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ARTICLE INFO ABSTRACT
Avrticle history: Background: The improved consciousness level reflects the patient’s recovery
Received 11 December 2022 following acute brain injury. The medications that can regulate neurotransmitter
Revised 03 January 2023 levels, neural synaptic plasticity, and functional connectivity of consciousness
Accepted 17 January 2023 networks might play a crucial role in improving the consciousness status of the
patients. Thus, this study aims to evaluate the effectiveness of amantadine in
Keywords: improving consciousness in acute brain injury patients.
Acute brain injury; Methods: The present quasi-experimental study was performed from 2021 to 2022
Glasgow coma scale; after obtaining the necessary permissions from Zahedan University of Medical
Amantadine; Sciences, Iran. Eighty patients with acute brain injury who met the study inclusion
Impaired consciousness level criteria were recruited and randomized into amantadine and placebo groups. The

amantadine group was given a daily dose of 100 mg amantadine tablets, while the
placebo group received a gavage of amantadine-like placebo tablets twice daily for
14 days. The consciousness level of patients was measured daily until the outcome
(ICU discharge or expiration) was established. Eventually, a comparative data
analysis was conducted to determine amantadine's efficacy in enhancing
consciousness, reducing mechanical ventilation time, and improving patient
outcomes.

Results: The mean GCS score in the amantadine group was 5.5+1.4 on admission
and 11.9+3.7 at the end of the study, compared to 6.6+1.5 on admission and 11.8+3
at the end of the study, for the placebo group (p=0.154 and p=0.211, respectively).
The mean duration of mechanical was 28.87+11.34 days in the amantadine group and
24.13+14.93 days in the placebo group (P=0.329). Twenty-four patients in the
amantadine group were discharged from ICU, and 16 were expired. For the placebo
group, 21 patients were discharged from ICU, while 16 were expired (p=0.221). No
statistically significant difference was found in any of the measured variables
between the two groups.

Conclusion: The results demonstrate that amantadine administration had no
statistically significant impact on improving consciousness status and clinical
outcomes and reducing mechanical ventilation time in acute brain injury patients.
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Introduction

in patients with acute brain injury. Hence,

consciousness restoration is one of the key goals of
care and treatment in these patients and has a huge effect
on deciding the treatment process [1]. Prolonged
impaired consciousness contributes to delayed physical
and cognitive function recovery because consciousness
improvement is the prerequisite of all cognitive and
behavioral functions. Thus, any intervention to elevate
the consciousness level can improve the clinical outcome
of brain injury patients [2]. No effective intervention has
been verified to accelerate the recovery of consciousness
and functional improvement of patients with brain injury.
Neuropharmacological treatments are typically utilized
to promote arousal and behavioral reactions, with the
hypothesis that they can improve injury-induced
disturbances in the dopaminergic and noradrenergic
neurotransmitter systems [3]. In recent years, scant
studies have highlighted the role of dopaminergic
neurotransmitters in improving consciousness levels and
regulation of sleep and wakefulness cycles. However, the
underlying molecular mechanisms of these processes are
yet to be fully understood [4-6]. Amantadine is a
pharmacological agent that can lead to analgesic effects,
consciousness improvement, functional regulation of the
brain’s dopaminergic system, and control of motor
impairments by increasing brain dopamine levels,
particularly in cerebral cortex regions [5, 7-8].

In a study by Hintze et al., amantadine administration
did not improve the consciousness level of patients with
traumatic brain injury, and further studies were suggested
to verify its effects [9]. Conversely, in the study by
Giacino et al., patients with traumatic brain injury
experienced a significant improvement in consciousness
level after receiving a daily dose of 100 mg amantadine
for four weeks [3]. In another study by Rihl et al.,
amantadine treatment improved consciousness in non-
traumatic brain injury patients. However, the incidence
rate of seizures raised significantly in the group under
amantadine treatment. Thus, the authors suggested
further research to prove the effectiveness of amantadine
in enhancing the consciousness level and determine its
adverse effects [10]. Given the inconsistencies in
previous studies and suggestions for further studies to
verify the beneficial effects of amantadine on improving
the consciousness level, the present study aims to
evaluate the effectiveness of amantadine in improving the
consciousness of acute brain injury patients.

I mpaired consciousness is one of the main symptoms

Methods

After obtaining the necessary permissions and the
ethical code of IR.ZAUMS.REC.1400.277 from Zahedan

University of Medical Sciences, the present quasi-
experimental study was performed in its affiliated
hospitals between 2021 and 2022. Following previous
studies [5] and based on the formulation for the sample
size calculation, the sample size of 80 was estimated,
considering a type-I error of 0.05 and a power of 80
percent. Based on the study inclusion criteria, 80 patients
with acutely impaired consciousness levels were
recruited using convenience sampling immediately after
admission to the intensive care unit (ICU). The patients
were randomly assigned into two amantadine and
placebo groups, each of 40 patients. For randomization,
given the sample size, eight blocks of 10 cards in either
red or blue colors were prepared and placed inside a dark
box. After the inclusion of the first patient in the study,
one card was taken from the first block. If the card were
red, it would be assigned to the amantadine group.
Otherwise, it was grouped as a placebo. As sampling
continued, the cards were taken from blocks 1 to 8,
respectively, until each study group was assigned 40
patients.

The inclusion criteria of the study were patients with
acute brain injury who were above 18 years old and had
Glasgow Coma Scale (GCS) <8.

The exclusion criteria included patients with
Parkinson's disease, patients with neuropsychiatric
disorders, patients under treatment with drugs associated
with the brain dopaminergic system (amantadine,
Levodopa, Carbidopa, antipsychotics, Bromocriptine,
Cabergoline, among others), pregnancy, patients with
seizure, abdominal surgery and restrictions for drug
gavage, penetrating brain injuries and patient’s death
before study completion.

After grouping the patients, their initial consciousness
level and demographic information were recorded. The
amantadine group received a daily dose of 100 mg
amantadine  tablet  (manufactured by  Raha
Pharmaceutical Co., Iran). Placebo tablets identical to
amantadine tablets in shape and size were made of starch
paste and rice flour and were given by gavage to the
placebo group twice daily for 14 days. One researcher
prepared the solutions for gavage by dissolving either
amantadine or placebo. Prepared solutions were
administered to the patients via gavage by a nurse blinded
to the drug type and grouping of the patients. The same
nurse measured the consciousness level of patients once
a day, two hours after sedation cessation. On day 14, the
amantadine and placebo administration was terminated.
However, the evaluation of patients continued until their
end outcome was established (recovery and ICU
discharge or death). Finally, data were analyzed to
discern the effect of amantadine on the patients’
consciousness level and outcomes.

Statistical analysis

Collected data were analyzed using SPSS software
version 27. The demographic variables of patients were
compared using descriptive statistics (frequency, mean,
and standard deviation). Given that checking data
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normality using the Smirnov-Kolmogorov test yielded
insignificant results, parametric statistical tests were
chosen for data comparison. An independent statistical t-
test was applied to compare the two groups regarding
mean age, consciousness level scores, mechanical
ventilation duration, and length of ICU stay. The gender
and outcome comparison of the patients was performed
using Chi-square.

Ethical considerations

Before entering the study, the first-degree family
members of all patients had been given detailed
explanations regarding the study objectives and
information confidentiality. Additionally, they were
asked to sign informed written consent forms if willing to
involve their patients in the study. The data collection
form was designed not to include items such as first name
and last name in the demographic information section to
ensure anonymity. The research plan of this article was
approved by the ethics committee of Zahedan University
of Medical Sciences under the ethical code of
IR.ZAUMS.REC.1400.227. During the course of the
study, official correspondence and  necessary
coordination ~ was  established  with  hospital
administrators. All permissions received from the Deputy
of Research at Zahedan University were shared with the
hospital officials and patients' families to assure them of
the procedure’s legitimacy and validity.

Results

Of the total of 80 patients examined, 53 (66.25%)
patients suffered an acute brain injury and reduced
consciousness level due to brain trauma, 18 (22.5%) due
to brain ischemia, and 9 (11.25%) due to brain
hemorrhage. The amantadine group included 26 (65%)
patients with brain trauma, 10 (25%) with ischemia, and
4 (10%) with a brain hemorrhage, while the placebo
group had 27 (67.5%) patients with brain trauma, 8 (20%)
with ischemia and 5 (12.5%) with a brain hemorrhage. A
comparison of patients regarding the cause of acute brain
injury revealed no statistically significant difference
between the two groups (p=0.310). The mean age of
patients was 37.15+9.4 years. 57 (71.3%) patients were
male, and 23 (28.8%) were female. The mean age of
patients was 37.1+16.7 years in the amantadine group

compared to 38.6+16.2 years in the placebo group
(p=0.670). There were 28 (70%) men and 12 (30%)
women in the amantadine group and 29 (42.15%) men
and 11 (27.5%) women in the placebo group. No
significant difference was noticed between the two
groups regarding age and gender.

The mean GCS score in the amantadine group was
5.5£1.4 on admission and 11.9+3.7 at the end of the
study. The same score was obtained as 6.6+1.5 and
11.8+3 on admission and after 14 days in the placebo
group. The difference between admission and final GCS
scores of patients was 6.4+3.9 in the amantadine group
and 5.2+2.8 in the placebo group. The independent t-test
found no significant difference in any of the variables
between the two groups (Table 1).

The mean difference of GCS score in traumatic,
ischemic, and hemorrhagic patients was 7.1+3.1, 5.7+4.3,
and 5.3+3.2, respectively, in the amantadine group and
5.248.4,5.1+3.7 and 4.1+2.0, respectively, in the placebo
group. Additionally, an independent t-test analysis
provided no significant difference between the groups
(p=0.098, p=0.594, and p=0.682, respectively) (Table 2).

The mean duration of mechanical ventilation was
28.87+11.34 days in the amantadine group and
24.13+14.93 days in the placebo group. The independent
t-test displayed no statistically significant difference in
ventilation duration between the two groups (p=0.329).
The mean hospitalization duration was 35.75+17.38 and
33.96+18.29 days in the amantadine and placebo groups,
respectively. Based on the independent t-test results, no
significant difference was observed between the two
groups regarding the hospital stay duration (p=0.123). Of
40 patients in the amantadine group, 24 were discharged
from ICU, and 16 were expired. The number of
discharged and expired patients in the placebo group was
21 and 16, respectively. The chi-square results
established no statistically significant difference in the
final clinical outcome of acute brain injury patients
between the two groups (p=0.88). The mean GCS score
on admission was 5.84+1.01 in discharged patients and
6.11+1.98 in expired patients. Given the t-test results, the
difference in GCS scores between discharged and expired
patients was statistically insignificant (p=0.221).
However, despite the lower mean GCS scores on
admission in  discharged patients, the initial
consciousness score was not a determinant of the end
outcome in these patients.

Table 1- A comparison of the mean and standard deviation of admission and final GCS scores of patients between

the two groups.

. Group
Variable Amantadine Placebo P value
Mean GCS score on admission 5.5+1.4 6.6+1.5 0.154
Mean final GCS score 11.943.7 11.8+3 0.211
The mean difference between admission and final GCS scores 6.4+3.9 5.2+2.8 0.130
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Table 2- A comparison of differences in consciousness level score of patients based on the causative mechanism of

acute brain injury.

. Group

Variable Amantadine Placebo Pvalue
The mean difference in GCS score in traumatic patients 7.3x1.1 8.415.2 0.098
The mean difference in GCS score in ischemic patients 5.4+7.3 5.1+3.7 0.594
The mean difference in GCS score in hemorrhagic patients 3.56+2.3 2.4+0.1 0.682

Discussion

The study results suggest that amantadine
administration has no impact on consciousness
improvement, mechanical ventilation time reduction, and
end outcomes of patients with acute brain injury.
Contrary to the results of this study, Ruhl et al.
demonstrated that amantadine treatment improved the
consciousness level in patients with non-traumatic brain
injury. However, their reported result is not reliable per
se because they measured the consciousness level of
patients only on days 5 and 10 after giving amantadine
and placebo, which is insufficient to make conclusions on
the effectiveness of this medication for restoring the
consciousness level of patients. In addition, changes
related to the course of the disease may result in altered
consciousness in patients. In contrast to the Ruhl et al.
study, the patients in the present study were evaluated
until the end outcome was determined. Our results
indicated the trivial effect of amantadine in improving
patients' level of consciousness and end outcomes [10].
Inconsistent with these results, some previous studies
have reported that amantadine can lead to neural
excitation and consciousness improvement by increasing
brain metabolism in the frontoparietal network [11-13].
Although most patients in our study had traumatic brain
injuries, we failed to notice any tangible improvement in
patients' consciousness after amantadine administration
compared to the placebo group. Results from the present
study contrasted with those of Meythaler et al., who
suggested that daily administration of 200 mg
amantadine in traumatic brain injury (TBI) patients with
diffuse axonal injury (DAI) improved patients’
consciousness state, mental status, function, and
outcome. However, the two studies differed in treatment
duration. In our study, patients received amantadine
treatment only for 14 days, while in the mentioned study,
the patients underwent crossover treatment with
amantadine and placebo for a 12-week period which can
justify the discrepancy in results [14].

Consistent with the findings of this study, Schneider et
al. treated ten brain injury patients in the rehabilitation
phase with amantadine and placebo in a crossover
manner following a washout period for two weeks. They
then assessed the neuropsychological outcomes of
patients, including orientation, attention, executive
function, memory, and behavior. The authors concluded

that despite the general improvement in patients,
amantadine did not affect functional and cognitive
improvement in patients compared to placebo [15]. One
study confirmed that although the administration of 100
mg amantadine twice daily can slightly improve the
neuropsychological status of people, sufficient evidence
is lacking to verify the efficacy of this agent in reducing
cerebral irritability [16]. Another study highlighted that
despite a slight improvement in the consciousness state
of traumatic brain injury patients after amantadine
treatment, the administration of this medication could not
improve the coma status in these patients [2].

Despite its advances, modern science fails to provide
definitive treatment for disorders of consciousness,
including the coma state, vegetative state, and minimally
conscious state. Structural or functional brain injuries
impair neural circuits (ascending reticular activating
system and thalamocortical loops) responsible for
preserving the wakefulness state and awareness and lead
to alterations in the concentration of neurotransmitters. It
is hypothesized that pharmacological agents that can
regulate the neurotransmitter levels and, consequently,
the neural synaptic plasticity and functional connectivity
of consciousness networks might play a significant role
as beneficial drugs in improving the consciousness state.
Thus, studying the effectiveness of pharmacological
agents acting on the gamma amino butyric acid (GABA)
and dopaminergic systems in improving the patients’
consciousness has grabbed the attention of researchers
[17]. GABA inhibitors can control the high levels of
glutamate, which cause excessive stimulation of brain
receptors and induce a cascade of stimulatory
mechanisms leading to apoptosis of brain cells due to
intracellular invasion of calcium [18-19].

Moreover, structural or functional brain injury leads to
deranged levels of acetylcholine and monoamines, such
as dopamine, norepinephrine, and serotonin, which
regulate the awareness and wakefulness states in the brain
[17-18]. Dopamine plays a major role in regulating the
wakefulness state, behavior, mood, language, cognition,
and motor control [20]. Acute brain injury disrupts
dopamine transmission, particularly via D2 receptors.
Thus, the inhibition of dopaminergic transmission may be
accompanied by neural dysfunction [21-22]. At the
presynaptic level, amantadine acts by inhibiting the
uptake of dopamine, and at the post-synaptic level by
increasing the number of dopamine receptors and
changing their structure [23-24]. Although some studies
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have underlined the effectiveness of amantadine in
patients in a vegetative state and minimally conscious
state [25-26], these findings have failed to provide
sufficient scientific justification for the general
application of this drug in treating patients with reduced
consciousness levels [17].

Conclusion

Amantadine administration displayed no significant
impact on consciousness improvement, mechanical
ventilation time reduction, and outcomes in acute brain
injury patients. Thus, the regular application of this drug
in the ICU setting to enhance the consciousness level of
patients is not recommended. Further clinical trials with
large sample sizes are suggested to verify the positive
effects of this drug.
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