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Abstract

Aim: The aim of this study is to provide information on patient-specific and clinical data relating to patients treated with amantadine in the
intensive care unit, including changes in the Glasgow Coma Scale (GCS) score, patient demographics, length of stay in the Intensive Care Unit
(ICU), duration of mechanical ventilation, drug dosage and route of administration.

’

Methods: Patients over 18 who received amantadine treatment from January 2014 to December 2019 were included in the study. Patients
age, gender, diagnosis at hospitalization, comorbidities, history of cardiopulmonary resuscitation(CPR), history of head trauma, duration
of mechanical ventilation, overall condition at the end of the treatment in the ICU, GCS score at admission and discharge, route of drug
administration, and total drug dose were recorded retrospectively.

Results: Of the 91 patients included in the study, 39 had a history of head trauma, and 25 had a history of cardiopulmonary resuscitation. 46
patients died. 43 were relocated to a level 2 ICU or award. The chosen route of administration was intravenous (1.V.) in 60.4% of the patients.
The average difference between the GCS scores at admission and discharge in all patients showed an increase, but it was not statistically
significant. The GCS score seemed to show a statistically significant increase in the head trauma subgroup.

Conclusion: We believe that amantadine can accelerate neurological recovery in unconscious intensive care patients, especially those with
traumatic brain injury.
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Introduction

Amantadine, an N-methyl D-aspartate (NMDA) receptor antagonist,
is an antiviral agent with dopaminergic effects. Another area of
use for amantadine is related to improving neurological recovery in
patients with traumatic brain injury.' It is believed that amantadine
stimulates and contributes to the recovery of the nervous system
with its dopaminergic effect and prevents apoptosis by inhibiting
the passage of calcium into the cell with its NMDA receptor
antagonist effect.? Cell culture studies have shown that amantadine
increases the production of glial cell-derived neurotrophic factors
(GDNF), thereby inhibiting neuroinflammation. Since reducing
neuroinflammation can correct cognitive functions, researchers
believe that amantadine can be used in postoperative cognitive
dysfunction (POCD).?

Some publications found in the literature review report that the use
of amantadine in various disorders of consciousness accelerates
and contributes to neurological recovery.* This study examined
patients treated with amantadine due to impaired consciousness
in our anesthesia Intensive Care Unit (ICU). It aimed to reveal
the effect of the drug on the prognosis, most effective duration,
dosage, and route of administration in achieving the optimal effect.

Materials and Methods

Amantadine-treated patients hospitalized in the Anesthesia ICU
of Izmir Katip Celebi University Ataturk Training and Research
Hospital between January 1, 2014, and December 1, 2019, were
retrospectively screened. Ninety-one patients over 18 years of
age were recruited for the thesis study. The study was designed
as a retrospective, comparative, and descriptive case series.
The gender, age, and comorbidities of the patients were noted.
Diagnoses at admission into the ICU were recorded. Regardless of
patients’ diagnoses at admission, their history of cardiopulmonary
resuscitation (CPR) before admission to the ICU and history of head
trauma were checked, resulting in subgroups. All patients’ Glasgow
Coma Scale (GCS) score at the time of admission (GCS on arrival),
GCS score at the end of the ICU treatment (GCS on exit), condition
at the end of the ICU treatment (dead, transferred to a ward or a
level 2 ICU, discharged) were analyzed. Various parameters were
investigated, including the total length of stay in intensive care
(days), duration of mechanical ventilation during intensive care
monitoring (days), route of administration of amantadine (l.V,
tablet, |.V.+tablet), the day the drug was started after admission
(start time), total dose, and duration of administration (days).
GCS difference (= GCS on arrival - GKS on exit) was calculated
collectively for all patients before subgrouping and then separately
for the two subgroups to reveal any significant change in GCS
scores for all patients. All variables were evaluated with descriptive
statistics. GCS changes were compared. All subjects were grouped
as ‘increased GCS’, ‘decreased GCS’, and ‘unchanged GCS’
according to the changes in their GCS scores. The groups were
compared in terms of length of mechanical ventilation and length
of stay in intensive care.

Ethical Approval

This study was approved by the Ethics Committee of izmir Katip
Celebi University Atatlrk Training and Research Hospital (Date:
09.01.2020, Decision No: 06).

Statistical Analysis

Descriptive statistics and frequency analyses (n,%) were performed
for average + standard deviation or median (range) values for all
variables. The assumption of normality and homogeneity for the
Glasgow Coma Scale scores on arrival and on exit was evaluated.

Variables that were not distributed according to this assumption
were subjected to the Wilcoxon signed-rank test separately in all
patient groups, the head trauma subgroup and the CPR subgroup.
The subjects were examined in three groups: increased, decreased,
and unchanged GCS group according to changes in the GCS score.
The Kruskall-Wallis test was applied for these non-normally and
non-homogeneously distributed groups. Post hoc analysis was
performed with the Tamhane test. Statistical significance was
set at p<0.05. Statistical analysis was performed with SPSS 22.0
Edition software (Chicago, Ill).

Reporting Guidelines
This study was prepared in accordance with the STROBE guideline.

Results

Descriptive statistical analysis was performed for all subjects. The
mean age of the patients was 55 + 21.29 (31.9%) were female and
62 (68.1%) were male.

Twenty-four patients had been hospitalized for motor vehicle
accidents, and 15 patients had a diagnosis of fall. 6 patients had
been followed up for myocardial infarction, and 8 patients had been
followed up for a history of non-traumatic cerebrovascular accidents
(CVA). 10 patients had been hospitalized for postoperative impaired
consciousness. There were 4 patients diagnosed with pneumonia
and generalized disorder. There were 2 patients for each aspiration,
delirium tremens, and pulmonary edema. Three patients had been
followed up for sepsis and acute renal failure. There was 1 patient
follow-up for each of the following diagnoses: larynx cancer,
anaphylaxis, eclampsia, electrolyte disorder, respiratory failure,
disseminated intravascular coagulation, neuroleptic malignancy
syndrome, and decompensated heart failure. 46 (50.5%) patients
had at least one comorbidity, with hypertension (35%) and diabetes
mellitus (23%) being the most common.

39 (42.9%) of the patients hospitalized in the ICU who were
given amantadine had a history of head trauma. 25 (27.5%) of
the amantadine-treated patients had received cardiopulmonary
resuscitation before admission to the ICU. 41 (45.1%) of the
patients treated with amantadine had an increase in their GCS
score, while 34 (37.4%) had a decrease, and 16 (17.5%) patients
did not have any change in their GCS score.

The mean GCS for all patients at admission to the ICU was 6.94
+ 3,58, the mean GCS at the end of the ICU treatment was 7.89
+ 5.09, and the mean GCS change was 0.94 + 5.41. The median
length of stay in the anesthesiology ICU was 36 (range 4-689)
days. The median duration of mechanical ventilation for the
patients when in the ICU was 29 (range 0-601) days. 2 (2.2%) of
the treated patients were discharged home, 43

(47.3%) were transferred to a level 2 ICU or award, and 46
(50.5%) died. The mean duration of amantadine treatment
in all cases was 8.6 + 7.8 days. The median day when the drug
had been started was day 8 (range 1-192).The preferred route
of administration was LV. in 55 (60.4%), tablet form in 5 (5.5%),
and combined (tablet+l.V.) in 31 (34.1%). The average total dose
of the administered amantadine was 2850 + 2254 milligrams.
Descriptive data are summarized in Table 1 (Table 1). The patients
were divided into three groups according to the change in their
GCS scores: the GCS score increased in 41 patients, decreased in
34 patients, and remained the same in 16 patients. The average
duration of mechanical ventilation was 44.5 + 71, 96.7 + 120,
and 29.5 + 38 days, respectively, and the mean length of stay in
the ICU was 76.9 + 99, 101.7 + 132, 32.2 + 39 days, respectively.
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There was a statistical difference among these three groups in
terms of duration of mechanical ventilation and length of stay
in the ICU (p=0.001, p=0.001, respectively). Post-hoc analyses
showed no statistically significant difference between the group
with increased GCS score and the one with decreased GCS score
in terms of duration of mechanical ventilation and length of stay
in the ICU (p=0.089, p=0.752, respectively). The length of stay in

Table 1. Descriptive data of all cases treated with amantadine

Caracteristic VEEDLI

Average Age,y 55+ 21
Gender n (%)

Female 29 (31.9)
Male 62 (68.1)
Comorbidity n (%)

Yes 46 (50.5)
No 45 (49.5)
Head Trauma n (%)

Yes 39 (42.9)
No 52 (57.1)
History of CPR n (%)

Yes 25(27.5)
No 66 (72.5)
Average GCS (mean * SD)

GCS on arrival 6.94 + 3.58
GCS on exit 7.89 £ 5.09
GCS change 0.94 + 541
Length of stay in the ICU, median (range), d 36 (4-689)
Duration of mechanical ventilation, median 29 (0-601)
(range), d

Preferred route of administration n (%)

\Y; 55 (60.4)
Oral tablet 5(5.5)
IV+oral tablet 31 (34.1)
Duration of amantadine treatment

(mean + SD), d y dom 78
Average total dose, mg 2850 + 2254
Post Treatment Result n (%)

Discharged home 2(2.2)
Transferred to a level 2 ICU or a ward 43 (47.3)
Died 46 (50.5)

Table 2. Post hoc analysis of mechanical ventilation and length of
stay in intensive care unit according to GCS changes

Group Under group P
(mean + SD) (mean + SD) value
Decreased GCS 089
- _ T Increased GCS (96.7 £ 120) )
° 8 < (445 + 71) Unchanged GCS 669
S 5 = (29.5 £ 38) )
® J‘:j = Increased GCS 089
aE é Decreased GCS (445 + 71) :
(96.7 £ 120) Unchanged GCS 015
(29.5 £ 38) )
- Decreased GCS 752
I Increased GCS (101.7 £ 132) )
RS (76.9 = 99) Unchanged GCS
w3 (32.2 + 39) 107
£ Increased GCS 752
D= Decreased GCS (76.9 + 99)
9 (101.7 + 132) Unchanged GCS 02
(32.2 + 39) :

the ICU was significantly lower in the group with unchanged GCS
scores as compared to the groups with increased or decreased GCS
scores. The duration of mechanical ventilation was significantly
lower in the group with unchanged GCS scores as compared to the
group with decreased GCS scores. Post-hoc analyses are detailed
in Table 2 (Table 2).

There were 39 patients in the head trauma subgroup. Their mean
age was 63 + 17; 10 (31.9%) of them were female and 29 (68.1%)
were male. 8 (20.5%) of the patients in this group had at least one
comorbidity.

For this subgroup, the average GCS score at admission to the ICU,
GCS on exit, and GCS variation were 6.46 + 3.14,9.97 + 472, and
3.51 + 5.43, respectively.

The patients’ median length of stay in the anesthesia ICU and
duration of mechanical ventilation were 28 days (range 5-378) and
18 days (range 0-278), respectively.

The route of administration of amantadine was .V, tablet, and
combined (L.V.+tablet) form in 23 (29%), 2 (5.1%), and 14 (35.9%)
patients, respectively.

In the head trauma group, the average duration of use and the
total dose of amantadine were 10 + 9 days and 3333 + 2544 mg,
respectively. The median day when the drug had been started was
day 6 (range 1-40).

Of these cases, 1 (2.6%) was discharged home, 27 (69.2%) were
transferred to a level 2 ICU or a ward, while 11 (28.2%) died.
Descriptive data are summarized in Table 3 (Table 3). In the

Table 3. Descriptive data of cases treated with amantadine for head
trauma

Caracteristic \ELELI

Average Age,y 6317
Gender n (%)

Female 10 (26)
Male 29 (74)
Comorbidity n (%)

Yes 8 (20.5)
No 31 (79.5)
History of CPR n (%)

Yes 4(10.3)
No 35 (89.7)
Average GCS (mean + SD)

GCS on arrival 6.46 £ 3.14
GCS on exit 9.97 £4.72
GCS change 3.51 +5.43
Length of stay in the ICU, median 28 (5-378)
(range), d

Duration of mechanical ventilation, medi- 18 (0-278)
an (range), d

Preferred route of administration

\% 23 (59)
Oral tablet 2 (5.1)
IV+oral tablet 14 (35.9)
Duration of amantadine treatmen 10+ 9
(mean = SD), d

Average total dose, mg 3333 + 2544
Post Treatment Result n (%)

Discharged home 1(2.6)
Transferred to a level 2 ICU or a ward 27 (69.2)
Died 11 (28.2)
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subgroup of patients followed after CPR, the mean age was 55 +
18; 8 (32%) of the subjects were female, and 17 (68%) were male.
There was at least one comorbidity in 13 (52%) patients.

For this subgroup, the average GCS at admission to the ICU, GCS
on exit, and GCS variation were 5.88 + 3.59, 6.84 + 4.70, and 0.96
+ 4.91, respectively.

The patients’ median length of stay in the anesthesia ICU and
duration of mechanical ventilation were 78 days (8-689) and 63
days (4-601), respectively.

The route of administration of amantadine was LV. in 12 (48%)
patients and combined (l.V.+tablet) form in 13 (52%) patients. In
the post-CPR group, the average duration of use and the total dose
of amantadine were 10 + 8 days and 3096 + 2495 mg, respectively.
The median day when the drug had been started was day 12 (range
2-97).

Of these cases, 1 (4%) was discharged home, 10 (40%) were
transferred to a level 2 ICU or a ward, while 14 (56%) died. Taken
together, there was no statistically significant increase in GCS
scores in patients treated with amantadine (without subgrouping)
(p=0.089).

The subgroup analysis examining the difference between the GCS
on arrival and GCS on exit in patients admitted to the anesthesia
ICU for head trauma showed a statistically significant increase
in the GCS score (p=0.001). The subgroup analysis examining the
difference between the GCS on arrival and GCS on exit in patients
admitted to the anesthesiology ICU post-CPR found no statistically
significant increase in the GCS score (p=0.275).

Discussion

When all study patients were considered together, amantadine
treatment was seen to cause an increase in the GCS score, but
this was not statistically significant. In the subgroup of patients
with impaired consciousness caused by head trauma, amantadine
treatment was found to result in a statistically significant
improvement in the GCS score. Neurological recovery in head
trauma patients was consistent with prior studies."**®

One study by Ghate et al. examined 50 patients with traumatic
brain injury who were treated with amantadine. In this study, all
patients were evaluated before and after treatment with a Full
Outline of UnResponsiveness Score (FOUR), Glasgow Outcome
Scale (GOS), and Disability Rating Scale (DRS). They reported an
improvement in patients’ neurological evaluation scores. In a
study by Meythaler et al., patients with traumatic brain injury were
divided into placebo and control groups and were treated with
amantadine at different times. The results of their study found
an improvement in DRS, GOS, and Mini-Mental State Examination
(MMSE) scores at those times when patients were actively taking
amantadine.’

In a study that first reported neurostimulant use in post-CPR care,
neurostimulants were used in addition to therapeutic hypothermia.
Patients who received neurostimulants were compared with the
therapeutic hypothermia group that did not take neurostimulants
and were found to have a higher chance of discharge and tended
to recover better.’”® Our study detected an increase in the GCS
score after treatment with amantadine, but the increase was not
statistically significant.

In another study, patients with CVA were given amantadine, and
after three months, the treatment group was compared with the
control group by using the National Institutes of Health Stroke
Scale (NIHSS), Modified Rankin Scale (MRS), and Barthel Index

for Activities of Daily Living. The comparison showed better
neurological recovery in the group treated with amantadine.'
In our study, there were eight patients followed up for CVA of
non-traumatic origin. Only 2 had an increase in their GCS score.
Amantadine has been shown to be useful in improving POCD in
animals.® In a controlled study of 344 rats by Hongyin Tan et al.,
amantadine was shown to reduce postoperative inflammation.
This study is the first to show the possible therapeutic effect of
amantadine on POCD.? In our study, there were 11 patients who
were followed up in intensive care postoperatively and who were
considered good candidates for amantadine treatment. Of these
11 patients, seven died, and in the remaining four patients, the
GCS score on exit increased by an average of 5 points compared to
the GCS score on arrival. We are of the opinion that in this patient
group, neurological recovery is promising, but the results should be
further supported by studies on a larger number of patients.

To date, no effective drugs have been found for the treatment and
prophylaxis in the current COVID-19 pandemic. However, scientists
are investigating the effectiveness or preventiveness of the known
drugs used to treat other diseases against COVID-19. Recently,
it has been reported that severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) severely infects the brain stem in
animals and humans and may cause not only respiratory but also
neurological symptoms."" A study has been conducted based on
a survey to assess whether amantadine and memantine would
show protective antiviral efficacy against COVID-19 in individuals
with neurological diseases. This study examined ten patients with
multiple sclerosis and five patients with Parkinson’s disease using
amantadine, as well as seven patients with cognitive impairment
using memantine, all with COVID-19 viral infection confirmed by
the polymerase chain reaction (PCR) test. Patients were followed
up during and at the end of the 2-week self-isolation and were
found to have no symptoms of the viral infection, with also no
progression in their primary neurological diseases.

Each clinic has different experiences with the use and dose
of amantadine. Although there is no clear data on dosage in
the literature, our experience suggests that using 200 mg LV.
amantadine b.i.d. for five days, followed by 100 mg tablets b.i.d.
for ten days, was the optimal time and dose for our clinic.

Limitations

Our study has some limitations in that it was retrospective and
had an insufficient number of patients for forming different
groups. Moreover, the GCS scores evaluated in our study were the
GCS scores evaluated before admission into the ICU and before
exit, regardless of the days when amantadine was started and
discontinued. Studies using different scoring systems and different
neurological evaluation methods could provide more detailed and
effective results in the evaluation of neurological recovery and,
thus, better clarify the effect of amantadine.

Conclusion

Post-CPR patients and patients with CVA, as well as intensive care
patients in whom organic causes have been ruled out but who
have not regained consciousness, and patients with postoperative
disorders of consciousness, maybe the next group targeted by
researchers for the use of amantadine. Prospective, randomized,
controlled, and larger-scale studies are needed to better identify
patient groups for amantadine treatment, to observe potential side
effects, and to determine the optimal dose and duration of use of
amantadine.

The unique aspect of our study is that it was not limited to one
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single group of patients with the same diagnosis, such as patients
with a history of traumatic brain injury; instead, it covered patients
who were followed up in the ICU with different diagnoses and who
did not regain consciousness.

We believe that treatment with amantadine contributes to
neurological recovery, especially in patients with traumatic brain
injury. We could not find another study in the literature that
collectively evaluated patients who were treated with amantadine
for impaired consciousness in the ICU without distinguishing
between the reasons for their hospitalization. This is what makes
our study the first of its kind.
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Abbreviations

CPR: Cardiopulmonary resuscitation

CVA: Cerebrovascular accident

GCS: Glasgow coma scale

ICU: Intensive care unit

L.V Intravenous

NMDA: N-methyl-d-aspartate

POCD: Postoperative cognitive dysfunction
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