stimuli 6
Results to length of SICU stay, Fig. (2), and length of

Regarding the demographic data (age and sex)
there was no significant difference between the
three studied groups (Table 4).

In the current study, the following measurements
Glasgow Coma Scale (GCS) (Table 5), Disahility
Rating Scale (DRS), Fig. (1), and Ramsay Sedation
Scale (RSS), were recorded and the mean values
showed that there was a statistically significant
improvement in Group | compared to Group Il and
I11. Also, the mean values showed insignificant
improvement in Group |1 compared to Group 111.

Regarding length of mechanical ventilation,
there was no statistically significant difference
between the three groups but it was shorter in
Group | compared to Group Il and I11, asregard

hospital stay, (Table 6), the mean values showed
that there were statistically shorter in Group |
compared to Group |1 and I11.

In our study, seizures occurred in 10 % of the
patients (2 patients) in Group | as compared to 5%
of the patients (1 patient) in Group I11. There were
no seizuresin Group 1. There were no significant
differences among three groups, deep vein throm-
bosis occurred in only 1 patient (5% of the patients)
in Group Il. Therewasno DVT in Group | & I111.
There was no pulmonary embolism in the three
studied groups. Asregard mortality rate, 4 patients
died in Group | (20%), 6 patientsin Group Il (30%)
and 7 patients in Group |11 (34%). There were no
significant differences among the three groups,
(Table 7).

30

25

20

15

10

Group |
Group 11
Group 111

Fig. (1): Disahility rating scale in the three groups.
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90 Table (4): Demographic data of patientsin the three groups.
80
70 " Group | Group 1 Group I11 p-
60 Petient data n=20 n=20 n=20 value
% 50
Q 40 Age (years):
28 (Mean £ SD) 32.1+13672 333+12.049 337512083 0.912
10 Gender: M=17 (85%) M=16 (80%) M=18 (90%) 0.6756
0
M: F=3 (15%) F=4 (20%) F=2 (10%
Group | Group 11 Group 111 (M:F) (15%) (20%) (10%)
Fig. (2): Length of SICU (days) in the three groups.
Table (5): Glasgow coma scale in the three groups.
1st week 2nd week Month
D1 D2 D3 D4 D5 D6 D7 Ist3ds 2nd3ds M1 M2 M3 M4 M5
Gl 6.25 6.20 6.20 6.50 6.7+ 6.9 7.15 7.89 8.57 9.44+% 10.5+ 10.93 11.18 11.81
+120 *119 *119 £135 180 201 £2.30 +2.68 +3.11 334 3.24 +3.39 +3.48 +3.41
Gll 5.90 5.80 5.80 5.90 5.84 5.83 5.83 6.64 7.07 7.92+ 8.5+ 8.85% 9.07+ 9.28+
+129 +136 +124 £129 £142 %150 %165 121 +159 243 3.25 3.69 3.89 3.97
Glll 575 5.70 5.70 5.65 55+ 55 5.62 6.14 6.46 7.15+ 8+ 8.38+ 8.69+ 8.84+
+133 £130 134 *142 169 179 *185 191 +1.80 251 3.58 3.90 3.92 4.01
pl 0362 0321 0301 0162 0105 0.067 0.062 0.091 0.077 0.089 0.028* 0.031* 0.047*  0.048*
p2 0237 0216 0227 0069 0051 0051 0.089 0.064 0.063 0.024*  0.003* 0.003* 0.010* 0.009*
p3 0.724 0838 0.775 0568 0615 0876 0.836 0.893 0.909 0.608 0.530 0.530 0.608 0.569

* : Denotes statically significant changes ( p-value <0.05).
p 1: Comparison between Gl & GlI.

Table (6): Length of hospital stay (days) in the three groups.

p2: Comparison between Gl & Gll|I.
p3: Comparison between Gl & GlII.

Table (7): Total number of complication in three groups.

Group | Group 11 Group 111 Complication Group  Group  Group 2 p-
I 1] 1 X value
Mean 54.45 815 73.6
+SD 46.69 62 63.30 Seizures 2(10%) o0 1(5%) 2105 0.3490
P1 0.044* Deep vein thrombosis 0 1(5%) O 2.034 0.3617
P2 0.040* Pulmonary Embolism 0 0 0
P3 0.199 Deaths 4(20%) 6(30%) 7(34%) 1.149 0.5630
Discussion Also, Silver et al., [13], reported afemale 82

Improvement of recovery is achallenging proc-
ess in cases with varying degrees of severe brain
injury requiring intensive care [11].

Both groups, Amantadine group and Erythro-
poietin Group showed improvement in conscious
level guided by comparing the results of GCS,
DRS and RSS at day 1 (baseline) and after five
months and it was found that patients improved
more while being on Amantadine Sulphate. In
agreement with our results, a case report by Zafonte
et al., [12], evaluated the impact of amantadine on
cognition in amale 35y who had been assaulted
to the head with a blunt object. The patient pre-
sented with a GCS score of 3, the patient showed
improvement at a dose of 400mg/day. The patient
was rehabilitated to become independent in his
activities of daily living.

years with improved ability to function after use
of amantadine for TBI. She remained unresponsive
after a motor car accident with a GCS of 6 for 3
days before the use of amantadine. After 6 doses
of amantadine 150mg bid, she could withdraw
from pain, open her eyes spontaneously, and re-
spond to her name. By day 7, shewas alert and
oriented. Also, Sawyer et al., [14], improvements
in arousal and cognition have been observed in
patients with TBI when amantadine has been ini-
tiated 3 daysto 5 months after injury. At doses of
200-400mg/day [14].

Similarly, Nickelset a., [15], describe a patient
who following a TBI suffered frontal lobe dysfunc-
tion and became agitated. Amantadine was initiated
following failure to respond to neuroleptic and
anxiolytic therapy. Improvement was noticed at
doses of 100mg orally twice daily. Also, Saniova
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et a., [16], concluded that 74 patients with severe
heapstl njury (GCS <8) were divided into two groups,
in ~ group amantadine was started 3 days post
traumain 41 patients at a dose of 200mg bid. The
level of consciousness hasimproved in 39, the
averageinitial GCSin this group was 4.74+2.26
and the average outcome GCS of the surviving
patients was 9.76+3.95.

Also, Giacino et d., [17], they concluded that
in the group of patients with severe brain injuries
treated with standard therapy plus Amantadine
Sulphate the outcome GCS was higher and the
case fatality rate lower than in the group treated
with standard therapy alone.

Moreover, Hughes et a., [18], 123 patients with
severe head injury (GCS less than 8) were divided
into two groups, 46% of patients in amantadine
group showed emergence from comawhile only
38% of patientsin placebo group showed emer-
gence.

Additionally, Meythaler et al. [19 conducted a
double-blind, randomized, placebo-controlled,
crossover, pilot trial to assess the use of amantadine
in both early and late phases of TBI. The authors
concluded that amantadine appeared to be effective
inimproving cognition following TBI, independent
of timing of administration.

In contrary to our results, Harun et al. [20]
concluded that Amantadine has no effect on recov-
ery of consciousness; it remains safe, inexpensive
and has few side effects.

In agreement with our results as regard neuro-
protective effect of Erythropoietin, Nirulaet al.
[21]found that Intravenous EPO was well tolerated
in diffuse axonal injury and was associated with
an improvement in patients outcome in 2 weeks.

In accordance with our results, Zhang et al.
[22]found that EPO administration has been found
to improve motor, sensory and cognitive function
in experimental TBI and has also been shown to
reduce lesion size and cell death after injury.

In contrary to our result, Nichol et al., [23] in
alarge RCT, compared with placebo, erythropoietin
did not reduce the proportion of patients with a
poor outcome (death, vegetative state, and severe
disability): 134 (44%) of 302 patients in the eryth-
ropoietin group vs. 132 (45%) of 294 in the placebo
group.

Also, Robertson et al., [24] concluded that in
patients with closed head injury, neither the admin-
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istration of erythropoietin nor maintaining hemo-
globin concentration of greater than 1 Og/dL resulted
in improved neurological outcome at 6 months.
The transfusion threshold of 1 Og/dL was associated
with a higher incidence of adverse events.

In our current study, both groups, Amantadine
group and Erythropoietin group show improvement
in conscious level guided by comparing the results
of DRS at day 1 (baseline) and after five months.
These results are consistent with our results of
Glasgow coma scale.

Thisimprovement is consistent with Giacino
et a., [17], which was a multicenter, randomized
and controlled trial. During the 4-weeks treatment
period, recovery was significantly faster in the
amantadine group than in the placebo group, as
measured by the DRS score (p=0.007), indicating
a benefit with respect to the primary outcome
measure. Also, in agreement with our results, Whyte
et al., [25] ,concluded that Amantadine treatment
significantly associated with improved DRS when
measured week to week.

Only one study Schneider et al., [3] suggests
that no significant difference in rates of improve-
ment for patients receiving placebo versus aman-
tadine.

In the current study, as regard to length of
mechanical ventilation, there was no statistically
significant difference between the three groups (p-
value <0.05), but it was shorter in Group | compared
to Group Il and 111. Asregard to length of SICU
stay and length of hospital stay, the mean values
showed that there were statistically shorter ( p-
value <0.05) in Group | compared to Group Il and
I11. In agreement with our results, Hughes et al.,
[18], included 123 adults with severe Traumatic
Brain Injury (TBI) admitted over a 10-year period
who remained in coma despite becoming medically
stable. Cases received 100-200mg of amantadine
twice daily. Main outcomes and results: 46.4%
(13/28) of cases emerged from coma compared to
37.9% (36/95) of controls (p=0.42).

In agreement with our results, Saniovaet al.

[16] 74 patients with severe head igjury (GCS <8)
were divided into two group, in1  group amanta-
dine was started 3 days post traumain 41 patients
at a dose of 200mg bid, the level of consciousness
has improved in 39, patients after regaining con-
sciousness were transferred to other departments.
Mean hospitalization time of the patients was 8.36
days. In placebo group, there were 33 patients,
mean hospitalization time was 9.36 days.
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In our study, seizures occurred in 10% of the
patients (2 patients) in Group | as compared to 5%
of the patients (1 patient) in Group I11. There were
no seizuresin Group Il. There were no significant
differences among three groups ( p-value <0.05).
In agreement with our results, Nickelset al. [15]
identified 12 patients with heterogeneous brain
injury treated with amantadine. Neurobehavioral
and cognitive status were assessed before, during
and after amantadine therapy. Significant side-
effects were recorded as well. Three patients were
started on amantadine due to agitation in a dose
of 50 to 100mg orally twice daily without any side
effects. The remaining nine patients began aman-
tadine therapy for low-arousal in adose of 200mg
orally twice daily. Eight of these nine patients
showed improvements in cognitive and/or physical
function. Approximately half of the subjects expe-
rienced side-effects possibly related to amantadine.
Side-effects ranged from hypomania (100mg orally
twice daily) to generalized seizures (150 and 200mg
orally twice daily). The exact relationship of these
side-effects to amantadine is unclear.

Deep vein thrombosis occurred in only 1 patient
(5% of the patients) in Group Il. There was no
DVTinGroup | & 1llI.

There was no pulmonary embolism in the three
studied groups.

Many concerns have been raised about the
ability of EPO to increase the risk of VVenous
Thromboembolism (VTE). The United States Food
and Drug Administration recently added a black
box warning regarding this risk on EPO prepara-
tions [23].

In agreement with our results, Robertson et al.,
[24], found that the incidence of thromboembolic
events was examined because a higher overall
incidence was observed with the transfusion thresh-
old of 10g/dL and a higher incidence of upper
extremity Deep Venous Thrombosis (DVT) was
found in the groups treated with erythropoietin.
During the 6 months of follow-up of 200 patients,
25 (12.5%) developed DVT, 4 patients had multiple
thromboembolic events. Pulmonary embolus oc-
curred in none of the patients in the erythropoietin

group.

Asregard mortality rate, 4 patientsdied in
Group | (20%), 6 patientsin Group Il (30%) and
7 patientsin Group 111 (34%). There were no
significant differences among the three groups. In
agreement with our results, Saniovaet ., [16], 74
patients with severe head injury (GCS <8) were
divided into two group, in 1~ group Amantadine

was started 3 days post traumain 41 patients at a
dose of 200mg bid, only two patients died in this
group (6.06%). In placebo group, 17 patients died
(51.51%)).

Also, Laureys et a. [5] concluded that in the
group of patients with severe brain injuries treated
with standard therapy plus amantadine sul phate
the outcome GCS was higher and the case fatality
rate lower than in the group treated with standard
therapy alone.

Conclusions:

We found that in the group of patients with
severe brain injuries treated with standard therapy
plus Amantadine Sulphate, consciousness was
better, the case fatality rate was lower and length
of mechanical ventilation, SICU stay and hospital
stay were shorter than in the group treated with
standard therapy plus Erythropoietin and the group
treated with standard therapy only. We concluded
that using of Amantadine Sulphate is better than
using of Erythropoietin for improving neurorecov-
ery on Traumatic Brain Injury (TBI), also we
concluded that Erythropoietin is a potentially useful
treatment option for TBI but confirmatory evidence
isrequired for that and for the ability of EPO to
increase the risk of Venous Thromboembolism
(VTE).
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