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Memantine is effective in blocking excessive activity of NMDA-type glutamate receptors and reduces the progression of

dementia and may have benefits after TBI.
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1. Introduction

In 2016, more than 27 million new cases of traumatic brain injuries (TBIs) were diagnosed globally, while approximately

an equal number of patients were suffering from the sequelae of older TBIs . Several national studies have established

that there is a significant financial burden related to TBIs due to associated healthcare costs and loss of

earnings/productivity . Financial losses for a proportion of TBI patients continue after their initial hospitalization period,

as they suffer from the sequelae of traumatic brain injury . The sequelae of TBI can include cognitive decline,

behavioural changes, neurodegenerative disease processes, motor deficits, somnolence, hormonal dysfunction,

increased risk of seizures and sensory disturbances . Cognitive impairments after TBI can include disturbances of

attention, memory and executive function, resulting in reduced global cognition, naming, incidental memory, immediate

memory, learning and delayed recall .

In this systematic review, we focus on whether an Alzheimer’s disease (AD) medication, memantine hydrochloride

(memantine), produces benefits in TBI patients. TBI can be divided into three major categories: (i) closed head; (ii)

penetrating; and (iii) explosive blast TBI . Closed head TBI typically occurs after blunt impact incurred through motor

vehicle accidents, falls and sporting activities and leads to immediate damage of the brain vasculature and neurons.

Penetrating TBI results from foreign body penetration of the skull and brain parenchyma causing focal damage,

intracranial haemorrhage, edema and ischemia . Explosive blast TBI however, is prevalent in war-related casualties

and compromises brain tissues due to the rapid pressure shock waves generated from explosions leading to widespread

diffuse damage such as neuronal death, axonal injury, compromised blood–brain barrier and edema .

Excitotoxicity and apoptosis are two mechanisms of neuronal cell death that occur in TBI, with the N-methyl-D-aspartate

(NMDA)-type glutamate receptors implicated in both mechanisms . With moderate hyperactivity of

glutamate receptors, there is an excessive influx of calcium (Ca ) which leads to apoptosis (programmed cell death)

. Whereas, in excitotoxicity, there is a massive release of glutamate resulting in the loss of Mg  within the glutamate

receptor’s ion channel . Without the regulating effect of Mg , there is an influx of calcium and sodium, which causes the

neuronal cells to depolarize, swell and lyse (necrosis) . With necrosis, there is a release of cellular contents that

leads to neighbouring neuronal dysfunction or neuronal cell death by excitotoxicity. Neuronal dysfunction occurs

secondary to ischemia caused by the increased energy demands needed to maintain ion gradients . Similarly,

activation of NMDA receptors by glutamate promotes the production of reactive oxygen species (ROS) and nitric oxide

(NO) which further exacerbate secondary cell injury . Memantine blocks excessive activation of NMDA-type

glutamate receptors (NMDAR) since it is an uncompetitive open channel blocker which binds in the region of Mg , but

has a higher affinity than Mg . In normal physiological states, the NMDA-type glutamate receptor is not open

long enough to allow memantine to accumulate in its active site. Being an uncompetitive antagonist, memantine’s efficacy

increases as the concentration of glutamate increases .

Memantine was not only neuroprotective in animal models of cerebral and spinal cord ischemia but also in models of

TBI . Studies have also shown that blocking NMDAR function with antagonists such as

amantadine, improve cognitive outcomes after mild TBI . Hence, randomized control trials (RCTs) have been carried

out to assess whether memantine has similar benefits in patients with TBI.
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2. Effects of Memantine in Patients with Traumatic Brain Injury

we identified four RCTs that met our inclusion/exclusion criteria related to the use of memantine in TBI and its potential

benefits on outcomes, including cognitive functions. Due to the heterogeneity within studies related to parameters

including the timing of TBI to treatment and the inclusion of all forms of TBI, meta-analysis was deemed not possible and

hence the four RCTs were qualitatively analysed. Our results demonstrate that in TBI, one study reported reduced serum

NSE levels by day 7 and marked improvements in their GCS scores on day 3 of the study. In addition, only one study

demonstrated significant improvements in cognitive outcomes across 26 standardized tests for cognitive performance,

whilst two studies demonstrated that patients in the memantine group underperformed in all cognitive tests.

Across the RCTs, there were 28 outcome measures, which assessed the severity of TBI, the extent of neuronal damage,

memory, cognitive flexibility, information processing, attention, conceptualization, initiation, perseverance, praxis, impulse

control, depression and anger. A single RCT by Mokhtari et al.  presented the neuroprotective effects of memantine in

TBI patients with a significant reduction of NSE and significant day to day improvement in the Glasgow Coma Scale

(GCS). NSE is a commonly used as a biomarker of TBI since NSE is abundant in neuronal tissues, and structural damage

of these cells cause NSE leakage into the extracellular space and into the bloodstream . Elevated NSE levels

indicate the degree of brain cell damage and correlate with unfavourable outcomes and clinical complications in neuro-

intensive care units . However, NSE levels are not 100% specific since extracranial tissues can also

contribute to total serum levels if the patient suffers from severe multi-trauma or even haemolysis . Although NSE

levels correlate with mild cognitive impairment in conditions such as diabetic retinopathy and post-operative cognitive

dysfunction after cardiac surgery , no relationship to NSE levels and cognitive decline have been reported in TBI .

The severity of TBI is defined by the duration of loss of consciousness (LOC), altered mental state (i.e., confusion) or

post-traumatic amnesia (PTA) and graded according to the GCS . GCS is a 3- to 15-point scale used to assess the level

of consciousness and neurological functioning and is scored on motor, verbal and eye-opening responses. In a recent

study, moderate TBI patients with an initial GCS score of 9–10 exhibited greater cognitive dysfunction, compared to those

with GCS scores of 11–12 . Cognitive outcomes from TBI not only depend on duration of LOC and PTA but also on the

degree of diffuse axonal injury, as well as evidence of brain stem dysfunction at the time of injury and the presence and

size of focal hemispheric injury . Since memantine increased GCS scores and higher GCS scores relate to improved

LOC, an indirect effect of memantine on cognitive dysfunction may be surmised. Hence, increasing initial GCS score may

reduce cognitive decline in TBI patients. Despite the fact that the study by Mokhtari et al.  was underpowered, the p-

value for the reduction in serum NSE in the therapeutic arm was low (p = 0.009), which is promising. This study did not

follow up participants after their trial period which was only 7 days, so it is difficult to establish whether NSE levels would

remain lower in the treated group and whether positive effects on increasing GCS would be sustained. Furthermore, no

placebo was used in the control group and so a large multicentre trial, using placebo in the comparative arm would be

beneficial to confirm these findings.

All assessments demonstrating significant improvements in cognitive function were from a single RCT by Litvinenko et al.

, the source of funding for which was not declared. Two other RCTs were carried out in America looking into cognitive

improvements in TBI patients from memantine, both these studies used placebos in the control group and employed

double/triple blinding. One of these RCTs, was funded by a pharmaceutical company which produced and sold

memantine . However, both American RCTs  did not show significant improvements in cognitive function in the

memantine groups. Although the American RCTs had a superior study design, they also had less than half the sample

size than in the RCT by Litvinenko et al. . Clearly, this is an area where further well-controlled, suitably powered studies

are required to clear up these discrepancies.

The exact dose of memantine varied slightly across the studies assessing cognitive function . For the most part,

all three RCTs used a total daily dose of 20 mg of memantine in their therapeutic arm, with 2 of the RCTs titrating to 10 mg

twice daily as the dose and frequency of choice. One study used 20 mg twice daily for 19 of the 168 days of the treatment

course . Across the RCTs, there was no mention of improvements in cognitive function associated with as higher dose

of memantine. The available raw data did not measure for the effect of dose of memantine/placebo effects on cognitive

function.

The duration of therapy varied from 7 to 168 days across the 4 RCTs. RCTs employing a longer course of memantine

therapy did not report significant improvement in cognitive function, and across most outcome measures, cognitive

function scores were lower in assessments taken closer to the end of the drug course. Duration from injury also ranged

from 48 h to 20 years amongst RCTs assessing cognitive function, with no clear benefit demonstrated when treatment
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with memantine was started earlier following TBI. Although in the RCT where TBI patients were treated within 48 h from

the onset of TBI, only severe TBI patients were included. It is entirely possible that within this patient population there was

little scope for improvements to occur.

The severity of TBI requirements across included RCT differed vastly, with the first RCT including only moderate TBI

patients, the second RCT including all three severities, the third RCT excluding severe TBI patients and the final RCT

selecting for severe TBI patients only. Clearly, different severities of TBI would affect the severity of cognitive decline and

also the potential to recover. Closed (non-penetrating) versus open (penetrating) head injuries will also necessitate

different interventions and treatments as well as different time points for intervention and hence a mixture of these patients

in RCTs may confound eventual outcomes. In addition, the time from TBI event to treatment will also significantly affect

the potential benefits of treatment. For example, memantine might be more effective in the acute stages after TBI in

inhibiting current flow through the NMDA receptor, as a result of excessive activation by e.g., glutamate, whilst in chronic

stages, memantine may not have any effects since glutamate levels may be lower. Memantine may contribute to cognitive

improvements in TBI by decreasing the synaptic ‘noise’ resulting from excessive NMDA receptor activation , inhibition of

β-amyloid mediated toxicity  and readjustment of the balance between inhibition and excitation on neuronal

networks in the CNS. Moreover, 2 of the studies used some cognitive tests that were common to both studies  whilst

the study reporting improvements in cognitive function used different cognitive tests . This presents problems in

comparing the apparent recovery as each test measures different types of cognitive functions. It is possible that

memantine positively affected performance in the cognitive tests used by Litvinenko et al.  but had no effect on those

used by Rupright and Johnstone  and Hamond . Future trials assessing cognitive improvement in TBI patients would

need to consider all of these important points as well as benefit from using standardized and sensitive tools for assessing

cognitive outcomes after TBI.

Groups receiving memantine were reported to have exclusively had the following adverse events across RCTs reporting

these events; nausea, vomiting, hematuria and dehydration. Since the target population is the same across included

RCTs, several adverse events were common between both the therapeutic and control arms. These include: respiratory

tract infections, neurostorming, headaches, insomnia, depression and anxiety. There is no significant difference in the

frequency of those adverse events common to both the therapeutic and control arms of reviewed RCTs. This is a potential

indicator that memantine has not inferred protection to TBI patients in the various therapeutic arms, although it is noted

that the total number of participants enrolled in the trials were too few to draw concrete conclusions.

Limitations

The leading limitation of this article is that there was an inadequate number of RCTs (only 4 studies) and all RCTs

included small sample sizes, rendering them underpowered. None of the articles reported alpha values, presumably for

the reason that their sample sizes were too small. For this reason, a meta-analysis was not possible. Other limitations

included variable time frames from TBI to treatment (48 h to 20+ years), differing severities of TBI (mild, moderate or

severe) were often grouped together, demographic data when provided did not relate to the participants from whom

results were generated and RCTs assessing cognitive function used different outcome measures that prevented meta-

analysis from being carried out. In the future, investigators should pay more attention to performing high-quality,

adequately-powered RCTs to test the effectiveness of memantine in TBI outcomes.

References

1. James, S.L.; Theadom, A.; Ellenbogen, R.G.; Bannick, M.S.; Montjoy-Venning, W.; Lucchesi, L.R.; Abbasi, N.;
Abdulkader, R.; Abraha, H.N.; Adsuar, J.C.; et al. Global, regional, and national burden of traumatic brain injury and
spinal cord injury, 1990–2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet
Neurol. 2019, 18, 56–87.

2. Te Ao, B.; Brown, P.; Tobias, M.; Ameratunga, S.; Barker-Collo, S.; Theadom, A.; McPherson, K.; Starkey, N.; Dowell,
A.; Jones, K.; et al. Cost of traumatic brain injury in New Zealand: Evidence from a population-based
study. Neurology 2014, 83, 1645–1652.

3. Scholten, A.; Polinder, S.; Panneman, M.J.; Van Beeck, E.F.; Haagsma, J.A. Incidence and costs of bicycle-related
traumatic brain injuries in the Netherlands. Accid. Anal. Prev. 2015, 81, 51–60.

4. McAllister, T.W. Neurobehavioral sequelae of traumatic brain injury: Evaluation and management. World
Psychiatry 2008, 7, 3–10.

5. Stocchetti, N.; Zanier, E.R. Chronic impact of traumatic brain injury on outcome and quality of life: A narrative
review. Crit. Care. 2016, 20, 148.

[56]

[57][58][59][60]

[54][55]

[53]

[53]

[54] [55]



6. Howell, J.; Costanzo, R.M.; Reiter, E.R. Head trauma and olfactory function. World J. Otorhinolaryngol. Head Neck
Surg. 2018, 4, 39–45.

7. Sen, N. An insight into the vision impairment following traumatic brain injury. Neurochem. Int. 2017, 111, 103–107.

8. Annegers, J.F.; Hauser, W.A.; Coan, S.P.; Rocca, W.A. A Population-Based Study of Seizures after Traumatic Brain
Injuries. N. Engl. J. Med. 1998, 338, 20–24.

9. Arciniegas, D.B.; Held, K.; Wagner, P. Cognitive impairment following traumatic brain injury. Curr. Treatment Opt.
Neurol. 2002, 4, 43–57.

10. Cardoso, M.G.D.F.; Faleiro, R.M.; De Paula, J.J.; Kummer, A.; Caramelli, P.; Teixeira, A.L.; De Souza, L.C.; De
Miranda, A.S. Cognitive Impairment Following Acute Mild Traumatic Brain Injury. Front. Neurol. 2019, 10, 198.

11. Veeramuthu, V.; Narayanan, V.; Kuo, T.L.; Delano-Wood, L.; Chinna, K.; Bondi, M.W.; Vigneswaran, V.; Ganesan, D.;
Ramli, N. Diffusion Tensor Imaging Parameters in Mild Traumatic Brain Injury and Its Correlation with Early
Neuropsychological Impairment: A Longitudinal Study. J. Neurotrauma 2015, 32, 1497–1509.

12. Kou, Z.; Gattu, R.; Kobeissy, F.; Welch, R.D.; O’Neil, B.J.; Woodard, J.L.; Ayaz, S.I.; Kulek, A.; Kas-Shamoun, R.; Mika,
V.; et al. Combining biochemical and imaging markers to improve diagnosis and characterization of mild traumatic brain
injury in the acute setting: Results from a pilot study. PLoS ONE 2013, 8, e80296.

13. Blodstein, P.A.; Jones, S.J.; Buechler, C.M.; Vandongen, S. Cognitive screening in mild traumatic brain injuries:
Analysis of the neurobehavioral cognitive status examination when utilized during initial trauma hospitalization. J.
Neurotrauma. 1997, 14, 171–177.

14. Prins, M.; Greco, T.; Alexander, D.; Giza, C.C. The pathophysiology of traumatic brain injury at a glance. Dis. Model.
Mech. 2013, 6, 1307–1315.

15. Ng, S.Y.; Lee, A.Y.W. Traumatic Brain Injuries: Pathophysiology and Potential Therapeutic Targets. Front. Cell.
Neurosci. 2019, 13, 528.

16. Chamoun, R.; Suki, D.; Gopinath, S.P.; Goodman, J.C.; Robertson, C. Role of extracellular glutamate measured by
cerebral microdialysis in severe traumatic brain injury. J. Neurosurg. 2010, 113, 564–570.

17. Sun, D.A.; Deshpande, L.S.; Sombati, S.; Baranova, A.; Wilson, M.S.; Hamm, R.J.; DeLorenzo, R.J. Traumatic brain
injury causes a long-lasting calcium (Ca2+)-plateau of elevated intracellular Ca levels and altered Ca2+ homeostatic
mechanisms in hippocampal neurons surviving brain injury. Eur. J. Neurosci. 2008, 27, 1659–1672.

18. Girouard, H.; Wang, G.; Gallo, E.F.; Anrather, J.; Zhou, P.; Pickel, V.M.; Iadecola, C. NMDA Receptor Activation
Increases Free Radical Production through Nitric Oxide and NOX2. J. Neurosci. 2009, 29, 2545–2552.

19. Sattler, R.; Xiong, Z.; Lu, W.Y.; Hafner, M.; Macdonald, J.F.; Tymianski, M. Specific coupling of NMDA receptor
activation to nitric oxide neurotoxicity by PSD-95 protein. Science 1999, 284, 1845–1848.

20. Lipton, S. The Molecular Basis of Memantine Action in Alzheimers Disease and Other Neurologic Disorders: Low-
affinity, Uncompetitive Antagonism. Curr. Alzheimer Res. 2005, 2, 155–165.

21. Bramlett, H.M.; Dietrich, W.D. Long-Term Consequences of Traumatic Brain Injury: Current Status of Potential
Mechanisms of Injury and Neurological Outcomes. J. Neurotrauma 2015, 32, 1834–1848.

22. Guerriero, R.M.; Giza, C.C.; Rotenberg, A. Glutamate and GABA Imbalance Following Traumatic Brain Injury. Curr.
Neurol. Neurosci. Rep. 2015, 15, 1–11.

23. Block, F.; Schwarz, M. Memantine reduces functional and morphological consequences induced by global ischemia in
rats. Neurosci. Lett. 1996, 208, 41–44.

24. Chen, H.-S.; Wang, Y.F.; Rayudu, P.V.; Edgecomb, P.; Neill, J.C.; Segal, M.M.; Lipton, S.A.; E Jensen, F.
Neuroprotective concentrations of the N-methyl-D-aspartate open-channel blocker memantine are effective without
cytoplasmic vacuolation following post-ischemic administration and do not block maze learning or long-term
potentiation. Neuroscience 1998, 86, 1121–1132.

25. Dogan, A.; Eras, M.A.; Rao, V.L.R.; Dempsey, R.J. Protective effects of memantine against ischemia-reperfusion injury
in spontaneously hypertensive rats. Acta Neurochir. 1999, 141, 1107–1113.

26. Krieglstein, J.; El Nasr, M.S.; Lippert, K. Neuroprotection by memantine as increased by hypothermia and
nimodipine. Eur. J. Pharm. Sci. 1997, 5, 71–77.

27. Rao, V.L.R.; Dogan, A.; Todd, K.G.; Bowen, K.K.; Dempsey, R.J. Neuroprotection by memantine, a non-competitive
NMDA receptor antagonist after traumatic brain injury in rats. Brain Res. 2001, 911, 96–100.

28. Biegon, A.; Fry, P.A.; Paden, C.M.; Alexandrovich, A.; Tsenter, J.; Shohami, E. Dynamic changes in N-methyl-D-
aspartate receptors after closed head injury in mice: Implications for treatment of neurological and cognitive
deficits. Proc. Natl. Acad. Sci. USA 2004, 101, 5117–5122.



29. Mei, Z.; Qiu, J.; Alcon, S.; Hashi, J.; Rotenberg, A.; Sun, Y.; Meehan, W.P.; Mannix, R. Memantine improves outcomes
after repetitive traumatic brain injury. Behav. Brain Res. 2018, 340, 195–204.

30. Effgen, G.B.; Morrison, B. Memantine reduced cell death, astrogliosis, and functional deficits in an in vitro model of
repetitive mild traumatic brain injury. J. Neurotrauma. 2017, 34, 934–942.

31. Jarrahi, A.; Braun, M.; Ahluwalia, M.; Gupta, R.V.; Wilson, M.; Munie, S.; Ahluwalia, P.; Vender, J.R.; Vale, F.L.;
Dhandapani, K.M.; et al. Revisiting Traumatic Brain Injury: From Molecular Mechanisms to Therapeutic
Interventions. Biomedicines 2020, 8, 389.

32. Reddy, C.C.; Collins, M.; Lovell, M.; Kontos, A.P. Efficacy of amantadine treatment on symptoms and neurocognitive
performance among adolescents following sports-related concussion. J. Head Trauma Rehabil. 2013, 28, 260–265.

33. Ma, H.M.; Zafonte, R.D. Amantadine and memantine: A comprehensive review for acquired brain injury. Brain
Inj. 2020, 34, 299–315.

34. Mokhtari, M.; Nayeb-Aghaei, H.; Kouchek, M.; Miri, M.M.; Goharani, R.; Amoozandeh, A.; Salamat, S.A.; Sistanizad, M.
Effect of Memantine on Serum Levels of Neuron-Specific Enolase and on the Glasgow Coma Scale in Patients with
Moderate Traumatic Brain Injury. J. Clin. Pharmacol. 2018, 58, 42–47.

35. Ergün, R.; Bostanci, U.; Akdemir, G.; Beskonakli, E.; Kaptanoğlu, E.; Gürsoy, F.; Taşkin, Y. Prognostic value of serum
neuron-specific enolase levels after head injury. Neurol. Res. 1998, 20, 418–420.

36. Ross, S.A.; Cunningham, R.T.; Johnston, C.F.; Rowlands, B.J. Neuron-specific enolase as an aid to outcome prediction
in head injury. Br. J. Neurosurg. 1996, 10, 471–476.

37. Zurek, J.; Fedora, M. The usefulness of S100B, NSE, GFAP, NF-H, secretagogin and Hsp70 as a predictive biomarker
of outcome in children with traumatic brain injury. Acta Neurochir. 2012, 154, 93–103.

38. Bandyopadhyay, S.; Hennes, H.; Gorelick, M.H.; Wells, R.G.; Walsh-Kelly, C.M. Serum neuron-specific enolase as a
predictor of short-term outcome in children with closed traumatic brain injury. Acad. Emerg. Med. 2005, 12, 732–738.

39. Stein, D.M.; Kufera, J.; Lindell, A.; Murdock, K.R.; Menaker, J.; Bochicchio, G.; Aarabi, B.; Scalea, T.M. Association of
CSF Biomarkers and Secondary Insults Following Severe Traumatic Brain Injury. Neurocritical. Care 2011, 14, 200–
207.

40. Topolovec-Vranic, J.; Pollmann-Mudryj, M.-A.; Ouchterlony, D.; Klein, D.; Spence, J.; Romaschin, A.; Rhind, S.; Tien,
H.C.; Baker, A.J. The Value of Serum Biomarkers in Prediction Models of Outcome after Mild Traumatic Brain Injury. J.
Trauma Inj. Infect. Crit. Care 2011, 71, S478–S486.

41. Gradisek, P.; Osredkar, J.; Korsic, M.; Kremzar, B. Multiple indicators model of long-term mortality in traumatic brain
injury. Brain Inj. 2012, 26, 1472–1481.

42. Chabok, S.Y.; Moghadam, A.D.; Saneei, Z.; Amlashi, F.G.; Leili, E.K.; Amiri, Z.M. Neuron-specific enolase and S100BB
as outcome predictors in severe diffuse axonal injury. J. Trauma Acute Care Surg. 2012, 72, 1654–1657.

43. Begaz, T.; Kyriacou, D.N.; Segal, J.; Bazarian, J.J. Serum Biochemical Markers for Post-Concussion Syndrome in
Patients with Mild Traumatic Brain Injury. J. Neurotrauma. 2006, 23, 1201–1210.

44. Cheng, F.; Yuan, Q.; Yang, J.; Wang, W.; Liu, H. The Prognostic Value of Serum Neuron-Specific Enolase in Traumatic
Brain Injury: Systematic Review and Meta-Analysis. PLoS ONE 2014, 9, e106680.

45. Johnsson, P.; Blomquist, S.; Lührs, C.; Malmkvist, G.; Alling, C.; Solem, J.-O.; Ståhl, E. Neuron-specific enolase
increases in plasma during and immediately after extracorporeal circulation. Ann. Thorac. Surg. 2000, 69, 750–754.

46. Beaudeux, J.L.; Leger, P.; Dequen, L.; Gandjbakhch, I.; Coriat, P.; Foglietti, M.J. Influence of hemolysis on the
measurement of S-100beta protein and neuron-specific enolase plasma concentrations during coronary artery bypass
grafting. Clin. Chem. 2000, 46, 989–990.

47. Yu, Z.W.; Liu, R.; Li, X.; Wang, Y.; Fu, Y.H.; Li, H.Y.; Yan, Y.; Gao, X.Y. High serum neuron-specific enolase level is
associated with mild cognitive impairment in patients with diabetic retinopathy. Diabetes Metab. Syndr. Obes. 2020, 13,
1359–1365.

48. Kok, W.F.; Koerts, J.; Tucha, O.; Scheeren, T.W.L.; Absalom, A.R. Neuronal damage biomarkers in the identification of
patients at risk of long-term postoperative cognitive dysfunction after cardiac surgery. Anaesthesia 2017, 72, 359–369.

49. Borg, K.; Bonomo, J.; Jauch, E.C.; Kupchak, P.; Stanton, E.B.; Sawadsky, B. Serum levels of biochemical markers of
traumatic brain injury. Int. Sch. Res. Not. 2012, 2012, 417313.

50. Jennett, B. Scale and Scope of the Problem. In Rehabilitation of the Adult and Child with Traumatic Brain Injury;
Rosenthal, M., Bond, M., Griffith, E., Miller, J.F., Eds.; F. A. Davis: Philadelphia, PA, USA, 1990; pp. 3–7.

51. Majumder, P.; Khandelwal, S.; Sood, M.; Nehra, A.; Sharma, B. A comparative study of cognitive function following
traumatic brain injury: Significance of initial Glasgow coma scale score to predict cognitive outcome. J. Ment. Heal.



Hum. Behav. 2015, 20, 59.

52. Rao, V.; Lyketsos, C. Neuropsychiatric Sequelae of Traumatic Brain Injury. J. Psychosom. Res. 2000, 41, 95–103.

53. Litvinenko, I.V.; Emelin, A.I.; Vorob’Ev, S.V.; Lobzin, V.I. Clinical features of the formation and possibilities of treatment
of posttraumatic cognitive disturbances. Zh. Nevrol. Psikhiatr. Im S S Korsakova 2010, 110, 60–66.

54. Rupright, S.; Johnstone, G. Effect of Namenda on Short Term Memory and Attention in Patients with Mild to Moderate
Traumatic Brain Injury. ClinicalTrials.gov, 2013. Available
online: https://clinicaltrials.gov/ct2/show/NCT00462228 (accessed on 26 July 2020).

55. Hammond, F. Memantine for Neuroprotection and Cognitive Enhancement Following Traumatic Brain Injury.
ClinicalTrials.gov, 2017. Available online: https://clinicaltrials.gov/ct2/show/NCT02240589 (accessed on 26 July 2020).

56. Parsons, C.G.; Danysz, W.; Quack, G. Memantine is a clinically well tolerated N-methyl-d-aspartate (NMDA) receptor
antagonist—A review of preclinical data. Neuropharmacology 1999, 38, 735–767.

57. Rogawski, M.A.; Wenk, G.L. The neuropharmacological basis for the use of memantine in the treatment of Alzheimer’s
disease. CNS Drug Rev. 2003, 9, 275–308.

58. Smith, D.H.; Chen, X.-H.; Iwata, A.; Graham, D.I. Amyloid β accumulation in axons after traumatic brain injury in
humans. J. Neurosurg. 2003, 98, 1072–1077.

59. Gentleman, S.M.; Nash, M.J.; Sweeting, C.J.; Graham, D.I.; Roberts, G.W. Beta-amyloid precursor protein (beta APP)
as a marker for axonal injury after head injury. Neurosci Lett. 1993, 160, 139–144.

60. DeKosky, S.T.; Abrahamson, E.E.; Ciallella, J.R.; Paljug, W.R.; Wisniewski, S.R.; Clark, R.S.; Ikonomovic, M.D.
Association of increased cortical soluble Aβ42 levels with diffuse plaques after severe brain injury in humans. Arch
Neurol. 2007, 64, 541–544. 

Retrieved from https://encyclopedia.pub/entry/history/show/16766


