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Amag: Travmatik Beyin Hasar1 (TBH), 6nemli bir sosyoe-
konomik ve halk sagligi sorunudur. Amantadin siilfat
noroprotektif olarak kullanilan bir ilagtir. Bu ¢alismada,
amantadin infiizyon tedavisinin, ciddi kafa travmasi olan
hastalarda bilincin geri donmesine pozitif etkisini aragtir-
may1 amagladik.

Materyal ve Metot: TBH olan hastalar, amantadin
inflizyonu kullanma durumarina goére iki gruba ayrildi.
Grup 1 (n=40): amantadin inflizyonu kullanan grup ve
Grup II (n=40): amantadin inflizyonu kullanmayan grup.
Hastalarin yaglari, cinsiyetleri, Glasgow Koma Skalasi
(GKS), egitim seviyeleri, yogun bakim iinitesine geldigin-
de entiibe olup olmadiklari, bilincin geri doniis zamani,
taburculuk zamani ve BT veya MR sonuglar1 ve Coma
Recovery Scale—Revised (CRS-R) skoru retrospektif olarak
kaydedildi.

Bulgular: Bilincin geri doniis zamant Grup I de istatistik-
sel olarak belirgin olarak daha kisaydi. Hastalarin egitim
diizeyleri arasinda istatistiksel olarak anlamli bir fark sap-
tanmad1. Grup I de hastalarin yogun bakima kabulii sirasin-
da GKS daha diisiiktii. Fonksiyonel nesne kullanimi ve
uzun donemli dikkat Grup I de CRS-R’ye gore daha yiik-
sekti.

Sonug¢: Bu ¢aligmaya gore, amantadin inflizyonu nérolojik
iyilesmeyi ve norokognitif fonksiyonlar: olumlu yoénde
etkilemektedir.

Anahtar Kelimeler: Amantadin inflizyonu, beyin, hasar,
travmatik

ABSTRACT

Objective: Traumatic brain injury (TBI) is a significant
socioeconomic and public health problem. Amantadine
sulfate has been used as a neuroprotective drug. In this
study, We aim that amantadine infusion treatment effects
positively in patients with a severe head injury on con-
scious recovery.

Materials and Methods: Patients with TBI were classified
into two groups: Patients that used amantadine infusion
group was Group I (n=40) and patients that not used aman-
tadine infusion group was Group group II (n=40). Age,
gender, Glasgow Coma Scale (GCS), education level, intu-
bated or non-intubated when he/she come to Intensive Care
Unit (ICU), the recovery time of conscious, discharge time,
recovery of CT or MR scan and Coma Recovery Scale-
Revised (CRS-R) were retrospectively recorded.

Results: Time to recovery in consciousness was statisti-
cally significant shorter in group I. There were no statisti-
cally significant differences between the educational status
of patients. The GCS of patients, when admitted to ICU,
was lower in group . Functional object use and long-term
attention were have higher scores in group I when com-
pared to CRS-R.

Conclusion: Amantadine infusion affects positively neuro-
logical recovery and neurocognitive function for TBI in
this study.
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INTRODUCTION

Traumatic brain injury (TBI) is a complex condition
with important socioeconomic and public health
problems around the world. Traumatic brain injury
causes some cognitive and behavioral problems that
may require long-term treatment. In TBI, dopamine
is significantly distributed, and dopaminergic ago-
nists may improve outcomes. More specifically,
mono-aminergic agents (such as amantadine) may
have a more pronounced effect in improving out-
comes after TBL.! Several medications have been
searched following a severe TBI as well as into the
acute neuro-rehabilitation course. The goal of these
medications is to improve arousal through modula-
tion of the dopaminergic or noradrenergic pathways
damaged during the injury or prevention of neuronal
injury.” Improvement of dopamine receptors make
better cognitive outcomes.” In TBI for cognitive
functions, drugs can be used for proper treatment.”
Amantadine is known to increase release and reup-
take of dopamine, causing increased concentration
of dopamine in the synaptic cleft of neurotransmit-
ters. Amantadine infusion in rats with TBI has been
shown to increase striatal release and reuptake of
dopamine while improving behavioral deficits. Fur-
thermore, amantadine may act as an N-methyl-d-
aspartate antagonist resulting in neuroprotective
effects. In patients with TBI, amantadine may en-
hance cognitive function, concentration, processing
time, psychomotor speed, and decreased fatigue.”
Amantadine infusion accelerates alertness and con-
centration and reduces irritability and aggression in
individuals with TBI. Many studies showed that
amantadine infusion can help the improvement of
clinical and neurological status in TBI patients.’ The
Coma Recovery Scale-Revised (CRS-R) is one of
the scores that can evaluate the neurological recov-
ery of symptoms. It contains six measures: com-
posed of auditory, visual, motor, oromotor—verbal
function, communication, and arousal.” These scores
are used for patients with disorders of conscious-
ness.’

We suggested that, amantadine infusion treatment
effects positively neurological recovery and neuro-
cognitive function in patients with a severe head
injury on the recovery of conscious with CRS-R in
this study.

MATERYALS AND METHODS

This study was certified by the Kanuni Sultan Suley-
man Education and Training Hospital ethical com-
mittee (Date: 16/04/2018 Decision no: 2018-16).
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The inclusion criteria of the study were aged >18,
had brain trauma, using amantadine infusion with
the first day of ICU admission, GCS > 3. Exclusion
criteria of the study were patients aged <18, non-
traumatic brain injury, who had more than two co-
morbid diseases.

In this study, patient files between June 2016-
December 2016 retrospectively scanned. The pa-
tients with TBI were classified into two groups: Pa-
tients receiving amantadine infusion group was
Group I (n=40) and patients receiving standard ICU
treatment group was Group group II (n=40). Aman-
tadine infusion was given 200 mg/12 hours for 5
days to TBI patients with loss of consciousness in
Group L.

Patients' age, gender, days of hospitalization, Glas-
gow Coma Score (GCS), education level, day of
amantadine infusion, intubated or non-intubated in
Intensive Care Unit (ICU), the recovery time of con-
scious, discharge time, recovery of CT or MR scan
were retrospectively recorded. Recovery of Key
Behavioral Benchmarks on the CRS-R was also
recorded from the patient’s files. The CRS-R in-
cluded Consistent command, Object recognition,
Functional Object Use, Intelligible Verbalization,
Reliable Yes-or-No communication and Sustained
attention parts.

Statistical methods: The SPSS statistical package,
version 15.0 (SPSS Inc, Chicago, IL, USA) was
used to analyze the statistics. Data were checked for
a normal distribution using the SPSS® statistical
package. Numerical variables were checked for nor-
mal distribution. The Student t-test was used for
normally distributed numerical variables and the
Mann-Whitney U test was used for non-normally
distributed numerical variables. Chi-square test and
Fisher exact test were used to compare categorical
variables. p <0.05 was considered statistically sig-
nificant.

RESULTS

A total of 85 patients using amantadine infusion
were reviewed in the study. Two patients excluded
because of <18 age and 3 patients had missing data.
So 80 patients included the study: amantadine infu-
sion group; Group I (n=40) (3 females (7.5%), and
37 males (92.5)), Receiving standard ICU treatment
group: Group II (n=40) (10 females (25%) and 30
males (75%)) (Figure 1).

Group I used amantadine infusion initially by intra-
venous infusion twice a day 200 mg (500 ml) first 5
days admission to ICU. After infusion, continued
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with 100 mg tablet once a day if the consciousness
did not improve. A total of 7 patients continued the
therapy with oral form in Group I. The mean starting
time to the oral form was 20.73 ( 15.2) days.

The median value of the starting day of amantadine
infusion was found 5 (1-40). Arrhythmia in ECG
was seen in only 1 patient (3.7%) in Group I in the
context of side effects of amantadine infusion.
Educational status and demographic and clinical
characteristics of patients were shown in Table 1
and Table 2.

There were no statistically significant differences
between the educational status of patients (p>0.05).
(Table 1)

The GCS of patients, when admitted to ICU, was
lower in Group I, and this was statistically signifi-
cant (p <0.05) (Table 2).

The frequency of recovery of key behavioral bench-
marks on the Coma Recovery Scale-Revised and
consciousness level after 4 weeks were shown in
Table 3 and Table 4.

Functional object use and long-term attention had
higher scores in Group I when compared to CRS-R
(Table 3).

In Group 1, 17 patients (42.5%), in Group 2 10 pa-
tients (25%), totally 27 patients (33.75%) received
full scores from all 6 parts of CRS-R (Table 4).

DISCUSSION AND CONCLUSION

In this present study, amantadine infusion affects
positively neurological recovery and neurocognitive
function for TBI compared to patients who did not
receive amantadine infusion treatment. We think
that the routine use of amantadine infusion in TBI
patients will contribute to neurological healing and
cognitive functions. We wanted to emphasize that
new studies will contribute to the literature in order
to increase the frequency of using this treatment.
Early times of TBI, a lot of neurotransmitters run
out and the mechanism of injury differs metabolism
of neurotransmitters.”® Amantadine likes N-methyl-
D-aspartate (NMDA) receptor antagonist, blocking
glutamate, an NMDA channel activator and norepi-
nephrine changes GCS and improve the outcome of
TBIL.>! In this present study, when we investigated
the GCS status, the patients when admitted to ICU
had lower GCS in Group I and this was statistically
significant. But compared to the treatment GCS
status, there was no statistical difference. Because
the admission ICU GCS was lower and the number
of intubated patients during admission of ICU was
more in Group I. Nevertheless, GCS status after
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treatment, time to recovery in consciousness was
shorter in Group I and this was a statistically signifi-
cant difference. In a study, they found that improve-
ment of GCS and lower mortality rates who did not
receive amantadine treatment.” When we compared
the mortality rates between groups there were no
statistically significant differences.

In many studies, in TBI, amantadine accelerate cog-
nitive and neurological recovery.”'"*'?

Also, we found that GCS increases significantly at
the beginning of the intensive care unit admission.
Moreover, we found that time to recovery in con-
sciousness was shorter in Group I and this was sta-
tistically significant. It shows that in Group I pa-
tients came with lower GCS scores so bad clinical
status but even so a recovery in consciousness was
shorter with treatment, so clinical status was better.
Some studies showed that, in stroke patients, coma-
tose patients or after cardiac arrest amantadine infu-
sion treatment can be used as a conventional treat-
ment after several days.">'>A multicenter study sug-
gested amantadine can speed up recovery several
weeks after injury.” However, in our intensive care
unit, amantadine is generally begun earlier after
TBI. In this study, amantadine infusion was usually
started on the first day of ICU and the median value
of the starting time of amantadine infusion was
found 5 days (1-40). Although admission to GCS
status in Group I was lower, no statistically signifi-
cant differences were found between mean extuba-
tion time. When the groups were compared in terms
of discharge time, it was found that the average dis-
charge time of patients was longer in Group I. Be-
cause it was determined that Group 1 had more intu-
bated patients, lower GCS status. In our knowledge,
amantadine infusion was started in clinically wors-
ening patients but better results were obtained in the
improvement of consciousness.

Some studies suggested in severe brain injury, ad-
ministration of amantadine occurs a low rate of
complications and improves neurological recov-
ery.'®"7 Although improvement in consciousness
was better in Group I, there was no statistically sig-
nificant difference in clinical improvement and CT
or MRI findings in our study. In this present study,
60% of patients have good clinical recovery.

The CRS-R is a standardized neuro-behavioral
evaluation tool comprising six organized subscales
(i.e., auditory, visual, motor, oromotor—verbal, com-
munication, and arousal).'®* CRS-R is a qualitative
measure for understanding vegetative state, mini-
mally conscious state or emergence from the mini-
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mally conscious state. Functional object use and
long-term attention had higher scores in Group I
when compared to CRS-R. In Group I, 17 patients
(42.5%), in Group II, 10 patients (25%), totally 27
patients (33.75%) received full scores from all 6
parts of CRS-R after 4 weeks. In our study, %
41.250f patients graduated from high school so we
think that they answered the questions correctly on
high rates and there were no statistical differences
between the educational status of patients.

There are a lot of trauma scores that use in emer-
gency departments. They usually include hemody-
namical parameters. Jeong et al suggested New
Trauma Scores (NTS) will be used in triage in
trauma patients.”” In that score, only systolic blood
pressure and oxygen saturation were used. In our
patients, there were no significant differences be-
tween groups. So both of the groups had homogene-
ous distribution between trauma severity.

In conclusion, amantadine treatment speeds up neu-
rological recovery and ameliorate neurocognitive
function with CRS-R and clinical recovery in TBI.
Limitations: Because of the retrospective design of
the study some important clinical characteristics
were not recorded and the sample size is small. Ran-
domized-controlled prospective studies with larger
groups can be more significant.

Ethics Committee Approval: Our study was ap-
proved by the SBU Kanuni Sultan Suleyman Educa-
tion and Training Hospiatl Ethics Committee (Date:
16/04/2018, Decision no: 2018.04).

Conflict of Interest: No conflict of interest was de-
clared by the authors.

Author Contributions: Concept — A.S.S.; Supervi-
sion — A.S.S.; Materials — S.0., A.S.S.; Data Collec-
tion and/or Processing — S.0.; Analysis and/ or In-
terpretation — S.0. Writing — A.S.S.

Peer-review: Externally peer-reviewed.
Acknowledgement: The authors thank to Dr. Giiven
Mengii from University of Gazi.

Etik Komite Onayi: Calismamiz Kanuni Sultan
Siileyman Egitim ve Arastirma Hastanesi Etik Ku-
rulu (Tarih: 166/04/2018, Karar no: 2018.04) taraf-
mdan onaylandu.

Cikar Catismasi: Yazarlar cikar catismasi bildir-
memiglerdir.

Yazar Katkilari: Fikir- A.S.S.; Denetleme - A.S.S.;
Malzemeler - S.0., A.S.S.; Veri toplanmas1 ve/veya
islemesi — S.0.; Analiz ve/veya yorum — S.O;
Yaziy1 yazan — A.S.S.

Ayca Sultan Sahin ve Siireyya Ozkan

Hakem degerlendirmesi: D1s bagimsiz.
Tesekkiir: Yazarlar, yazinin redaksiyon islemine
katki saglayan Dr. Giiven Mengii’ye tesekkiir eder.

REFERENCES

1. Leone H, Polsonetti BW. Amantadine for
traumatic brain injury: does it improve
cognition and reduce agitation? Journal of
Clinical ~ Pharmacy and  Therapeutics.
2005;30:101-104.

2. Scott D, Spritzer DO, Kinney CL, et al.
Amantadine for Patients With Severe
Traumatic Brain Injury A Critically Appraised
Topic. The Neurologist. 2015;19:61-64

3. Gramish JA, Kopp BJ, Patanwala AE. Effect of
Amantadine on Agitation in Critically Ill Pa-
tients With Traumatic Brain Injury. Clinical
Neuropharmacology. 2017;5:212-216.

4. Stelmaschuk S, Will MC, Meyers T.
Amantadine to Treat Cognitive Dysfunction in
Moderate to Severe Traumatic Brain Injury. J
Trauma Nurs. 2015;22 (4):194-203.

5. Saniova B, Drobny M, Kneslova L, Minorik M.
The outcome of patients with severe head inju-
ries treated with amantadine sulfate. Journal of
Neural Transmission. 2004;111:511-514.

6. Akcil EF, Dilmen OK, Vehid H, Tunali Y. Can
Amantadine Ameliorate Neurocognitive
Functions After Subarachnoid Haemorrhage? A
Preliminary Study. Turk J Anaesthesiol
Reanim. 2018;46:100-107.

7. Bakay RA, Sweeney KM, Wood JH. Patho-
physiology of cerebrospinal fluid in head in-
jury: Part 1; pathological changes in cereb
rospinal fluid solute composition
traumatic injury. Neurosurgery. 1986;18:234—
243.

8. Meythaler M, Peduzzi-Nelson J, Eleftheriou E,
Novack TA. Current concepts: diffuse axonal

after

in- jury as- sociated traumatic brain injury.
Arch Phys Med Rehabil. 2001;82:1461-1471.

9. Sawyer E, Mauro LS, Ohlinger MIJ.
Amantadine Enhancement of Arousal and
Cognition After Traumatic Brain Injury. The
Annals of Pharmacotherapy. 2008;42:247-252.

10. Hamill RW, Woolf PD, McDaonald JV, Lee
LA, Kelly M. Catecholamines predict outcome
in traumatic brain injury. Ann Neuro.
1987;21:438-443.

11. Giacino JT, Whyte J, Bagiella E, et al.Placebo-
Controlled Trial of Amantadine or Se- vere

158



Arastirma Makalesi (Research Article)

12.

13.

14.

15.

Traumatic Brain Injury. N Engl J Med.
2012;366:819-826.

Nickels JL, Schneider WN, Dombovy ML,
Wong TM. Clinical use of Amantadine in brain
injury rehabilitation. Brain Inj. 1994;8:709-718.
Krivonos OV, Amasova NA, Smolentseva IG.
Use of the glutamate NMDA receptor anatag-
onist PK-Merz in acute stroke. Neurosci and
Behav. Physio. 2009;40:72-74.

Wu ST, Garmel GM. Improved neurological
function after amantadine treatment in two pa-
tients with brain injury. J Emerg Med.
2005;28:289-292.

Aksu NM, Senlikci H, Akkass M, Ozmen NM.
The Neurological Improvement of a Patient
JAEMCR.

after  Amantadine  Infusion.

2013;4:161-163.

16.

17.

18.

19.

Ayca Sultan Sahin ve Siireyya Ozkan

Tutal ZB, Ozayar E, Kenan I, et al. Neurolog-
ical Recovery after Amantadine Treatment in a
Patient with Septic Arthritis: A Case Report. J
Turk Soc Intens Care. 2016;14:39-42.

Steube D, Gortelmeyer R. The Influence of
Amantadine Sulfate on Disturbances of Arousal
after Severe Traumatic Brain Injury. Neurology
& Rehabilitation. 2000;6:307-312.

Giacino JT, Kalmar K, Whyte J. The JFK
Coma Recovery Scale—Revised: measure- ment
characteristics and diagnostic utility. Arch Phys
Med Rehabil. 2004;85:2020-2029.

Jeong JH , Park YJ, Kim DH, et al. The new
trauma score (NTS): a modification of the
revised trauma score for better trauma mortality
prediction. BMC Surgery. 2017;17:77.

159



Arastirma Makalesi (Research Article) Ayca Sultan Sahin ve Siireyya Ozkan

85 patients assessed for eligibility

|
@ -
% I » 1 patients excluded-under <18
=
H Included $3 patients
.'=]| 3 missing dates
Included 80 patients
;.:' Group I: Amantadine Group II: Non Amantadine
E Sulfate group (n: 40) * *| Sulfate group (n: 40)

Figure 1. Flow diagram of the study (Flow chart).
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Table 1. Educational status of patients.

Educational status Group I (n=40) | Group II

(n=40)
1(Elementary school) | 10 (25%) 11 (27.5%)
2 (Secondary school) | 10 (25%) 12 (30%)
3 (High school) 17 (42.5%) 16 (40%)
4 (University) 3 (7.5%) 1 (2.5%)

Ayca Sultan Sahin ve Siireyya Ozkan
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Table 2. Demographic and Clinical Characteristics.

Group I Group II p
(n=40) (n=40)
Age 34 (18-81) 40 (18-87) 0.60
Admission GCS 3 (3-15) 6 (3-15) 0.02*
Treatment GCS 11.5 (3-15) 12.5 (3-15) 0.82
Extubation time (day) 11 (2-40) 10 (4-20) 0.60
Mortality 32.50% 40% 0.48
Intubated when admission to ICU 87.5% 57.5% 0.003*
Extubation time(days) 11(2-40) 10(4-20) 0.6
Recovery in consciousness time (days) 4(1-22) 9(2-40) 0.03*
Discharge time (days) 30(4-230) 14.5(2-150) 0.004*
CT and MRI findings 21 (52.5%) 17(42.5%) 0.50
Bad clinical recovery 16 (40%) 23(57.5%) 0.11
Good clinical recovery 24 (60%) 17(42.5%) 0.11

*p <0.05, statistically significant; GCS =Glasgow Coma Score, ICU: Intensive Care Unit

162



Arastirma Makalesi (Research Article)

Table 3. Frequency of Recovery of Key Behavioral Benchmarks on the Coma Recovery Scale—

Ayca Sultan Sahin ve Siireyya Ozkan

Revised.

Clinical status Group I (n=40) | Group II(n=40) p
Consistent command 24 (100%) 23 (95.8%) 1
Object recognition 24 (100%) 23 (95.8%) 1
Functional Object Use 23 (95.8%) 15 (62.5%)* 0.01
Intelligible Verbalization 17 (70.8%) 12 (50%) 0.23
Reliable Yes-or-No communication 24 (100%) 21 (87.5%) 0.23
Sustained attention 24 (100%) 11 (45.8%)* 0.01

*p <0.05, statistically significant
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Table 4. Consciousness level after 4 weeks.
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Group I-n (%)

Group II-n (%)

0 part of CRS-R 16 (40) 17 (42.5)
4 parts CRS-R 2(5) 10 (25)
5 parts CRS-R 5(12.5) 3(7.5)
6 parts CRS-R 17 (42.5) 10 (25)
Total 40 (100) 40 (100)

CRS-R=Coma Recovery Scale—Revised
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