














but significant improvement in this type of dementia, both through the results of global
evaluation scores and of cognitive function scores [ including the executive functions
and attention }, and also of behavioural scores, at the sama magnitude as in Alzhaimer
damentia. Thasa data reccomend today the administration of cholinesterase inhibitors,
in particular rivastigmine, for the parkinsonian patients associating dementia and
discaourrage the use of anticholinergics as antiparkinsonian agents in patients with
cognitive impaimment, with or without dementia.
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a time pricrto the examination or "on paper” examination. A special situation is present
which reguires the annulment of a dead person's signature when the forensic repors
“on the documents” invelve a complete, accurate medical evaluation of the documents
in arder o be able to analyze tha pathoplastic biclogical backgraund that could lead ta
a mental disease, being attributed to medical and non medical evidence,

In the other civil cases, the mental capacity at the time of the report with a
predictive value for the foreseeable or non foreseeable future i assessed. In these
caseas we lake inte consideration the mantal capacity 1o decide {decisional capacity]
with fres will about onaself or athers ito decide on the way “ta be” in relation ta the legal
civil ights and duties granted by the legal rules). Such examples are restraining orders,
child care, adopficns, sexual idenfity, efc.

& special case is when a person claims civil damages on the grounds of a
disease caused by anather natural or legal person. Very often, claims for damages for
physical frauma (gocidents, fights), inadequate medical treatment orin hospital deaths
fall into this category. In such cases, we operate with concepts of medical and legal
causality, mental medical and legal causality and mental disability.

In medical and legal psychiatry, conclusions ara drawn more on the bases of
symptoms ratherthan on the underhang condrtian,

Most symptoms refer to mental functions such as willingness and simulation,
which are considered as secondary orirrelevant in hospital practice.

In civil cases, foransic madicing has to demonstrate the {infasistence of the
possibility to exhibit [display) one's free will at some peint, involving a comprahansible
or incamprahensible motivational background, As in all human activities, errors may
occur and these can have either organizational or methodological causes, with both
objective and subjective elemeants involved.,

Psychiatric medical and legal errors occurring in psycho organic patholagy
demantia types can ba classified as erors of taxonomic, organizational arigin which
invalve the  interdisciplinary collaboration of medical and legal
peychiatry/neurology/paraclinical specialities. These emrors ane the basis of the other
Ivpas of errors.

According to the WHO international classification of diseases, dementias are
classified in chapter V, mental and behavicral diseases, codes FIKV FO9 and in the class
of neurclogical diseazes, codes G 30, G 31.1. and G 31.2 regarding degenerafive
dizorders of the nervous system. For reascns which cannot be discussed within
forensic medicing, other types of dementia are nat discussed. This is why madical and
legal difficulties arise especially conceming these nosalegic classification,

The coding of degenerative dementias in both groups has to be accepted in the
folbowing way:

1 The neurclogist doas not have the competence to express his opinion on a
persan's martal capacity even if he or she has been diagnosed with demantia,

. A person goes first to a psychiatrist or aneurclogist.

LN If the patiant goes to the neurclogist first, the doctor determines the neuralogic

diagnosis as main diagnosis, secondary diagnosis and comorbidity.,

Demertiais seldom the main dizgnaosis,

In order to diagnose dementia within degenerative diseases of the nervous

syatem, irmespectiveof its written ranking, it is nacassary to emphasize specific

criteria for both neurclogical and psychiatric diagnosis, as wall as specific

mental examination.

fi. The patient may refuse a psychiatric examination and under thes
elrcumsatancas the neurolagist's raspansibility bacomes graater, as ha has to
menticn this fact, The neurclogist's staterment has ta be signed by the patient's

e
)

family a5 well,

T Laboratary tests are compulsory under these circumstances. Forensic medicine
considers as compulsory the suppor of electro physiological computerized and
imaging complementary exams for the diagnosis of dagenarative diseasas.

B. Forensic medicine does nat dismiss a priori tha diagnosis of dementia put by a
neuralagist, especially i there is the support of complementary exams, and
considers that the stages can be recognized by any experenced physician, but
it recormmends tha inclusion of critical symptoms forthe out patient visits.

9. If the patient goes first to the psychiatrist, the doctor determines a multi axial
diagnaosis, on the diagnosis axis | being included dementia and onthe axis Il the
azsociated organic pathology which is confimmed by an irterdisciglinasy
examination and suitabla paraclinical investigations. It is the psychiatrist's duty
to establish tha stage of the dissase.

By observing the above menficned activity parameters, neither group of
specialists can be blamed for malpraxis. They offer the peychiatric medical and
foransic boards at the same tima a real clinical picture which can be azsociated with
non medical evidence in order to assess the mental capacity of the patient conceming
the ciminal or civil case inwhich the latter is involved,

Whereaz in psychiatric forensic expert appraizals the actual physical
examination of a parzon is eagier (dus to the fact that boards have the legal right to
raguire the medical examinations that are considerad nacessary, including hospital
admission, and the public health network is legally bound fo fulfill such requirements),
inexpert appraisals based on documents the situation is more complicated.

These expert appraisals are commonly performed in order to establish a dead
person's mantal capacity at the tima whan he'she had a civil documant drawn up which
is contested by third parties. Large fortunes are generally at staka. In such expert
appraisals, the person's mental capacity to manifest oneself with free will at the time
the civil document under litigation was drawn up is assessed. Implicitly, tis involves a
critical assessmant of the lagal and social consequeances following that documeant.
Under thase circumstances, the forensic institution is tributary to the professional
quality of the medical tests that have been performed and comoborated with the non
medical evidence.

Forenzic ingtitutions are the anly medical institutions which use, for medical and
foransic work, nan madical avidanca,

The tailure to corroborate medical and non medical data, as well as incomplete
data, are the most frequent underlying causes for errors in setting the medical criteria
neceszary for the justice system.

Tha medical Issua under discussion includes the nosolagic  classification, tha
symptoms that can be reconstructed for the time the axpert must state his opinian
regarding the document that was drawn up, the reconstruction of the motivational
system and, finally, their azscciation as underlying patterns of wilingness capacity. In
order for a civil document to be considered as having been drawn up with the
pbservation of the legal nems and common sense principles: it must not be serously
detrimeptal to ong party, not o have been oblained by fravd, and all the parties
involved must have had their mental capacities. For people with a pathology which
required an expert appraisal, the comprehensibility of the motivation and the absence
of rmanipulation through volitional deficit have to be demanstratad.

As a matter of tact, within psycho organic syndromes, dementia syndromes
included, the difficulty arises conceming the cnzet, especially for primary dementia.

Subcortical dementias, through the damage of the subcortical structures,
ezpecially the thalamus, and of the subcortical frontal connexicns, are difficult to



diagnose at ongat. This is exactly at the time whan the least visible bahavioral changes
aceur, with a deficit to formulate strategias and to process new infarmation.

In degenerative dementias with a slow onset through behavioral and affectivity
changes, difficulties arise from the facade which iz maintained for a longer period of
tima with apparently unchanged adaptability. In such cases, there are ragularly
mismatchas among the nen madical pieces of avidenca , especially regarding the
cognition apparently preserved, The defailed psychiatric examinafion is the main
source for the data necessary to differentiate from pseudo dementias, depressive
pathology orvascular clinical pictures.

| am gaing to illustrate this with a case referred to the National Institute for
Faoransic Medicine by ona of the well known teaching centers. The patient was a female
with a psycho traumatic life experance, well educated, withowt children, She left her
workplace and shorthy afterwards she drew up a civil documenit, being at the same time
robbed of somea monay. Sha went on a trip and when she returned she was admittad to
hospital, where a state of the art medical file was drawn up: detailed mental
examination, special social enquiry performed by the staff of the psychiatric system,
paychological examination, electro physiological and imaging  investigations,
neurclogical and medical examinations. The diagnosis was unanimous: Alzheimar's
damantia, first stage. Detailad notes were kapt on a parmanant basis. Death followed
shortly. After the patient's death, the family learnad about the civil documeant and
contested it. At the MIFK, the medical documents and especially the social enguiry,
comoborated with the non medical evidence, proved that at the time when the
dacumant was signad, the parson exhibited tha earty signs of Alzhaimer s disease
icancerning especially the progressive loss of the ability to uss one's own experience,
the progressive deficit in the individual adaptative ability, with an onset prior to the
drawing ug of the document, and the first signs of inconstant spatial discrientation). If
the meadical file had not been detailed, if there had not been a social enguiry which is not
reqularly performed, it would have baen impossible to presant arguments and countar
arguments only on the basis of the evidence, A favorabla circumstance in such difficult
cazes is also the fact that lawyers do not know about 1D 10 DCH and refer ony to
DSM, ICE 1 and textbooks when thay ask us to explain why we support the absence of
mental capacity once Alzheimer's diseasa and not demantia was diagnosed and 1o
explain what was involved in diminishing the mental capacity. Alsa in connaction with
Alzheimer's dementia | would like to make a further point conceming prudence. As a
forensic specialist, | consider that the maost accurate diagnosis iz made by autopsy.
One patient was neuralogically diagnosed in an out patient clinic on the basis of a
check up in the out patient clinic and of an imaging examination, as having dementia,
The neurclogist comrectly recommended the patient 1o be admitted in a psychiatric unit,
which did not happen because of the patient's family lack of involvement. Thus, post
mortam, forensic medicine specialists were involved. The first board mada the
diagnosis of Alzheimear's dementia an the basis of a GT scan. Only through thorough
comoboration of non medical evidance with the neunalagist's examination report could
the specialists at the NIFM diagnose mixed dementia. Both the neuralogist who failed
1o write down the critical symptoms, and the mixed board which used only a CT scan to
diagnose the type of demantia wara careless imprudant).

As far as Pick disease is concemed, the psychiatric forensic actions are easierin
the case of onset with strange childish behavioral and affectivity patterns but more
difficult in the case of onset with an asthenic syndrome. In vascular and senile
damantias affactive instability, changas in behavior, the involvemant of strassful evants
and even early cognitive changes can be reconstructed. As far as these dementias are
concemed, the difficulties arise from interdisciplinary collaboration. These patients are
regulary admitted ininternal medicine departments, which do not ask foraneurclogic

examination since thare is no vascular strake as yet, nor do they ask for a peyehiatric
aexaminabion because the patient exhibits awareness,

Ancther quite delicate issue arises from  medern therapy. From our
obzervations, we can state that neurclogical vascular pathology. if treated correctly,
doas not causa changes in the mantal capacity in all patients.

The problems are quite different for patients with Alzheimer's diseasa who receive

modem frestment, We have repeatedly emphasized the fact that even if there are

spectacular improvements as far as adaptability and even cognition are concemed,
this does not apply to the voliticnal background. Under treatment with aricept or
axalon, patients who give the imprassion that their behavior is normal or do nat have
cognition deficits, are left without home or maney through manipulation, In such cases,
the corroboraticon of all the pieces of evidence is not only compulsory, but also

Necessary.

To sum up, the prablems of demantias involved in legal cases are dominatad by
the onsat of the disease, by the evolution under treatment and by the beneficial
collaboration betwsen neurclogy and psychiatry and between the two and forensic
medicing, with the observance of competencies and of the nommns for drawing up the
medical documeants.

As a result of the previous points made, we would like to emphasize the
foklowing:

1. Forensic medicine cannot allow for errors which have legal consequences and,
thius it must point out possibla sourcas of errors,

2 In forensic practice concerning the psycho organic patholagy of dementia type,
it is necessary to closely follow the mixed, psychiatric and newrological, criteria
pattemns for the diagnosis, including & minimum of paraclinical investigations,
such as peycholagical examination, computarized EEG and CT scan.

i The intardisciplinary collaboration betwaen neurslogy, peyehiatry and forensic
medicing becomes an essential requirement in orderto prevent possible judicial
errors.
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Spectruwm of mutations in CADASIL

The low sensitivity of skin blopsy for diagnosis of CADASIL, raportad by Markus et al
(B]. and also in our experience give to the molecular genetic approach the dagnostic
kay of this disorder, Howeaver, the length of the gene (24 exons) is one of limitation fara
complete gene sequencing for its time and money cost. Since the aricle of Joutel et al
(7] and more recenthy of Markus (B?), it has bean reported that most mutations wara
lacatad in exon 4, followed by exon 3, 5 and G, and B8, 18 and 22, basad on axpearience
on 48 indax patients. Lesnik Oberstain () reparted his experience in Ducht families,
confimming the high exon 4 mutation frequency, but the second highest frequency of
mutations has been found in exon 11, and then exons 56 and 19, suggesting a
variation in mutational spactrum betweaen CADASIL populations. Similar gecgraphic
variations have been described alsa in faly, with an higher frequency of exon 3 and 4
mutations in the north, of exens 4 and 11 inthe centre and of 8 inthe south {10},

All the known missensa mutations in Motch3 linked to CADASIL are reported in tabla |
and clearly indicate the ganetic haterogenaity of the dizease, Tabla Il shows deletions
and table Il the polymonphismsin Motch 3 coding sequence.

Fig 3 reports the number of mutations in each exon, indicating the higher number of
mutations found in exon 4, followed by exons 8,3, 5,11, 19, 18,2, 6,10, 20,7, 5, 14, 22
and 23,

Conelpslons

CADASIL iz one of the new diseazes that concentrate the interest of neuralogists for its
fraquency, far the elinical hetaroganaity, far thair inheritance (but alse sporadic casas
have been reportad and even in childhood) for the possibility of a diagnostic
confirmation only on molecular genetic basis, The very long list of mutations here
described gives to the clinicians an idea about the complexity of the problem and
suggests them to avold to consider the exclusion of the diagnostic hypothesis of
CADASIL anly after all the gane has been analyzad. In a recent articles that will appear
in the next months, we have found a regional differences in the mutations from the
Morth and the South of Raly, swggesting the existence of a regicnal cluster of mutations
that may facilitate the diagnostic screaning (10).

This is also a first contribution to collect mutations for the differant neuralogical
disorders, that will be peradically updated,
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It is with thiz view that we have to approach the other risk factors mentioned above.
Most of these risk factors predisposa to the cocurrence of demantia several decades
later, Low leval of aducation and head trauma are examplas of such delayed affects,
butthisis also true for hypertension, hyperipidemia and mors.

Some of the modifiable risk factors that have been suggested in the literature, like
smoking or obesity, may act through a vascular link. Others, like intellectual activities,
rnay have differant machanisms. It is howaver impartant 1o realiza that an intaraction
exists between these factors. For example, highly educated people are more likely to
follew a healthy Ifestyle, eat a healthy diet, not smoke, be invelved in stimulating
intellectual activities, promote their physical health throwgh more strict attention to
hypartansion and hyperchalastaralemia, etc. This may make it much mora difficult to
separate individual components potentially contributing to or slowing intellectual
declinein old ags.

Mot all the factors mentioned here are equally impertant (and data are missing on
saveral), and some may be redundant to others. Nevertheless, it is more than
reasonable to promote physical health, particularly by alluding to the risk factors
mentioned above, in order to prevent dementia, Since the prevalence of dementia
doubles every 5 years after age 65, delaying the cnset of dementia by ten vears could
raduce aga-specific prevalence, particularly in people who are still in critical productive
years. This is probably achievable.
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Invmamization theraps

In 1889, Schenk and colleagues immunized against f-amyloid, a transgenic mice who
ovaraxpressed a human mutant form of APP, shewing many of tha pathalagical
features of AD. They demonstrated significantly reduced B-amyloid plague formation
laterin life, if immunization cocurrad at Girth.,

Mice immunized in mid-life ghowed a reduction in further progressicn of the diseaze
with a suggestion of regression of the underlying pathology.

A human randomizad clinical trial was initiated in an internatianal multicanter Phasa |l
study of active immunotherapy with a vaccine against B-amyloid-42 (AM1792) plus
adjuvant G5-21 in 2001, The study was stopped in eary 2002 after a subacute
meningoencephaltis was found in approximately 5% of the subjects immunized. The
subjects were fallowed clinically and thara was a swggestion that a subsat of tham who
daveloped sufficient antibody levels may have had a, slowing of the prograssion of the
disease,

Neureprofective thernpy with nearofrephic factors against APF and taw
hy perphospharvlation

Meurotrophic factors are playing a key role in therapy, Unfortunately, due to a high
malecular weight they cannot peneirate the Blood Brain Barrier,

CEREBROLYSIN iz a mixture of active fragments of different neurctrophic factors ilow
malacular weight peptides). Becent clinical trialz have shown that Cerabrolysin
allaviates some symptams in patients with mild to modarate AD. (Ruether et al 2001
and 2002; Panisset et al 2002; Bas et al 2000).

CEREBROLYSIN neuroprotective effects in APP tg modelz are in part related to the
ability of this compound to reduce amyloid praduction.

Cerebrolysin reduces amyleid production by decraasing APP-p, but Has no effects on
APF processing or degrading enzymes, Reduced APP-p results in decreased APP
tranzporitothe synapse and decreased APP available for processing o Ab.
Cerebrolvein reduces APP-p by decreasing COKS and GEK3b activity but does not
affect SAPK1. The machanisms thraugh which Cerebrolysin decreases CDKS and
G5K3b activity are under investigation.

Dr. Tuszynski and colleagues, from La Jella, California and Chicage, Wineis; and Irvine,
California, presented the results of the first patientz to receive nerve growth factor
{NGF) via instillation through a burr hole, with the implantation of NGF as an ax viva
gana therapy directly into the patients’ brains in the nuclaus basalis.

Investigators used primary fibroblasts from eary-stage AD patients and genetical by
modified these cells to produce and secrete MGF in an attempt to ameliorate
cholinergic cedl loss

Pasitron emission tomagraphic (PET) scans showed increased glucosa matabolism as
compared with the baseling, indicating a cholinergic effect of NGF, Cognitive testing at
6 and 18 months showed less of a decline than expecited but mo cognitive
improvemant

Monsternidal anti-inflammatory drogs

Epidemiclogical studies indicate that the use of nonstercidal anti-inflammatony drugs
MSAIDs) may protect against developing AD.

Several epidarmiological studies appear to imply that NSAIDs may be of banefit in
potentially postponing the davelopment of AD nona af the randomized clinical frials
has been able to coreborate these findings. In addition, concern has been raised

abaut the safety of COX-2 inhibitors and perhaps other NSAIDs as well. NSAIDs beeing
currently recommended neither forthe treatment northe prophylaxis of developing AD.

Estrogen therapy

There has been some epidemiological evidence indicating that post-
menopausal women who fake esirogen replacement may be protected from
developing AD.

A large randomized, double-blind, placebo-controlled trial in mild to moderate AD
failed to damonstrate the benalit of estragen replacemeant tharapy aver the coursaaf 12
manths.

Clhiolesterol lowering therap

Twa retrozpactive clinical studies indicate that there is a decreased prevalence
of Alzheimer's disease associated with the usa of statins to treat hyperchalastaralamia,
Animal studies have revealed that association of amyioid production and
cholesteral
degletion seems to inhibit the amyloidogenic [ -and y-secretase) pathway, while
stimulating the non-amyloidoganic in-sacretasa) pathway.
Some clinical studies suggested that treatment of patients with LLAs may have a
beneficial effect on slowing cognitive decline,
Evidence Report - Pharmacological Treatment of Dementia (LS. DEPARTMEMNT OF
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Delay of Omnset of ementia

The concept of “delay onset™ was operationalized to imply conversion from a
state of cognitive impaiment (clazsified as MOl CLoMND or CIND), to a true demeantia
state.

The lack of studies eligible for evaluation in this systematic reviesy points to a gap
inthe literature for pharmacological interventions (attempting to demonstrate a delay in
diseaza onzet) in MCl-type populations.

Dby of Frogression of Dementia

Studies evaluating Gerebralysin, selegiline plus vitamin €, and donepezil have
shown statistically significant effects in delaying disease progress in mild o moderate
and moderately severe diseasein patients with AD.

This dalay in prograss was exprassed in tarms of delay In days to primary avant or
statistical differences between placebo at a specified time interval,

A total of 26 studies compared efficacy of the two or more pharmacological agents
relative to each other.
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Differant functions have bean attributed to each protealytic praduct derived from APP.
The soluble (secreted) forms of APP were proposed to be neurcprotective andto play a
ralka in leaming and memory {Tumer et al_, 2003). Tha small peptide p3 has no known
function so far, The AICD activates gene expression by coupling with the nuclear
adaptor protein Feds (Cao and Sudhoff, 2001 and this transcriptional activity is
downregulated by activation of the NF-kappaB pathway (Zhao and Les, 2003). Some
reports sugoest a neurctoxic activity also for C-terminal APP species (Suh and
Checlar, 2002). Finally, a large bady of avidance supports that Al peptida is toxic. A
has been shown to be foxic to cells in culture both when applied extracelulary or after
microinjection (Zhang et al., 2002). it seems that mainly the intracellular form and not
the sacreted ane is responsible for tha neuratoxicity (Echaverria and Cuello, 2002). The
oxidative effects of A may be mediated through interaction with redox-active metals
sinca metal chalation treatment of A significantly attenuatas toxicity. It has also been
arguad that A is an anti-oxidant and produced to protect cells from cxidative challenge
(Rottkamp et al, 2002). Other machanisms invalved in AP neurotoxicity ane alteration of
Ca’ homeostasis (Mattson et al., 1992), anhancement of glutamate-mediated toxicity
(Harkany et al., 2000). micreglial activaticn with cyvtokines release (Hu et al., 19938,
activation af  MAPK with subsaguent tau hyperphosphorylation (Rapoport and
Ferreira, 2000). The amyloid cascade hypothesis bases on all these data and states
that tau hyperphosphorylation is induced by altered APP processing and Ap
generation,

TAUPROTEIN ANDNELUROFIBRILLARY TANGLES

Tau is a microtubula-associatad phosphoprotain which is expressed in bath
central and peripheral nervous system, mainly in newrons, Taw binds ta tulbuling
promoting microtubules assambly and stability. The balance of tau phosphonylation /
dephosphorylation modulates the stability of the cytoskeleton and the axonal
mzrphology. In AD braing, tau becomes hypernchosphorylated inits C-terminal region,
which cortaing tha microtubule-binding damain. The hyperphosphorylatad tau forms
paired hedical filaments (FHFs) which in twm form the neurafibrllary tangles. More than
20 phosphonrdaticn sites have been identified for tau (Hanger et al., 1898} Many
diffarent kinasas have bean shown to phosphorylate fau, including cycline depandent
kinases 2 and 5. mitogen-activated protein kinase, Ca”-calmodulin-dependent protein
kinase |, PK&, PKC, but the mast impartant tau kinase in the brain seems 1o be
glycegen synthase kinase-3 [ (GSK-3p, Lovestone and Rewynelds, 19971 Tau is
dephozphorylated by both protein phosphataze 24 (PP24) and 2B (PP2B), but PF24&s
by far predominart [Billingsley and Kincaid, 1887).

In ALY, the balance betweean the activity of tau kinases and phosphatases is altered and
the hyperphosphorylated tau leads to impaired fat axonal transport and finally to
neuradagenaration. The neuratibrillary tangle patholagy matches both the arsas of
neuranal loss and the degree of cognitive deterioration. However, evidence presented
by a recent study has suggastad that tangle farmation could be secandary to altered
APP processing (Oddo et al., 2003).

PRESENILING {P55)

In 19495, ganes encoding P51 and P52 wera identified an chromosame 14 and
chromosome 1, respectively, and mutations of these genes were correlated with a
large number of FAD cases. To data, more than 150 pathelogical mutations of P51 and
only a few of P52 were detected in FAD cases, All these are missense mutations that
generate single aming acid substituticns in the protein primany structure, with the
excaption of P51 exan B deletion splice mutation (Popescu and Ankarcrana, 2000).

F31 and P32 are multipass membrane proteins sharng 0% amino-acid
saquance homalogy and ara predicted to contain € to B transmembrane TK) domaing
iDoan &t al,, 1996, Betwesn TM domains G and 7 they contain a large hydrophilic loop,
on the cytosolic zide of the membrane. The cyloplazmic loop includes the sites where
differant proteahytic cleavagas of PSs ocour. A physiological endoprataoiytic cleavage
by an elusive protease known as "presenilinase” cccurs within the exon 9 encoded
ragion of P3s, between residuas Thr,. and Ala,, (Podlisny et al,, 1987). Fram this
cleavage result & -30 kDo M-terminal fragment and a -20 kDa C4erminal fragment,
which accurulate in cells with a 1:1 stoichiometry and represents the main PSs
species in hurman tissues (Podlisny et al,, 1987). The NTF and CTF form a functional
hetercdimer, which is a part of a high molecular weight complex consisting of several
molecular partners (Nicastrin, Aph-1 and Pen-2) which axecutas the -secratase
cleavage of AFF described above ([Edbauer et al,, 2003},

PS5z are ubiquitous prateins, being identified in most human organs, e.q. brain,
lung, heart, liver and muscle (Okochi et al., 1998). Within the brain, PSs are presant in
variable amounts in all regicnz, mainly in the neocortex, hippocampal pyramidal
neurans and magnacellular basal forebrain neurons (Lea et al., 1996, areas primarily
affected by AD. Within the cells, PEs are mainly located to the endeoplasmic reticulum
(ER) and Golgi apparatus (Kovacs et al., 1998), but also to the nuclear anvelopeLiat al.,
1947), to the plasma membrane (Dewji and Singer, 1987) and to the mitochondrial inner
membrana (Ankarcrona and Hultenby, 2002).

A wealth of data shows that the main function of PSs consists in enabling
regulated intramembrans proteclysis (RIF) through v-secretase activity.



Preseniling are important during development since the cleavage of NOTCH and the
subsequent ganeration of NICD, a C-tarminal fragmeant af NOTCH involved in gane
regulation, is dependent on functional presenilin (Struhl and Greenwald, 1995,

Mutated PSz could cause FAD by triggering wvarious pro-apoptolic
mechanisms, which would be in agreament with the hypothesis that cell loss in AD is
due to apoptosis. Many reporis have shown that different PSs FAD mutations sensitize
calls to apoptosis trigoered by several stimuli. These data suggast that neurans
bearing mutant PSs are more prone to undergo apoptosis when exposad to stressful
stimuli, which could explain why FAD brains show extensive neurcdegeneration at an

early age,
AMMAPOPROTEIN E

In contrast to APP and PSs, which are detarminant genetic factors, a ganatic
risk factor for AD is the E4 allele of the apolipoprotein E [ApoE) gene. E4 baring
individuals have higher risk for developing AD and have lower age of onsat. Moreover,
brains of E4 AD cases present more severe plague and tangle pathology, but
inkeritance of E4 s not either essential or sufficient on its own to cause AD. The current
pathoganic scenarios claim that ApokE binds to Al and influences deposition formation
and that E4 allele associate with a dysfunction in lipid franspor which eventually
causes alteration of plasticity and synaptic integrity (Cedazo-Minguez and Cowlburn,
2001).

Frontotempaoral dementia

Frontotemporal dementia [FTD) iz the second moest frequent type of
neuradegenerative dementia. It seems that etiologically FTD is a complex disorder,
genetic factors contributing essentially to the disease process (Knibb et al., 2006). A
part of approximately 20% of FTD patients are characterzed by an autosomal
dominant inheritance and associates parkinsonizm, being defined as 'FTD and
parkinzonizm linkad to 17g21" (FTDP-17). Thase patients hawve mutations in the
microtubule associated protein tau (MAFT) gene and the neuropathological
examination of their braing reveals intracellular inclusions of tau protein (Froelich-
Fabre et al., 2004). Other 33% of FTD patients do not have tavopathy, but ubiguitin
inclusions at the neuvropathological examination. Mutations in tau gene lead to the
abnarmal intracellular aggregation of tau protein and a pragressive nedrenal loss.

Several disorders were identified to be linked to tau pathology (tauopathies, e.g.
Alzhaimer's disease, corticobasal degeneration, Hallervorden-Spatz disease. multiple
systern atrophy, progressive supranuclear palsy, subacute sclarosing

Panencephalitis, Down syndrome, dementia pugilistica, etc.), and in each of these
cases tau pathology was identified in the frontal brain lobes. Some of the tavopathies
associate senile plaguas as well [Alzheimer's disease, Down's syndrome, demantia
pugilistica).
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specific and activity-dependent manner, the efficiency of transmiszion of information
at a particular synapse can be up-raqulated (long-term potentiation, LTP) or down-
regulated (long-term depression, LTD) (Malenka & Bear 2004). Ageing affects bath
these processes. In the aged slices, the activation threshold required to induce
syraptic LTP is increased  only strong stimulations induces LTP in the aged brains,
wharaas a low amplitude stimulation, sufficient ta trigger LT in young animals, is
ineffactiva in aged animals [Foster & Kumar 2002; Rosenzweig & Barnes 2003). In
addition, aged rats are more susceplible than the younger animals o activation of LTD
and depotertiation, as aresult of a significart reduction in the LTD threshold (Foster &
Kumar 2002; Rozenzweig & Barnes 2003}, Both these changes can be explained by a
modification in the activity of a plasma membrane, Ca™-dependent K' channel that
miediates the recovery of the resting membrane potential following an action potertial
[ig, afterhyperpolarization) [Distaroft & Oh 2006). The fact that this channel is activatad
by increases in Ca” provides an important link with the metabolic substrates of
nauranal ageing, briefly discussed in the next section.

Y Mewronal network dysfunctien, We have recently demenstrated how subtle changes
in synaptic activity and neuronal communication can result in disruptions of whale
reuranal netwerks in a study that looked at the affect of ageing on brain ascillatory
activity (Vreugdenhil & Toescu 2005). Encoding and retrieval of episodic memaory
appears to be associated with synchronous neuronal activity in the 30-80 Hz frequency
band (v activity). These oscillations can alsa provide the means of a synchronization
clock, at amillisecond leved, necessary for the induction of LTP by a variety of excitatorny
inputs. When using a model of kainate (KA)- or cholinergic (CCh)-induced y oscillations
in brain shices, wa observed that in the aged animals, there was a dramatic decraass
[85%4) in the power of these ascillations, while the waveform, frequency specirum and
coherence of the oscillations were not affected by age. The theoretical model that
explaing the generation of such oscillations is guite complex, but our racent
unpublished observations indicats that changes in mitochendrial status and enhanced
Ca” signalling are responsible for the reduction in the power of the v oscillations in the
hippocampi of the aged rodents.

suhstrates of Ageing

1. Metahalic Thearies of Ageing. The preceding sections stressed the important fact that
the age-associated changesin brain function and cognitive performance are not dus fo
overt neuronal loss, but to subtle changes in synaptic distribution and synaptic activity.
Thus, any attampt to undarstand the intracellular substrates explaining neurcnal
ageing should not look for mechanisms that kill the neuronas, as is the case in the
majority of neurcdegenearative diseazes, but to modifications that impair only to a
certain degree the neuronal performance. For the last four decades, one of the most
important thaorias that tries 1o axplain ageing from a cellular parspactiva, has baan tha
“frea radicals theory of againg” (FRATA), that proposed that the stochasbc
accumulation of oxidaiive-stress induced damage, particularly in post-mitafic cells
such as the neurones, explains the metabolic impairment of aged tissues (Harman
1956}, Inthe B0s, two other theorias, the "mitcchondrial theory of ageing™ (Migueal at al.
1980} (MITA) and the "Ca’ theory of ageing” (Khachaturian 1984) (CATA), expanded
Harman's thesry by providing more spacific mechanisms of continuous generation of
frae radicals and pathways for inducing the damage. The curant view i5 that the
changes in the inter-relationship betwean the three main pillars of the intracelular
metabalic riad: “Ca®  mitochondria  fres radicals" s at the core of explaining the
ageing process (Toescu 2006).

2. Relationship hetween Ca™ homenstasis and mitochondrial statns. My laboratony has
been mainly studying the relationship between Ca® homeostasis and mitochondrial
function in the aged neuronas. The major prapasition of CATA was that chronic minor
disruptions of Ca™ homeostasis, exerted over long period of time, are leading to major
nauranal damagea. One reason for this view was tha amerging role, in the early B0s, of
Ca™ ions in mediating excitotoxic damage and eventual neuronal death. It is clear now
that, in fact, in all neuronal types the values of resting free Ca™* (Ca” ) are not affected by
age (Toescy et al. 2004; Verkhratzsky & Toescu 1998), Also, the increase inthe density of
voltage-operated Ca' channels, generating an increased Ca’' signal on neuronal
stimulation is applicable mainly to the hippocampal A1 nevrones, but net to cerebellar
granula neurcnas or to pergheral sympathetic nevrones (Toescu et al. 2004}, What is a
cansistent finding in all aged neurones is a significant delay of the rate at which Ca”,
raturms ta tha rasting levals fallowing a stimulation paradigm. Two machanisms havea
bean proposed to explain such cbservations. One invalves an increased participation
of tha intracedlular, andoplasmic Ca™ stores, thraugh the process of Ca™-induced Ca®
releasa (CICR) (Kelly at al. 2006; Toascu et al. 2004). Tha othar process involves
mitochandria, We and others have shown that in the aged cells, including neuranes, the
mitochandria are chronically depolarised (Hagen et al. 1997, Murchison et al. 2004;
Xiong et al, 2002). Mitochendria are an important Ca” buffer, particularly at higher
levels of stimulation, when Ca™ in increased significantly, and tha uptake of Ca™ is
dependent on the level of mitochondrial polarization, In experiments in which we hawve
used fluorescent dyes 1o manitor simultaneausly both the changas in Ca® and tha lavel
of mitochondrial depolarization (Xiong et al, 2004; Xiong et al. 2002} we have shown that
almast all increases in Ca™ are assaciated with a mitachondrial depolarization
rasponse, indicating tha intimate participation of the mitochondria in celular Ca®
homaostasis. In tha samea experiments, wa havea shown that in the aged naurones thera
was a significant delay not anly in tha rate of Ca™, recovery, but also in the capacity of
mitochandria to repolarisa fallowing the stimulation-induced depolarization, and that
these two parameters were closely correlated (Xiong et al. 2004; Xiong et al. 2002}, A
chronically depolarsed mitcchondrion, together with slower repolarisation capacity
would result in an increased  oytosolic Ca™ load. In addition, a dysfunctional
mitachandria compartmant will decrease the amount of ATP available to extrude Ca™
from the cytosal, a process that is dependent. ultimately, an the activity of plasma
mambrane or endoplazmic raticulum Sa™ pumps (PMCA and SERCA respectively],

Aninteresting experimental observation, and which has very important implications for
our understanding of the age-induced functicnal changes, was that the delay in the rate
of Ca” recovery depended largely on the levels of stimulation (Toescu & Xiong 2004),
With either non-specific depolarization or under glutamatergic stimulaticn, the aged
nauranes shaowed signs of dysfunctionality anly at higher levels of stimulation. Thus, the
aged neurones are perfectly capable of maintaining a good resting steady-state and
able to respond to 'normal’ levels of stimulation. Their susceptibility to damage became
manifest only at higher, excessive levels of stimulation, leading to the concepi of ageing
as astate of reduced homeostatic reserva (Toescu 2005)

Ageing and Nearodezeneration
If thereis a message to take home, from a basic sciencea researcher to a clinician, that is

that brain ageing is a nomal physiological state, not a pathological state. | is a state
Charactensed by a gradual decling in the homeastatic resarva, dafined as the capacity



Of neuranes to oppose the dastabllizing effects of metabolic stressors. Tha ward
“gradual” is of essance here, as the decrease in homeostatic reserve and the rasultant
functional changes take place over a long pencd [decades, inthe case of humans), The
role of the metabalic triad of Ca™-mitochandria-free radicals is central, but the aged-
inrduced changes are entirely compatible with the maintenance of nomal reuronal
viability. In contrast, in various forms of neuwrodegeneration, such as Alzheimer's
diseasa, Parkinson's disease, Huntingdon's or amyatrophic lateral sclerosis, in which
ageing is an impartant risk tactor, thara are spacific alterations, particularly a varety of
mutations in nuclear-encoded proteins with mitochondrial {e.g., PINK1, Parkin) or
metabolic {e.g., ApcE, preseniling) functions that are able to unbalance the decreased
hormecstatic resarva resulting in significant neurcnal loss.

An impartant implication of the fact that ageing is due to functional rather than
marpholegical changes, is that i cpens the possibilty that specific treatments with
agents that target particulary the mitochondria might bring about a significant revival of
tha aged naurons, and bring back a sharpar mind to the agad.
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Effective management of neurcpsychiatric symptoms may reduce caregiver
exagerated stress, may avoid patient hospitalization or may delay residential
placemeant improving the guality of life of both patient and farmiky.
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be carred out urgently. CT is very sensitive in the detection of extracersbral
haesmatoma and other intracranial abnormalities, although no formal CT classification
for MTBI exists. CT is a standard for the detection of life threatening [and cther
intracranialy abnormalities after MTEI and is recommendead in thosa with dacumeanted
LOC andfar PTA. It is considered mandatory in all patients with cartain clinical findings
105 13-14, or GGS 15 inthe presence of risk factors),

There are several symptoms, signs and risk factors azsociated with an increased
risk of intracranial injury: GC3 score at the time of hospital admizsion, presence of
parsistent anteragrade amnesia, retragrade amnesia longer than 30 minutas, trauma
above tha clavicles including facial ar cranial soft tissue injury, and clinical signs of skull
fracture (skull base- or depressed skull fracture), severa headache, nausea, vomiting
i 2 timas), focal neurological deficit, cranial nerve deficit, motor deficit, dysphasia,
saizura, age, coagulation disordars, high-anergy accident (dangerous mechanism of
injury}and intoxication with alcohol/drugs.

MRl may oe of value for the detection of structural brain damage in patients
without CT abnormalities. end especially in those with long-term complairts. Skull
radicgraghy is not recommendad for the evaluation of MTEBI becauze of itz insufficiant
value in tha detection af intracranial abnormalities in patients with MTEI but it may bain
use for skull fracture detectionif CT availability is limited,

During the inttial stage of management any patient with trauma should be
evaluated for surgical traurma with the assessment of the airways, breathing, and
circulation, and tha cervical spine. A nauralagical examination is obligatary and should
include the evaluation of the following parameters: consciousness level, prasence of
antercgrade or retrograde amnesia and/or disorientation, higher cognitive functions,
presence of focal neurological deficit {asymmefrical motor reactions or reflexes,
unilateral paresis or cranial nerve daficit], pupillary responses, blood pressure, and
pulsa rate, prasence of frontal lebe signs, cerebeallar symptoms, or sensory deficits,
Accurate history taking (incleding medication), preferably with information obtained
from a witness of the accident or medical personnel, is important to ascertain the
circumstances (machanism of injury) under which the accldant took place and to
assess the duration of LOC and amnesia.

Hospitals should have a protocal for resuscitation and triage of patients with
FATEIL Category 2 (GCS 15 + risk factors) and 3 (GCS 13-14 £ nisk factors) patients
should be admitied to a neurctrauma centra. CT is recommended for category 1
patiants (GCS 15, LOC < 30 min, PTA < 60 min, na risk factors) and is mandatary for all
category 2 and 3 patients, If GT findings are normal, adultt category 1 patients can be
discharged and head injury waming instructions should be given to the patient and
family membears, Compliance is greater if both verbal and written instructions are given.
A repeated CT should be considarad if the admission CT findings were abnarmal or if
risk factors are presant,

The main goal of clinical abservation is 0 detect, at an eary stage, the
development of extradural or subdural haematoma or diffuse cerebral cedema. A
sacondary goal is to determine the duration of PTA. A distinction should be made
batwean disorientation and amneasia becauss the two do not always disappear at the
same ime. A complete neurslogical examination is mandatory after admission and
should include assessment of the GCS. Repeated neurological examination should be
carriad out, its frequency being depandent on the clinical condition of the patient. The
patiant should ba examined every 30 minutas and if no complications or detanoration
aceurs, every 1-2 hours, If detenoration occurs, possible intracranial causes should be
evaluated with repeated CT.

Mo strict recommendations can be given forthe need for or duration of bed rest.

Early graded resumption of activities {including return to work) is probably the
best strategy taking inte account the patient's age. dominated symptoms and
concomitant naurological and somatic disorders.

It i= recommendead that all patients in MTEI category 3 who have been admitted
to haosgital should be seen at least once in the cutpatient clinic in the first two weeks
after discharge. Patients with head injury who are discharged immediately provided
with instructions should contact their general practitioners, who can decide about
refarring the patient ta the neurclogist if complaints persist,

Fatiants with MTBI have only a shightly increased risk of developing posi-
traumatic seizures including early (occurring in the first week) and late post-traumatic
zaizures. Early and immediate seizuras are likely to have a different pathogenesis than
lata saizures: eary posi-traumatic selzures ara thaught to ba a nonspecific responsa 1o
the physical insult. Prophylactic antiapileptic treatment in this case is not warranted. If
recurrent seizures ocour, treatment is probably necessary and altemative explanations
ii.z., delayved haematoma, Wermnicke-Korsako® syndrome, alcohol withdrawal or
alectrolvie disturbances) shoukd bataken into account.

Concamitart mild and moderate alcohol intoxication (Al) seems to produce a
complex dual effect on the spactrum of clinical symptoms of MTBI. Patients with Al
demonstrated more extensive and frequent disorders of consciousness and amnesiain
comparizon with MTEI patients without Al Patients with Al are less able to confirm such
disturpances of consciousness and memary by thamsetves. MTBI patients with Al
demenstrated a relatively favourable recovery from subjective symptoms of autonomic
dysfunction and headache. Al seems to decrease the "concussion threshold”,
simultanecusly producing some neuraprotective influence on brain mechanisms and
contributing to patients’ recovery aftar the MTBI, though the spectrum of symptoms
after the trauma may be wider, Blood alcohol concentration should be taken into
account, Alcehal concentration should be calculated for the moment of the accident.

Different groups of medications may be used in acute and remote pericds of
MTBI [simple analgesics, beta-blockers, vasoactive and neuragrotective drugs,
antideprassants, antiepileptics, major tranguillizars and benzodiazapines, ato
according to circumstances and indications, But there is na consensus in regard to
optimal evidence-based phammacological treatment in MTEBI patients. The majority of
all thasa medications can cauze some adverse affects and impair racovery. Eary post-
traurmatic headaches are common and should be treated with simpla analgesics,
though these are not ahways as effective as just the passage of time. Paracetamol with
or without codeine or non-steroidal anti-inflammatory druegs can be helpful. When
headaches persist for longer, traditional headache prophylaxis may be required. Daily
analgasia should be aveided to prevent the emergence of rebound headaches. Early
past-traumatic global or hemicranial headache which persists and worsens shauld
prompt CT brain scanning just @ rnule out the cutside possibility of subdural
haematoma. but delayed onset of headache (2 or 3 weeks after injury) rarely demands
investigation. Localized head pains may require specific imaging or refarral to
aphthalmologist or otolaryngalogist. Early localized neck muscle tendernass is
commaon when thers is associated whiplash and it will usually settle spontanaously,
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Neuraprofectants with absolnte mechanismis:

Meurotrophic Factors
Meuratrophic Factors like molecules
Some classes of Cytokines

Brain trauma resulis in brain damage and dysfunction from both primary injury
(due to biomechanical effects] and subsequent secondary injury due to activation of
pathophysiolegic cascadas.

Secondary damage consists of many complex biochemical and callular
pathways that influence progression of the primary injury, In reality, brain damage
develops sequentially [about one third of the patients who died after severe head injury
have been awake and cooperative at zome point after the impact), inftiated
neuropratective treatment approachas aiming at tha interruption of
pathophysialogical mechanisms leading o secondary brain injury,

Over the past decades our understanding of the pathephysiology of TEI has
greatly increased and based on this understanding numerous phamacological
tharapies have been developed, tested and proven effective in the treatment of
expearimantal TBI.

The new knowledge of the neurobiclegy and nevropharmacolegy of TEI shoukd
not divert our attention from the abselute importance of comecting hypoxia,
hypatansion, raised intracranial pressure and other causes of secondary ischamic
msult,

Alsa we shoulkd not be discouraged by negative results and difficulties in
previous clinical trials, but continue our seanch for effective neuroprotective drugs for
TBI patients, better approaches and new clinical designs in order to further improve
auteoma.

Fxcitatory nenrotransmitter antaganism

High concentrations of extracellular glutamate have been demonstrated in both
exparimental modals and clinical patients with TEL.

Experimental rasearch identified a number of glutamate antaganists acting
eitner pre- or postsynactically ionofropic (NMDA, AMPA, etc) or metabotropic
recestors, ina competitive, noncompetitive or modulating way.

Traxeprodil, a second-generation NMDA antagonist that salactively targets
MNMDA receptors containing the MR2E subunit, has bean avaluated in a clinical frial.

The molecule was well tolerated and, although not statistically significant,
rezulted in increased favorable cutcome and reduced mortality, which was mone
pronauncad inthe more savers subsal of patients,

Nexanahinol s a synthatic cannabinoid without psychotropic activity, but
strong neuroprotectant (due fo antiexcitotoxic, antioxidant and anti-inflammatary
properties). This drug was recently evaluated in a phase |l trial and found safe, but not
afficacious inthe treatment of TBI. Efficacy of blacking excitotoxic responses following
T8l as well as other insults to the central nervaus systam, to date, remains unproven.

WMagnesinm - One ofthe great advartages of magnesium, is its pleiotropic effect.

Daspita all this evidence concerning the nedroprotective effects of magnasium, a
racertly completed randomized double-blind frial evaluating the efficacy of a 5-day
continuaus magnesium administration in 499 patients with moderate or severe TBIwas
unable to show neuraprotectve effects.

Mitochendrial dvsfunction

Mitechondrial dysfunction can be attenuated by inhibitors of mitochondrial
parmeability transition such as cyalaspornin A and its derivativas.

Eased on preclinical data cvolosponn A has been evaluated in two phase | clinical

trials. and was found to improve cerebral perfusion pressure and cerebral metabolism,
as avaluated with microdialysis.  Cyelosparin Als considerad safe in TBI patients, and
its CSF pharmacokinetics in tha injured central nervous system have been alucidated,
supparting the initiative for a phase Il clinical trial, which is currenily being designed.
In experimertal research, blockage of M-type voltage-gated calcium channels by
Ziconotide (SMX-111) has bean shown to induce partial restoration of mitochondrial
function, but a clinical trial was terminated prematurely bacause of increasad mortality
inthe freatment group.

Erythropoielin

Erythrapaiatin has been shown to ba nauraprotective in experimental madals of
stroke, and following expenmental TEI,

A double-blind proof-of-concept trial showed no adverse ewvents, and
suggested improved functional outcome in ervthropoietin- treated patients.
Thesa resulis prompled a multicentar phase 1A trial in stroke patients, as weall as an
additional phammacokinetic study evaluating CSF erythropoietin following systemic
administraticn.

In TEIl, arandemized phase | clinical trial is cumrently ongoing inWisconsin, LUSA.
This trial focuses primarily on maderate TBI patients, and instead of using the
GlasgowOutcome Score evaluates neuronal cell-death markers as a primary outcome
MEasUre,

Hormunes

A larga meta-analysis suggests that no differences in outcamea betwean men
and women exist in outcome fallowing TEI

Both progestierone and alloprezmanclone improve neuronal survival and functional
racovary following axparimantal TEI.

A phasa || clinical trial which concluded that no serious adverse evants occurred
due to progesterone administration in TBI patients. In moederate TEI survivars treated
with progesterone, the outcome was betterthan inthose treated with placebo.

Bradykinin antagenisls

Specific inhibition of the B2-bradykinin recaptor is considered a promising
strategy for neuroprotection. A phase | clinical trial to investigate the pharmacokinetics
of Anatibant, was conducted and published. Currently, a phase || safety study is being
conducted on 500 patientz with TBL



Nitric oxide and inhibitors of nitric oxide svnihases

Mitric oxide is a key factor in the development of secondary injury baing
patentially neurctoxic,

Clinical studies, however, failed to show benefit. A new drug currently under
investigation i the compound WAS203, a structural analog of S67E-tetrahydro-I-
biopterin (BH4), the endagenous cofactor of NOS, and one of the most patant inhibitors
of NOSs discovered 5o far,

Most clinical trials of neuroprotective agents in stroke, travma and
neuradegenerative disorders are likely to fail in large part because of problems that
begin during preclinical development and continue through to the clinical trial design
phass and beyond.

Preclinical stage

In the preclinical stage, therapies are often tasted on healthy, young animals
under ngorously contralled laboratory conditions. Tha treatment is not adequately
tested (for example, by multiple investigators in different TBI and stroke models) before
itis browght to clinical trial.

Climical Trial Stage

In thiz presentation we will highlight the comparison between stroke and TBI,
Comparnsen between the management of stroke and of traumatic brain injuny:

Brroks tvpe TRI type
Btroke severity TBI seventy
ldentifying the Ischemic Penumbra
Time window for drug sdmimistration Tirne window for drug sdministrtion
Combination therapy Combination therapy
Duosing regimen Dhosing regimen
Statistical power Statistical power
Study ouicomes Study outcomes
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Brain-zpecific proteins, in particular S1005 and neurcn-specific enolase, may be
raleased into the circulation after TBIL Sarum lavels of 510006 are highar in patiants with
intracranial pathology and comelate with clinical outcome and the severity of primary
and secondary brain damage(38;38). Undetectable or normal serum levels of S100R are
predictive of normal infracranial findings on CT, and thues S100E could be usad to select
patients for CT after MTBI38;40). These results bava to be confirmed in large
prospeciive studies, Although this finding has already been questioned: normal serum
S100p levals may be present after epidural haematoma [Unden, 2005 3250 /d). In the
future, this may be of relevance in the medicallegal context to prove that the acute
symptoms and signs andfor the long-term disability or neurapsychalogical
impairmants after MTBI are indead a consequence of structural brain damage ar of
paychological stress in reaction to the event, aleohol intoxication, pre-esistent
disorders, systemic injury, or other causes.

Biomarkers of injury severiey or with predictive ability for outeome in frawmatic brain injury

Bromurker Type | Biomarker| Locabion Compurtment Reference
Meuranal MNSE Cvtoplasm of CSF/Blood (25270
[nieace]lular HEEIHLEE

platelets,blond colls
Myelin MEBP Mvelin protein CS5F 42}
Mxomal Tan hicro tubule C5F Blood (42}
ussotatbed
SEDP Axonal skeleton CSFBlond (44}
Calial S Asiroglial CSFRlond (23.24)
bone marrow
subcutangous far
skeletal muscle
CiFAP Astroglial skeleton | CS5F/Blood 17}

Table, Ahbreviations: NSE=Neuron Specific Enolase; MBP=Myelin Basic
Proctin:SROFE 1*:!:-.'l trin breakdown |||-.'-:'.|:: i rFAP=(ilia Filu i"':l::;' Acidic Protein

Pathaphvsiology of hrain specific proteins

As mentioned before the use of perpheral blocd for the determination of brain

damage bicmarker levels is prebably advantageous beause it is easier to obtain and
does not bear the sk of infection of the ceniral nervous svstem. Comparad to CSF,
cver time the S100p wash-out patterns are similar although peak levels are
delayad(45).
Brain specific proteins may enter the circulation via various routes and it s2ems that
serum 31000, GFAP and 1o a lesser axtent NSE levals differ ascording te lacation and
type of the damage with higher levels if intraparenchymal damage is present or in the
prasence of intraveniricular blood as compared to the location of blood in the
subarachnoidal space(d8). Several explanations axist 1; lron, which is cortained within
haemaglobin, causes a reactiva astrocytosis with the release of 51000 and GFAP[45).

2: Prasence of intracerebral blood leads to increased astrocytosis comparad to tha
presence of blood limited o the subarachnoid space anly, Upen brain tissue damage
(neuronal and) glial proteins are released from brain cells and subsequently appearin
the syatemic circulation, either directly via paszage through the disturbed blood-brain
barrier or indirectly via release into the CSF followed by absorption through tha
intraventricular choroid plexus or via arachnoid villi inta the cerebral sinuses.
Simultaneous ranspaort of 31003, GFAP jand N3E) via both the direct and the indirect
pathways results in higher serum concentrations than transport through the indirect
pathway alone. Several other factors may also affact protein CSF and serum levals: tha
distanca batwean the affacted brain and the C5F compartment, the severity and axtant
of the damage, degradation of proteins by proteinases ether locally or in the C5FAT).
The role of medication on protein serum levels is unknown but acute akcohol
intoxication daes not influence measuremants of 5-100f and NSE in patients with mild
e injuirya8: 45,

MSE is mainky found in newrons, while 31005 and GFAP are found in astroglial cells.
S100R is a functional protein located in the cytoplasm, GFAP is a structural protein of
the cytoskeleton, Since the brain specific proteins are derved from different cell tyvpes
with diffarent molecular weights (S1008=21 kDa, GFAP=50 kDa, MSE=30 kDa) which
may affiect the dynamics of redease and transport over specific barriers, the timing of
sample acquisition is also important(4T). Indeed sarial sampling has revealed diffarant
releaze patterns of 51008 and GFAP afterizchemic stroke{20). Arecent study showed a
non-gignificant increase in serum ST00R level on day 2 compared to day 1 after
SAH(45). A short lasting release of 5-100§ in serum was found in soccer playars 60-360
minutes after repetitive heading(30). The time to sample withdrawal varied extensively
i our patient group between 0.5 and 56 hours, partly due to the fact that some patients
were secandary referrals.
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