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We welcome you to this new issue of Archives in Clinical Neurology where you can find
four interesting papers addressing topics with significant impact on everyday practice of
Neurology. We thank the authors for their contributions and we thank our reviewers whose
valuable comments contributed substantially to the improvement of the manuscripts. Most
of all we thank you for your keen interest and support which keep our Journal advancing
and prospering.

Baldouma et al. evaluated depression in 94patientswith multiple sclerosis (MS) and their re-
spective caregivers and investigated the reciprocal impact of depressive symptoms between
the two groups. They concluded that depressive symptoms in caregivers, appear to impact
negatively on patients’ depression initiating a vicious circleof mutual depressive interaction
between the cared and the carer. This paper underscores the importance of a holistic ap-
proach encompassing MS patients and their families in everyday practice.

In an elegant review Eleftheriou et al. summarize the key points of the clinical picture, of the
pathophysiology and of the diagnosis of idiopathic normal or (more accurately) low-pressure
hydrocephalus (iNPH). The authors describe the controversial use of CSF biomarkers to set
the diagnosis and highlight in educative manner the more reliable imaging features of iNPH
focusing on Radscale.

Ntais et al. present an exciting case of a patient who suffered a middle cerebral artery infarc-
tion while on dabigatran for chronic atrial fibrillation. The patient underwent uncomplicated
intravenous thrombolysis with alteplase following reversal of dabigatran activity by idaru-
zicumab. This unique case highlights the dilemmas associated with the acute reperfusion
strategy associated with the growing numbers of patients taking direct oral anticoagulants
and reminds us the need for prespecified protocols in particular and less often encountered
clinical scenarios.

The issue closes with an excellent narrative review by Katsimanis et al. on the benefits of
physical exercise on mental disorders. The authors summarize the main neurobiological
mechanisms through which exercise may influence the course of mental diseases and provide
useful suggestions regarding the optimal parameters a physical training programme should
include to maximize clinical gains.

We address you our warmest wishes for Happy Christmas and a (neurologically) fruitful New
Year and we are sure that you will enjoy reading the issue as much as we enjoyed preparing it.

Theodoros KarapanayiotidesMD, PhD, FESO
Associate Professor of Neurology
Avristotle University of Thessaloniki
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ApOpa...
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vV anowewv kai Béoewv tou ouyypapéa and ty Zuviakukn Emitponn n ty ENE»

«TO MEPIEXSIEVO TWV KATaxwpnoewy gival EUBUVN TV ETAIPEIDY MOU avapepovial
Kai oQeiel va akoNouBer tis npoBAendueves vOuILES MPoUnoBEoeis»

«H xprion epyaneiwv, KAIUdKwY kai NoyIouIKOU MoU avapePETal atis epyaoies eival euBuvn
WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»
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2YZXETIZH THZ KATAOAIWHZ TQON OPONTIZTQN
AXOENQN ME NOAAANAH ZKAHPYNZH
ME TA ZYMINTQMATA KATASOAIWHI TON AXOENQN
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Xnupibwv Kovitoiwtns, MD, PhD', Ywthpios avwénoudos, MD, PhD' 34

" Tunua Neuporoyias, latpikn Zxonn, Exonn Emotpwyv Yyeias, MNaveniotipio lwavvivwv
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MNepiAinyn

Eicaywyn: H aflondynon ts katdBAiyns o€ aoBeveis pe MoAdanin ZkAnpuvon (MX) Kal wwv aviiotoixwy
PPOVUCTWV ToUs Kal n dlgpedvnon tns enfdpacns twv KataBAINTUKOY CUPNTWHATWY WV GPOVICTOV Otd
kataBAinukd cupntdpata wwv acBeviv Kal aviotpoea.

MéBobos: ZupnepindBape dedopéva and 94 aobeveis pe MZ kal Tous PPOVUCTES Tous. AEloAoyhoape v
KatédBAiyn twv acBevav pe ML Kal Twv GPOovUoThV Tous, xpnalponoldvias v HAM-D (KAipaka Hamilton
yia v KatdBaign). H extpnon tou BaBuol avannpias twv acBeviv npayuatonoBnke pe tnv KApaka
EDSS (Kurtzke Expanded Disability Status Scale).

Anotedéopata: H katdBAiyn otous ppovuotés aobevav pe ME ouoxetletal apvnuKa pE 10 HOPPWTUKO
eninedo kal Beukd pe 1o yuvaikeio puio. inv noAunapayovukh avéiuon nafivdpdunons n katdBAiyn twv
00Bevv ouoxeTiCetal aviiotpopa pe T0 HOPPWTKS Tous eninedo (ouviedeotns = -1.88; 95%Cl -3.16, -0.61;
p = 0.004) kal Beukd pe 1o Pabud avannpias tous (cuviedeoths = 1.04; 95%Cl: 0.49, 1.59; p < 0.001). Ze
avtiBeon Pe Tous PPOVUOTES, Ta KAtaBAINTKE cUPNIMPATA Twv aoBevdv oUoxetiotnkav aveEdptnta pe
KataBAinukd cupntdpata twv ppovuctv (cuviedeoths = 0,29, 95%Cl: 0,11, 0,47, p = 0,002).

Iupnépaopa: Ta cupntpata katdBiiyns twv GPOVICTWY, Ta onoia gaivetal va €Xxouv apvntikd avtiktu-
no otnv katdBAiyn twv acBevav Ba npénel va napakodouBolvtal Npooekukd Kal va avupetwnidoval, yiau
pad pe tnv enIBApuvon twv GEovoTwV ol Puxodoyikés duokonies unopolv va eNNPEAcOUY ApvnTKA Tov
unootnpikukd tous pdo evd auavouv ta kataBAINUKE cupntdPata twv acBevdv pe apvnukd aviiktuno
otnv nolétnta {whs Tous Kal npocappoyn otnv M.
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DEPRESSION IN CAREGIVERS OF PATIENTS
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Abstract

Background and Purpose: To evaluate depression in a consecutive sample multiple sclerosis (MS) pa-
tients and their respective caregivers and to investigate the impact of caregivers’ depressive symptoms to
the patients’ depressive symptoms and vice versa.
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Depression in caregivers of patients with multiple sclerosis is associated with patients’ depressive symptoms

19

Methods: We included data from 94MS patients and their consecutive caregivers.We assessed the
depression of MS patients and their caregivers using the HAM-D (Hamilton Scale for Depression). The dis-
ability status of the patients was assessed using the EDSS(Kurtzke Expanded Disability Status Scale).

Results: Depression in caregivers of MS patients is negatively correlated with education status and
positively with female sex. In multivariable linear regression analysis on the association of baseline char-
acteristics with patients’ Hamilton scale scores the patients’ depressive symptoms were also found to be
inversely correlated with a higher education level(coefficient = -1.88; 95%Cl -3.16, -0.61; p = 0.004) and
positively associated with the patients’ disability status, assessed with the EDSS score (coefficient = 1.04,
95%Cl: 0.49, 1.59; p < 0.001). Opposed to caregivers, patients' depressive symptoms was independently
correlated to the caregivers' depressive symptoms (coefficient = 0.29; 95%Cl: 0.11, 0.47; p = 0.002).

Conclusion: Caregivers depressive symptoms, which seem to have a negative impact on patients’ de-
pression should be carefully monitored and treated, because together with burden and caregivers psycho-
logical difficulties can affect negatively their supportive role while increase patients depressive symptoms

with negative impact in their quality of life and adjustment to MS.

Key words: multiple sclerosis, disability, caregivers, depression

Introduction

Patients with MS have an increased incidence of
neuropsychiatric disorders, with depression being
one of the most common among them (Henry et
al., 2019), with a life-time prevalence estimated at
around 50% (Papparigopoulos et al., 2010). MS pa-
tients seem to experience more frequently severe
depression than patients affected by other severe
neurological diseases (Wallin et al., 2006) with sui-
cide rates two-fold higher compared to those re-
ported in the general population (Bronnum-Hansen
et al., 2005). Severe depression affects 15.7% of
MS patients, compared with 7.4% in the general
population and 9.1% in people suffering from other
chronic disorders, suggesting a direct effect of MS
on the depression (Henry et al., 2019). In a recent
meta-analysis, the annual prevalence of a depressive
episode is reported to be almost three times greater
compared with the general population (17% versus
6%) while the mean prevalence was 30.5% (Boe-
schotten et al., 2017).

Depressive symptoms have an important negative
impact upon quality of life (Feinstein et al., 2007),
cognitive functions, adherence to treatment (Alba-
Pale et al., 2017), compromised social functioning,
and more somatic complains, increasing the need
for health services (Henry et al., 2019) and increased
suicide risk (Boeschotten et al., 2017). Although the
causes of the high rates of depression in MS are not
well understood, many factors are supposed to be
implicated in its etiology: Brain lesions immunological
changes, the unpredictable course of the disease,
disability due to the disease, lack of social support
and inadequate caregiving (Boeschotten et al., 2017).
Depression is considered to be, after disability, the
most important factor regarding the patients quality
of life (Berrigan et al., 2016).

In a previous study (Petrikis et al., 2019), where
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these patients and their caregivers were also includ-
ed, we found high rates of clinical depression in care-
givers, with very severe depression (HAM-D score >
23) reported in 12.2% (N = 16), severe depression in
3.8% (N = 5), and moderate depression in 9.2% (N =
12) of the caregivers. Depression was negatively cor-
related with both physical health status and mental
health status, and positively correlated with fatigue
and caregiver stress. The aim of the present study is
to evaluate the impact of caregivers depression to
the patients depressive symptoms and vice versa.

Materials and Methods

Setting, study design, and subjects

Ninety four patients with MS and their correspond-
ing caregivers, wereprospectivelyenrolled in this study.
Their baseline characteristics are presented in Table 1.
The MS patients were recruited from the Department
of Neurology, University Hospital of loannina, Greece
from October 2016 to March 2017. The inclusion
criteria for the patients were: (1) having a definite
diagnosis of MS, (2) being stable at the time of the
study (defined as no change in the Kurtzke Expanded
Disability Status Scale [EDSS] in the 3 months prior
to study enrolment), (3) needing a caregiver to help
them in everyday life, and (4) able to understand the
aim of the study and give informed consent. The ex-
clusion criteria for the patients were: (1) acute phase
or relapse of MS, (2) change in the EDSS score during
the previous 3 months, (3) coexistence with another
disabling disease not related to MS, (4) diagnosis
of dementia according to Diagnostic & Statistical
Manual of Mental Disorders -5 (DSM-V) criteria, (5)
history of alcohol or substance abuse, or (6) refusing
to give informed consent.

For the caregivers, defined as the persons who pro-
vided informal care on a regular basis, the inclusion
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Table 1. Baseline characteristics of patients with multiple sclerosis and their corresponding caregivers

Caregivers (n = 94) Patients (n = 94) p-value

Age (years, mean+SD) 52.2+12.3 43.0+12.0 <0.001
Females (%) 46.2% 62.2% 0.103
Education

- <6 years 27.7% 16.0%

- 7-9 years 12.7% 8.5%

- 9-12 years 26.6% 39.4%

->12 years 33.0% 36.2%
Profession

- Household 10.6% 17.0%

- Retired 31.9% 37.2%

- State employee 12.8% 14.9%

- Private employee 8.5% 8.5%

- Freelance 17.0% 7.5%

- Unemployed 5.3% 7.5%

- Farmer 13.8% 3.2%

- Student 0% 4.3%
Years of care(mean + SD) 95+59 -
Years since MS diagnosis (mean + SD) - 9.7+6.4
EDSS score (mean + SD) - 3.9+2.0
Hamilton score (mean + SD) 7.8+59 11.1+6.3 <0.001

criteria were: (1) living with the patient and being
responsible for his/her everyday care and well-being,
and (2) not being paid for caregiving.

The complete study protocol was approved prior
to study initiation by the Ethics Committee of the
University Hospital of loannina. Written informed
consent was obtained from all patients and caregivers
prior to study enrollment.

Methods

Caregiver assessments

Caregiver depression was assessed using the Ham-
ilton Scale for Depression (HAM-D). This scale consists
of 21 items, with the score being based on the first
17: 8are scored on a 5-point scale ranging from 0
(not present) to 4 (severe), and 9 are scored from O
to 2.For evaluating the HAM-D scores, we adopted
the severity ranges for the HAM-D reported by Zim-
mermann et al. as follows: no depression (score of
0-7), mild depression (8-16), moderate depression
[17-22], and severe depression (=23). We used vali-
dated Greek versions of HAM-D (Stathopoulou et
al., 2011).

Patient assessments
- The EDSS was applied by an experienced neu-

rologist to rate the disability status of each patient
(Kurtzke et al., 1983).

Statistical analysis

We presented all dichotomous variables as percent-
ages and continuous variables with their mean values
and corresponding standard deviations. Baseline char-
acteristics between patients and their caregivers were
compared with the use of paired t-test (continuous
variables) and McNemar test (dichotomous variables).
We performed independent multivariable linear re-
gression analyses for patients and their caregivers to
investigate for potential correlations between avail-
able baseline characteristics and the depression status
(assessed with the Hamilton depression scale) for
each group. Per study protocol we also assessed with
linear regression analysis the association of patients’
Hamilton depression scale scores with the caregivers'’
Hamilton depression scale scores, and vice versa.
All baseline characteristics that contributed to the
outcome of interest in the initial univariable analyses
at p values <0.1 were included in the multivariable
model as candidate variables. The final variables that
were independently associated in the multivariable
regression analyses with the outcome of interest
were selected by backward stepwise selection pro-
cedure using a p value <0.05. All statistical analyses
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Figure 1. Hamilton Depression Scale scores of patients with multiple sclerosis and their corresponding

caregivers
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were performed with the use of the Stata Statistical
Software Release 13 for Windows (College Station,
TX, StataCorp LP).

Results

We had available data for 94 patients with MS and
their corresponding caregivers. Compared to their
caregivers MS patients were significantly younger
(52.2 £12.3v5.43.0 £ 12.0; p < 0.001) and had
higher Hamilton depression scale scores (11.1 + 6.3
vs. 7.8 £ 5.9; p < 0.001; Figure 1). Other available
baseline characteristics for both groups are presented
in Table 1.

In multivariable linear regression analysis on the
association of baseline characteristics with caregivers’
depression status (Table 2), female sex (coefficient =
4.64;95% Cl: 2.53,6.75; p < 0.001) and caregivers’
level of education (coefficient =-1.02; 95% Cl: -2.01,
-0.03; p = 0.043) were found to be significantly as-
sociated with their depressive symptoms assessed
with the Hamilton scale for Depression. Interestingly,
no independent association between the caregiv-
ers’ and patients’ Hamilton scale scores was evident
(coefficient = 0.14; 95% Cl: -0.32, 0.32; p =0.108).
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In multivariable linear regression analysis on the
association of baseline characteristics with patients’
Hamilton scale scores (Table 3) the expressed pa-
tients’ depressive symptoms were again found to
be inversely correlated with a higher education level
(coefficient =-1.88; 95% Cl -3.16, -0.61; p = 0.004)
and positively associated with the patients’ disability
status, assessed with the EDSS score (coefficient =
1.04, 95% Cl: 0.49, 1.59; p < 0.001). Opposed to
caregivers, patients’ depressive symptoms was inde-
pendently correlated to the caregivers’ depressive
symptoms (coefficient = 0.29; 95%Cl: 0.11, 0.47; p
=0.002; Figure 2).

Discussion

In this study we found caregivers depression to
be positively associated with female sex and nega-
tively associated with education level while patients’
depression was positively associated with disability
status and negatively associated with education level.
Patients’ depression —but not caregivers’ depression-
was independently correlated to the caregivers’ de-
pression.

The relationship between MS severity and depres-
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Table 2. Univariable and multivariable linear regression analysis on the association of baseline characteristics

with caregivers’ depression status (assessed with the Hamilton Scale)

UnivariableLinear RegressionAnalysis | MultivariableLinearRegressionAnalysis
Variable coefficient (95%Cl) p coefficient (95%Cl) o]
Age 0.092 (-0.005, 0.189) 0.062 0.533(-0.047, 0.154) 0.296
Female sex 4.064 (1.852, 6.276) <0.001 4.640 (2.533, 6.748) <0.001
Education -1.315(-2.289, -0.342) 0.009 -1.019 (-2.007, -0.031) 0.043
Years of care -0.073 (-0.280, 0.135) 0.488 - -
Patients’ Hamilton scale score | 0.231 (0.044, 0.419) 0.016 0.143 (-0.319, 0.318) 0.108

Figure 2. Scatterplot on the association of Hamilton Depression Scale scores of patients with multiple
sclerosis and the corresponding Hamilton Depression Scale scores from their caregivers
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sion remains unclear, with some studies reporting a
positive association (Chwastiak and Edhe, 2009) and
others none (Moller et al., 1994; Pronvinciali et al.,
1999). Recently, Kalron et al. (2018) reported a posi-
tive correlation between self-perception of walking
and depression but not between quantitative gait
parameters and depression. Ensari et al. (2017) found
an association between depression and disability in
MS patients while Lewis et al. (2017) found a direct
relationship between actual disability and depression
and perceived disability and suicide ideation.

7 EAAHNIKH
H NEYPOAQTIKH
2=J ETAIPEIA

Higher level of education is negatively associated
in both patients’ and caregivers’ group with lower
depression levels. Nakasawa et al. (2018) suggest
a higher level of resilience as a possible explana-
tion for lower depressive and anxiety symptoms in
MS patients. Higher education could have a positive
impact in psychological factors such as stress coping
and self-esteem, notably associated with resilience.

Social support is of the utmost importance for
patients in order to cope with stressful life events and
has a positive impact on physical and mental health.
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Table 3. Univariable and multivariable linear regression analysis on the association of baseline characteristics

with patients’ depression status (assessed with the Hamilton Scale)

UnivariableLinear RegressionAnalysis | MultivariableLinearRegressionAnalysis

Variable coefficent (95%Cl) p coefficient (95%Cl) o]

Age 0.243(0.147, 0.340) <0.001 0.100(-0.017, 0.217) 0.093
Female sex -1.765 (-4.434, 0.902) 0.192 - -

Education -2.766 (-3.875, -1.658) <0.001 -1.883 (-3.158, -0.608) 0.004
Years of MS 0.074 (-0.128, 0.276) 0.467 - -

EDSS score 1.324(0.722, 1.927) <0.001 1.042 (0.494, 1.589) <0.001
Caregivers’ Hamilton scale score | 0.265 (0.051, 0.480) 0.016 0.291 (0.113, 0.469) 0.002

It reduces morbidity and mortality and increases qual-
ity of life in the chronically ill. Significant others and
especially caregivers are the most important social
support providers (Henry et al., 2019).Poor perceived
social support has been strongly correlated with de-
pressive symptoms (Jensen et al., 2014; Henry et al.,
2019). Caregivers with depressive symptoms possibly
fail to respond properly to their supportive role. The
depression of caregivers may have a direct effect and
also an indirect, through their defective supportive
role, in patients’ depression.

Only two studies so far have investigated possible
associations between MS patients and caregivers de-
pression. Labiano-Fontcuberta et al. (2015) consider
severity of MS patients depression to be a significant
predictor of caregivers depression while Giordano
et al. (2012) found in a sample of 251 persons that
patients’ depression was significantly associated with
caregivers depression. Studies regarding other chron-
ic disabling neuro-psychiatric disorders such stroke
(Cameron et al., 2011), report that baseline depres-
sive symptoms of caregivers were associated with
more depressive symptoms in the patients’ group
(Klinedinst et al., 2009) while Cameron et al. (2011)
found an association between patients’ depression
and family caregiver depression during the first two
years of caregiving.

The cross-sectional study design and the limited
sample size are two limitations of our study that
preclude us from drawing general conclusions. Fur-
ther studies in his direction will shed light to the
complicated relationships between MS patients and
their caregivers.

Conclusion

Caregivers depressive symptoms, which seem
to have a negative impact on patients’ depression
should be carefully monitored and treated, because
together with burden and caregivers psychological
difficulties can affect negatively their supportive role

Archives of Clinical Neurology 31:6-2022, 18-24

while increase patients depressive symptoms with
negative impact in their quality of life and adjust-
ment to MS.
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NMASGO®YZIOAOIIA, BIOAEIKTEZ KAI AKTINOAOTIKA
EYPHMATA TON IAIONMASGH YAPOKE®AAO
OYZIOAOTIKHE MNIEZHL

Avbpéas EAsuBepiou’ ?, lwdvva Toavi{adn', ABavaoia ABavaodkn', XtéAna ®avoupdkn', Xapadaunia Xaoiporodnou', Xpuoa ApBavitn',
Jtaupoura Yaddkou', lwdvvns T{dptos', Avaotdoios Mnovdkns', Zwtripios MNavvénounos’, lewpyios I1. MNapaokeuds’

' B Neuponoyikn Kivikn, EQviké kai Kanobiotpiakd Maveriotipio ABnvayv, Maveromnuiakd Noookouegio «ATtkov»
2 Tunua Neuponoyias kai Tunua Bioiatpikav kai KAvikawv Emotnucav, Maveniotnuio Linképing, Younbia

MNepifinyn

O 1610nabhs udpoképanos ualonoyikhs nieons (INPH) eivar pia vooonoyikh ovidtnta nou epgavietal ou-
xv@ o€ nAiKiwpévo NAnBuoud npokanmvias diatapaxh otn Badion N/kal otnv I0opPONIa, YVWAOTKA EKNwon
Kal akpdteia oUpwv. O ennofacpds tou iINPH eivar nepinou 3,7%. Yndpxouv nofdofl acBeveis ol onoiol
bev AapPavouv noté BanBida. Autd ogeifetal oto yeyovos Gt n vooos éxel unounn évapén kai e€eficoetal
otadlakd, evi n nisioyndia twv aoBevdv dikaloNoyoUv 10 CUPNTMUOTA ToUs Je thy augnon ts nAikias
tous. H diapopd os oxéon pe veupoekpUAIoTKES NABNoels €ival OU avuueTwniCETal e XEIPOUPYIKN ENEY-
Baon napoxéteuons BeAumvovtas ta cupntopata péxpl kal 84%, kai yi' autd katatdooetal ous duvnukd
«avaotpeyipes avolesy». Qs ek toutou, o INPH eival pia peydnn npdékAnon yia tous veupondyous Ndyw twv
duokoniv otn didyvwaon acBeviv nou eival katdAAnAol yia Xelpoupylkh enépBacn kal npdogata dSnpoai-
EUPEVES PENETES EMIKEVTPWOBNKAY OTOV evIonioud autiy twv aoBevav. H guaikh nopeia tou iINPH eival pia
otadiakh gnideivawon tns cupntwpatonoyias pe endeivwon s PAdIoNs kal ékNtwon tns vonukns Aeitoup-
yias pe ouvobo6 diatapaxn tns oUpnons. H aAAn npékAnon eival va katavonooupe tov naboguaoiofoyikd
pnxaviopd niow ané authv tnv acBéveia. Or kateuBuvtnples ypappés tou iINPH afndlouv kar undpxel ouve-
xhs npoondBeia diagoponoinans twv acBevav pe INPH and veupoekpuiiotukés nabhoels. H éAlsiyn capaov
Kpitnpiwv yia tn didyvwaon tou iINPH kaBiotd tnv avayvopion twv aoBevav pe INPH duokoAn. AcBeveis pe
iNPH xwpfis Bepaneia pnopoUv ev pépel va enitixouy ta idla peteyxeipntukd anoteAéopata nou Ba eixav, av
eixav unoPAnBei oe xelpoupyikn enépfaon pe Banpida napoxéteuons éykaipa. LTOx0s autoU tou dpBpou
eival va avaokonhoel ouviopa tn BiRAioypagia kal va avadnthosl évav Npakukd 1pono okeéwns.

Né€eis eupetnpiou: ubpokepania, naboguaolonoyia, Biodeiktes, Radscale, CSF tap test

PATHOPHYSIOLOGY, BIOMARKERS AND RADIOLOGICAL
FEATURES IN IDIOPATHIC NORMAL PRESSURE
HYDROCEPHALUSS

Andreas Eleftheriou’?, loanna Tsantzali', Athanasia Athanasaki’, Stella Fanouraki', Charalabia Chasiropoulou’, Chrysa Arvaniti',
Stavroula Salakou', loannis Tzartos', Anastasios Bonakis', Sotirios Giannopoulos', George P. Paraskevas’

1 27 Department of Neurology, National and Kapodistrian University of Athens, “Attikon” University Hospital, Greece
2 Department of Neurology, and Department of Biomedical and Clinical Sciences, Link6éping University, Sweden

Abstract

Idiopathic normal pressure hydrocephalus (iNPH) is a disease that often appears in elderly population caus-
ing gait and/or balance disturbance, cognitive decline and urinary incontinence. The prevalence of iNPH
is around 3.7% and there are a lot of unidentified patients who never receive a shunt. The disease has
an insidious onset and progress gradually and the majority of patients use as a possible cause age related
reasons. The difference with neurodegenerative diseases is that it is treatable with a shunt surgery and this
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can improve patients’ symptoms as much as 84% raising the hypothesis of reversibility. Hence, iNPH is a
big challenge for the neurologists because of the difficulties to diagnose patients suitable to shunt surgery
and recently published studies focused to identify this control group. The other challenge is to understand
the pathophysiological mechanism behind this disease. The guidelines of iNPH are changing and there is a
continuous effort to differentiate iINPH patients from other neurodegenerative diseases. The lack of golden
standard for diagnosis of iINPH makes the identification of iINPH patients challenging. The natural course
of INPH is a deterioration of symptomatology with worsening of gait, balance urinary disturbance and
cognitive decline and patients with untreated condition can partially achieve the same results they would
have experienced if they had undergone shunt surgery in good time. Therefore, the aim of this article is to
shortly review the literature and come to a practical way of thinking.

Key words: hydrocephalus, pathophysiology, biomarkers, Radscale, CSF tap test

INTRODUCTION

Short History

The recognition and discovery that there was
“water” in the center of the brain impressed the
doctors from the beginning of medicine history since
thousands of years. Doctors tried to find the cause
and explanation of the existence of water in the
brain center. In ancient Greece the characteristic
malformation caused by the increase of “water” in
oversized head and the “Olympius” face classified
the disease as one of the “holy diseases” and was the
reason that the philosophy was involved in medicine.
It was believed that from the ventricular system, in
the center of the brain, the water was the filter for
the refinement of the human soul. The first observa-
tions and descriptions of the occurrence of “brain
water”, as well as the first therapeutic interventions
to cope with excessive growth, are attributed to the
ancient Greeks. Hippocrates (460-370 BC) is known
as the first physician who described and tried to
treat hydrocephalus (hydro = water, cephalus = skull).
Hippocrates was the first to suggest catheteriza-
tions of the ventricular system [1]. Herophilos from
Alexandreia (325-255 BC), often called the anatomy’s
father, wrote about the ventricular system and about
the fourth ventricle, the meninges, and tried to ex-
plain their function [2]. Galinos (128-200 BC) and
Orivasios (325-405 BC) introduced thoughts about
hydrocephalus [3]. Salomén Hakim described in 1964
normal pressure hydrocephalus (NPH) as a syndrome
with normal cerebrospinal fluid pressure causing gait
apraxia, cognitive impairment, and urinary inconti-
nence, responding to shunt [4].

Clinical approach

The most common symptoms in hydrocephalus are
a symmetrical broad based, short-stepped gait, un-
explained impairment of balance, frontal-subcortical
pattern of cognitive impairment and urinary urgency
or urinary incontinence [5-7]. Gait test compatible
to hydrocephalus disease appears with decreased

step-height and length, decreased cadence, magnetic
gait, increased trunk sway during walking, turned-
out toes on walking, widened standing base, turning
bloc and retropulsion. Cognitive impairment and
dementia is another common symptom with involve-
ment of the prefrontal brain areas causing execu-
tive dysfunction, slow psychomotor function with
relatively intact recognition memory but with poor
retrieval memory. Urinary urgency or incontinence is
also common symptoms in iINPH but they are poorly
described in the literature. A recently published study
described bowel impairment in patients with hy-
drocephalus compared to healthy individuals [8]. A
small study with hydrocephalus patients reported
significant reduction of ganglion cell layer, suggest-
ing an ongoing neurodegenerative process due to
altered cerebrospinal fluid (CSF) dynamics [9]. Other
symptoms such as depression, apathy, agnosia, sei-
zures have been described in case control studies as
uncommon symptoms of iNPH [10-12] [13, 14]. The
prevalence of iINPH according to a Swedish study
was estimated at 0.2% in individuals with an age of
70-79 and rising to 5.9% for individuals with an age
higher than 80 years [15]. So far, there seems to be
no difference in gender distribution [16].

The Computer Tomography (CT) or the Magnetic
Resonance Imaging (MRI) of the brain shows expand-
ed ventricular system, where other diseases cannot
explain the patient’s symptoms.

Hydrocephalus (HC) is divided into communicating
and non-communicating HC (figure 1a and figure
1b). Communicating HC can be further divided, to
secondary normal pressure hydrocephalus (sSNPH),
where the underlying cause is known, for example,
following a subarachnoid hemorrhage and meningi-
tis, and idiopathic NPH (iNPH) where no underlying
cause can be found (figures 2 and 3). Furthermore,
in last years, there is increasing number of reports
on familial INPH which indicates a potential genetic
component and leads to a wide recognition of a
third form of NPH, familial NPH (fNPH). Unlike sNPH,
iNPH is difficult to distinguish from other neurologi-
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Figure 1. A: non communicating hydrocephalus; B: ~ Figure 2. On the left up side the normal ventricular
communicating hydrocephalus system, on the right bottom secondary hydroceph-
. alus caused by bilateral posterior infarcts

Figure 3. Typical picture of idiopathic normal pres-
sure hydrocephalus

cal states with the symptoms of motor, cognitive
and urinary incontinence in the elderly. Patients with
iNPH are classified as “probable”, “possible” and
"unlike” [16].

Shunt is the only current treatment in iNPH estab-
lished since 1951 by Nulsen, Spitz and Holter [17].
The aim of the treatment is to reduce the amount
of CSF in the ventricle system and thus normalize
the volume in the ventricular system. The standard
treatment is surgery with a shunt placed from the
ventricular system in the brain to the cardiac atrium,
to the chest cavity, bladder, and most placed in the ~ guidelines, both International-European and Japanese
abdomen in peritoneal space. There is no consensus ~ [18-21]. Usually, those patients exhibit the above-
regarding the indications for surgery, but there are  mentioned symptoms in combination with typical ra-
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diological imaging are considered for surgery. Almost
80% of INPH patients improve their motor function
but there are still a 20% of patients without any
difference before and after a shunt operation [22].

However, the symptoms seen in NPH are common
in elderly and may have many other causes. It can
also be difficult to distinguish the radiological image
from that seen in brain atrophy. Patients with Al-
zheimer's disease (AD) or subcortical vascular disease
may appear to have large ventricles on the Computer
Tomography or MRI image because of cerebral atro-
phy. They may also have similar symptoms to normal
pressure hydrocephalus that are related to different
degrees of white matter ischemia [16].

PATHOPHYSIOLOGY

In 50% of patients with NPH, no known cause
can be identified. The underlying pathophysiology of
iNPH remains unknown. The CSF space is a dynamic
system, which constantly adapts its pressure to keep
it stable. It responds to changes in CSF formation or
reabsorption rates, arterial and venous flow, compli-
ance of the intracranial structures and fluctuations in
intracranial pressure (ICP). This process is important to
ensure the correct functioning of the brain. Indeed,
the brain is enclosed in a fixed structure and any
volume increase needs to be matched by a decrease
to avoid changes of the intracranial pressure and con-
sequential functional abnormalities. The volume of
blood entering the brain varies with the cardiac cycle,
being present a net intracranial inflow of blood dur-
ing systole and a net outflow during diastole. Arterial
supply to the brain is pulsatile, while venous flow
does not. This mismatch generates transient rises in
CSF pressure. The system compensates for this in two
different ways. First, the blood vessels can smooth
the arterial blood influx modulating their compliance.
Second the CSF flows through the cerebral aqueduct
in response to pulsatile blood flow, thus maintaining
intracranial pressure stable. When these processes
are altered, compensatory strategies are applied.
However, the compensatory mechanisms that keep
the CSF pressure constant may also produce other
pathological alteration. In iNPH, the compliance of
the system is reduced, especially in the vessel of the
superior sagittal sinus. This lack of arterial compli-
ance is initially countered by increases pulsatile CSF
flow through the aqueduct, but as the amplitude of
arterial pulsatility increases, the blood flow in systole
induces large ICP pulsations, determining the “water
hammer” effect. These exaggerated pulsations cause
venous damage in the periventricular region and
displace the brain toward the skull, thus determining
the development of hydrocephalus [23-25].

A lot of other hypotheses suggest structural or
tissue distortion, reserve of CSF and interstitial fluid

flow, failure of drainage of vasoactive metabolites,
watershed ischemia in the deep white matter, im-
pairment of periventricular cerebral blood flow
autoregulation and dysfunction of CSF circulation
or hydrodynamics. Abnormalities of CSF secretion,
circulation and absorption can lead to excessive ac-
cumulation of CSF in the ventricular system and the
development of hydrocephalus. Disturbances of CSF
absorption play an important role in the development
of hydrocephalus. It is of interest that review of the
literature reveals a very high incidence of hypertensive
and/or arteriosclerotic cerebrovascular disease in pa-
tients with idiopathic normal pressure hydrocephalus.
The few published autopsy and biopsy studies of
iNPH or NPH patients have not revealed any specific
neuropathological pattern for NPH.
Cerebrovascular and neurodegenerative, includ-
ing Alzheimer’s changes, are present in many NPH
patients. Leptomeningeal fibrosis has been found
but does not correlate to CSF outflow [26-28]. In
the iNPH-CrasH study presented that hyperlipidemia,
diabetes mellitus, hypertension, mental inactivity,
cerebrovascular disorders such as peripheral vascu-
lar diseases, obesity and psychosocial factors were
over-represented in iNPH patients [29]. Tullberg et al
in two previous studies found increased neurophila-
ment (NFL) and glial fibrillary acidic protein (GFAP)
in NPH patients but no correlation of interest was
found between GFAP and NFL and NPH symptoms
[30],[31]. In a third study of the same institute the
preoperative NFL levels in NPH group correlated with
overall improvement in gait and balance [32]. In a
fourth study including NPH patients found elevated
NFL levels preoperatively and a trend level with lower
levels of NFL in patients with longer disease dura-
tion. Higher NFL levels correlated significantly with
worse gait, psychometric and overall performance
[33]. Tullberg et al in a study with 18 INPH patients
higher NFL was correlated with significantly poorer
preoperative performance [34]. Tarkowski et al found
high preoperative NFL levels in NPH patients [35].
Leinonen et al in a study with 35 suspected iNPH
patients looked at the CSF biomarkers in positive and
negative external lumbar drainage patients and found
that NFL was pathologically increased similarly in both
groups. Mean B-amyloid did not differ significantly
between the groups. T-tau increased significantly
with the age [36]. Jeppsson et al in a study with iNPH
patients found elevated NFL and lower tau levels in
patients with iNPH than in healthy individuals. Post-
operatively, NFL increased, and t-tau decreased [37].
Pyykkd et al in a study with 53 iNPH patients found
that INPH patients with positive shunt response had a
tendency towards lower NFL levels in ventricular CSF
compared to shunt non-responders iNPH patients.
Their interpretation of their result was that as NFL
reflects subcortical axonal damage. Perhaps high NFL
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could represent more severe and less recovery injury
in the hydrocephalic brain [38]. Jeppsson et al in a
study with 20 iNPH patients and 20 neurologically
healthy controls found no difference of significance
in NFL [39]. Abu-Rumeileh et al in a study with 71
iNPH and 50 healthy individuals showed significantly
lower levels of aB42, ap40, t-tau, p-tau compared to
healthy individuals. NFL levels were increased in iNPH
[40]. Jeppsson et al in a study with 82 iNPH patients
and other neurodegenerative conditions reported
lower p-tau concentration in the iINPH groups com-
pared with non-iNPH group and healthy individuals
[41]. Manniche et al in a study with 28 INPH patients,
30 subcortical ischemic vascular disease, 57 AD and
33 healthy controllers found lower NFL, ap42 and
t-tau levels in iNPH patients. NFL and aB42 were the
most reliable biomarkers to differentiate iNPH from
subcortical ischemic vascular disease [42].

Currently, the genetic and molecular pathogen-
esis of iINPH is undetermined. One study showed a
large family with three-generation NPH patients, who
had clinical and MRI findings that cannot differ from
iNPH . In a study by Korhonen et al. the prevalence
of the C90ORF72 expansion in Finnish iNPH patients
reported higher than expected giving the suspicion
of connection between frontotemporal dementia and
iNPH. Eleftheriou et al described identical twins with
iNPH but not further genetic analysis was performed
[14, 43-45].

The most common neuropathologies in patients
with iNPH are vascular and Alzheimer’s disease (AD)-
related changes [46]. Amyloid plaque has been re-
ported in brain biopsies from patients with iINPH and
proposed as a significant feature of the pathology.
In INPH patients the rate of amyloid deposition is
higher than in cognitively normal elderly subjects,
but no differences in the probability of the apoE4
carriers observed [47]. Presence of apolipoprotein E4
(APOE4) allele is associated with increased risk of AD.
The APOE distribution did not differ significantly be-
tween the iNPH patients and control population [48].

Besides small vascular disease Alzheimer's disease
(AD) coexists frequently [49]. Frontotemporal de-
mentia (FTD) has been also listed as a comorbidity
in iNPH [44, 50].

CSF REMOVAL - CSF TAP TEST

The CSF tap test (CSF TT) is an invasive test that
helps to diagnose possible disturbance in cerebrospinal
fluid dynamics. The test starts with the patient in re-
cumbent position. The doctor performs a lumbar punc-
tion and once CSF is obtained, a spinal manometer
connects to measure the CSF pressure in cm H20. For
iNPH diagnosis the CSF opening pressure is expected
to be 5-18 mm Hg (70-245 mmH20).The pressure is
measured during a period of about one minute to
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avoid any artificially elevated levels, the patients have
to be relaxed and their neck has a neutral position,
the legs are extended. For the CSF TT 35-50 ml CSF is
removed and the patients symptoms (especially gait
and balance) are assessed before and after the CSF
TT [51]. According to a review of eight CSF studies
73-100% experienced a good positive predictive value
[52]. The negative predictive value of CSF TT was 18%-
50%, meaning that patients with a positive CSF TT
have a good prognosis to respond to a shunt surgery
but a negative result from a CSF TT cannot rule out
patients from surgery [53]. Extended 3 days CSF TT
with the use of lumbar drainage have been used in
previous studies but even with this test, a negative
result could not rule out the possibility of response of
a shunt surgery showing a positive predictive value of
80%-100% and a negative predictive value of 36%-
100% [54] [55] [56]. Recently published study showed
clear limitations of the CSF TT for selection of shunt
eligible patients [57].

RADIOLOGICAL FEATURES

The presence of ventriculomegaly itself is not suf-
ficient to diagnose iNPH. It is a common finding in
elderly people due to the brain atrophy and is even
more often seen in patients with AD. The perihip-
pocampal fissure is dilated in AD, but not in iNPH.

Malm et al. and Momijian et al. considered that
there may be a subcortical ischemia caused by CSF
in combination with cerebrovascular disease [25,
58]. Flow MRI studies in patients with iNPH showed
that the arterial pulse volume is reduced by 35%,
and that the aqueduct stroke volume is elevated
compared to normal, but similar results were also
found in patients with dementia [23]. By introducing
a shunt, the dysfunctional CSF system normalizes.

The combination of radiological findings and
clinical features supports the identification of iINPH
patients. However, the diagnosis of iINPH is challeng-
ing due to other neurodegenerative diseases with
similar clinical symptoms and radiological picture
[25]. Clinical experience presents that not all the
ventriculomegaly patients, who meet all the criteria
for iNPH, improve after a surgical intervention [24].
Alzheimer’s disease (AD), vascular Dementia (vD),
Parkinson’s Disease, periventricular microangiopaty
and other white matter diseases represent this group.
The pathophysiology of white matter involvement is
still poorly understood.

To understand how symptoms are improved in
relation to the pathophysiology of iNPH, it is neces-
sary to use techniques that can explore all lesions in
the functional and anatomical structures involved in
the disease. CSF withdrawal tests, intracranial pres-
sure recording, or resistance measurement has been
evaluated. Minor invasive techniques have also been
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investigated, including CSF flow measurement with
MR-velocity-sensitive pulse sequences or proton mag-
netic resonance spectroscopy (H-MRS) and in recent
years also diffusion tensor imaging (DTI).

The periventricular tissue is characterized by disrup-
tion of the ependyma, oedema, neuronal degenera-
tion, and gliosis, probably because of the altered
dynamics in the extracellular fluid. These periven-
tricular changes are referred to as smooth periven-
tricular hyperintensity at the MRI. Microangiopathy
changes near the ventricle system can present in
both iNPH patients and vascular patients such as
Binswanger Disease patients. Because of that, in the
last years there is an increasing interest in white mat-
ter changes in INPH patients. Using DTl is the most
recognized method to examine white matter pathol-
ogy [59]. The diffusion tensor was originally proposed
for use in MRI by Peter Basser in 1994 [60, 61]. The
introduction of the diffusion tensor model allowed,
for the first time, a rotationally invariant description
of the shape of water diffusion. The combination of
2D diffusion-weighted images, including diagonal
elements, to a 3D diffusion assessment creates a
high-resolution MR technique, which can reveal in-
tegrity periventricular white matter changes [62]. DTI
describes the diffusion of water molecules using a
Gaussian model. Technically, it is proportional to the
covariance matrix of a three-dimensional Gaussian
distribution that models the displacements of the
molecules. By using this technique, we achieve to
measure three eigenvectors and three eigenvalues.
The three positive eigenvalues of the tensor (€1, €2,
€3) give the diffusivity in the direction of each eigen-
vector [63]. DTl integrity changes are quantified by
apparent diffusion coefficient (ADC), which shows
the diffusion changes and fractional anisotropy (FA),
which presenting ADCs directivity [64]. Increased FA
indicates compression of white matter and decreased
FA is pointed out with axonal degeneration or brain
oedema or both [65] [66, 67]. DTl is a non-invasive
diagnostic promising tool which has been used in
patients with iNPH. DTI has an huge ability to explore
and visualize white matter and has been used as a
possible diagnostic utility in patients with multiple
sclerosis for quantification of brain white and grey
matter damage in different MS phenotypes [68, 69],
epilepsy for visualization of cyto-architecture distor-
tion by appealing increased diffusivity and decreased
AF [70].Trying to approach a possible explanation of
iNPH’s onset and to differential diagnose from other
entities in early disease stage is challenging. DTl has
been used in several research groups.

Radiological studies with the use of cerebral blood
flow (CBF) revealed a reduced perfusion in the peri-
ventricular white matter compared to the perfusion
of the subcortical white matter in iINPH patients
[58, 71-73]. In studies focused on neuropathologi-

cal findings, micro infarctions, lacunar infarction,
microangiopathy and axonal loss to the frontal area
has been described [26]. Other studies referred to the
existence of AD-related CSF biomarkers in patients
with iNPH and observed non-neuroinflammation in
both diseases [27, 28, 38, 74].

During the last years, there is a continuous effort
for more specific quantification of brain microstruc-
ture, by using diffusion MRI, and develop white mat-
ter models consisting of several compartments such
as orientation, volume, fraction and diffusivity [75].
For example, the Composite Hindered and Restricted
Water Diffusion (CHARMED) model provided sensible
maps of axon density in vivo [76]. Measurements
and simulations of diffusion in white matter using
CHARMED provided an unbiased estimate of fiber
orientation with consistently smaller angular uncer-
tainty than when calculated using a DTI model or
with a dual tensor model for any given signal-to-noise
level. Furthermore, another paper introduced neurite
orientation dispersion and density imaging (NODDI),
a practical diffusion MRI technique for estimating the
microstructural complexity of dendrites and axons
in vivo on clinical MRI scanners [77]. Such indices of
neurites can be used to map over the whole brain
and presents new opportunities for understanding
brain development and disorders.

Smith et al. introduced 2006 a new technology
called Tract-Based Spatial Statistics (TBSS) [71]. TBSS
aims to improve the sensitivity, objectivity, and in-
terpretation of multidisciplinary diffusion formation
studies. The purpose of TBSS was also to examine
the whole brain and not just specific sites with single
manual coated ROIs. This was like a calculated group
mean FA-skeleton which improves a general model
that can be automatically performed on all individu-
als who investigated by DTI. Liu et.al and Kern et al.
performed TBSS in patients with MS, Knake et a.
in PSP patients, Domin et al. in juvenile myoclonic
epilepsy, Alves et al. in Alzheimer’s patients, Liu et
al. in temporal lobe epilepsy patients and in chronic
schizophrenia patients. The method is not widely in-
troduced in iNPH patients, but gives the opportunity
to understand white matter changes in ventriculo-
megaly patients [78-85].

Bielke et al. 1984 and Basser et al. 1985 introduced
Synthetic Magnetic Resonance imaging (S-MRI), a
guantitative imaging technique that measures inher-
ent T1-relaxation, T2-relaxation, and proton density
[86]. These inherent tissue properties allow synthesis
of various imaging sequences from a single acquisi-
tion. Synthetic MR is a method which with a simple
way calculates the volume of CSF located outside
the ventricles in basal cisterns and brain cells. Vir-
hammar et al. published 2018 research in which by
using S-MRI they achieved to measure the ventricle
volume changes after a shunt operation. Postopera-
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Figure 4. An Evans index >0.3 is considered con-
sistent with increased ventricular size

tive decrease in ventricle size is otherwise usually not
detectable either by visual assessment or by measur-
ing Evan’s index in patients with iNPH [87].

RADSCALE

The most important part in diagnosis of iNPH is
neuroimaging with the use of brain CT or MRI.

Common radiological criterion for iNPH is Evans
ratio, which provides certain guidance, but is of lim-
ited value in differentiating iNPH from AD. The Evans
ratio is the ratio of the maximum width of the frontal
horns of the lateral ventricles and maximal internal
diameter of the skull at the same level employed in
axial CT or MRl images. This ratio varies with age and
sex. An Evans index >0.3 is considered consistent
with increased ventricular size [88] (figure 4).

Tight high-convexity and medial subarachnoid
spaces and enlarged sylvian fissure associated with
ventriculomegaly, defined as disproportionately en-
larged subarachnoid-space hydrocephalus (DESH)
seem to be relatively good predictors of shunt surgery
effect in iINPH. Focally enlarged sulci are seen in 25%
of patients [89, 90] [91] [92] (figures 5 and 6).

The corpus callosum angle has been proposed as
a useful marker of patients with iNPH, helpful in
distinguishing these patients from those with ex-
vacuo ventriculomegaly. The most used cut-off is
<90 degrees [93] [94] (figures 7 and 8).

Another radiological marker is the widening of
the temporal horns not due to hippocampal atrophy
[95] (figure 9).

All above radiological markers in combination with

Figures 5 and 6. Tight high-convexity and me-
dial subarachnoid spaces and enlarged sylvian fis-
sure associated with ventriculomegaly, defined as
disproportionately enlarged subarachnoid-space
hydrocephalus (DESH) seem to be relatively good
predictors of shunt surgery effect in iNPH

periventricular hypodensities (figure 10) are described
in the Radscale (table 1). A patient with maximux
score of 12 points gives clear importance for further
investigation regarding the importance of a shunt
operation.

A Radscale score=8 points (maximum 12 points)
suggest high probability of iINPH existence if typical
symptoms are present [96].
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Figures 7 and 8. The corpus callosum angle has
been proposed as a useful marker of patients with
iNPH, helpful in distinguishing these patients from
those with ex-vacuo ventriculomegaly. The most
used cut-off is <90 degrees

Conclusion

INPH is a disease affecting elderly population, is
difficult to differentiate from other common neurode-
generative diseases. A compilation of detailed medi-
cal history, meticulous clinical investigation, control
of CSF biomarkers and dynamics, physiotherapist
and occupational therapist evaluations and rigorous
neuroradiological assessment could lead to identify
the shunt-eligible iINPH patients easier.
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Figure 9. The widening of the temporal horns not
due to hippocampal atrophy is another radiological
marker for iNPH

Figure 10. Periventricular hypodensities are usual
radiological finding in patients with iINPH

Figures

All figures included in this manuscript are unpub-
lished anonym radiological pictures from Andreas
Eleftheriou personal digital archive.
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Table 1. The Radscale: a scale for structured radiological assessment of patients with iNPH

Points 0 1 2
Evans Index <0,25 >(0,25-0,3 >0,3
Narrow Sulci normal parafalcine vertex
Sylvian fissures normal widened
Focally enlarged sulci Not exist exist
Temporal horns <4 mm 4-<6 mm 26 mm
Corpus Callosal angle =290° 90° - >60° <60°
White matter lesions Not exist Punctate confluent
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EFKE®OAAIKO ENMEIZOAIO ENEITA AINO ANAXTPOOH
TOY DABIGATRAN ME IDARUCIZUMAB
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NepiAnyn

Eicaywyn: H evbopiéBia Bpoudnuon (IVT) pe evepyonointh avacuvduacuévou IotikoU nAacpivoyévou
(rt-PA) yia tn Bepaneia tou o&éos IoxalpikoU eykepanikou eneicodiou avievbeikvutal o€ aoBeveis nou Aap-
Bdvouv avaotoneis napdyovia Xa eite dpeoous avaotoneis BpouPivns. To Idarucizumab avaotpépel nAnpws
n BioAoyikh enibpaon tou dabigatran péoa o€ Alya Aentd.

Ava@opa nepintwons: Me 1o napdv, napoucidlouye v nepintwon evds dvopa 65 ety os Bepaneia
ue dabigatran pe coapd ofU 1oxaipiké eykepanikd eneioddio kar katd ta dAda katdAnnAo yia Bepaneia pe
rt-PA. XopnynBnke idarucizumab kai o aoBevhs otn cuvéxeia unoBindnke os Bepaneia pe IV rt-PA. Mapd
v IVT, n kAvikA Katdotaon tou acBevous eMGEVMBNKE Kal EUPAVIOE EPPPAKTO OTNV NEPIOXA TNS APIOTEPNS
péons eykepanikns aptnpias Pe argoppayikn petatponn.

Tupnépaopa: Mpdopata n evbopéPia rt-PA npoteivetal ws Bepaneia oe aoBeveis pe o€V I0XaAIPIKO EYKE-
@aniké eneicddio und avunnkukh aywyh pe dabigatran petd v avaotpogn pe idarucizumab. Yndpxouv
endxiota avagpepdpeva debopéva kar dev undpxouv peNétes peydanns KAIPAKAS yia TNV anoteNeoPaTtKOTNTa
kal v ao@dneia ins IVT petd tnv avactpo®hn tou dabigatran. Anaitolvial nepaitépw penétes kar dedopéva
OXEUKA PE Ta avtidota Kal tn Xphon tou rt-PA.

Né€eis eupetnpiou: evbopAéPia BpopBdéAucn, avaoctpopn dabigatran, idarucizumab

INTRAVENOUS THROMBOLYSIS IN ACUTE ISCHEMIC
STROKE AFTER DABIGATRAN ETEXILATE REVERSAL
WITH IDARUCIZUMAB

Evangelos Ntais', MD, Sofia Markoula’, MD, PhD, Thomas Vadivoulis?, MD, Sotirios Giannopoulos’, MD, PhD

" Dept of Neurology, School of Medicine, University of loannina, Greece
2 Dept of Radiology, University Hospital of loannina, Greece

Abstract

Background: Intravenous thrombolysis (IVT) with recombinant tissue plasminogen activator (rt-PA) for
acute ischemic stroke treatment is contraindicated in patients who are actively taking either Factor Xa
inhibitors or direct thrombin inhibitors. Idarucizumab completely reverses the biologic effect of dabigatran
within minutes.

Case Presentation: Hereby, we present the case of a 65 old male on active dabigatran treatment with
a severe acute ischemic stroke and otherwise eligible for rt-PA treatment. Idarucizumab was administered
and the patient was subsequently treated with IV rt-PA. Despite the VT, the patient’s clinical condition de-
teriorated and he developed a left middle cerebral artery territory infarct with hemorrhagic transformation.

Conclusion: Recently intravenous rt-PA has been suggested as a treatment in acute ischemic stroke pa-
tients anticoagulated with dabigatran after the reversal with idarucizumab. There are little reported data
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and no large scale studies of the efficacy and safety of IVT after dabigatran reversal. Further studies and
register data are needed to provide additional information regarding the antidotes and the use of rt-PA.

Key words: intravenous thrombolysis; reversal dabigatran; idarucizumab

Background

Patients with atrial fibrillation are routinely treated
with newer oral anticoagulants (NOAC). Intravenous
thrombolysis with recombinant tissue plasminogen
activator (rt-PA) for the treatment of acute ischemic
stroke is contraindicated in patients actively treated
with NOAC (either Factor Xa inhibitors or direct
thrombin inhibitors) [1]. Idarucizumab (PraxbindTM
is a fragment of a monoclonal antibody developed as
a specific antidote for dabigatran. It binds dabigatran
with high affinity, reversing its anticoagulant effects
in a few minutes [2]. We present here the case of a
patient who suffered an acute ischemic stroke dur-
ing active dabigatran treatment and was otherwise
eligible for treatment with IV rt-PA.

Case presentation

A 65-year-old male patient with a history of gastro-
intestinal malignancy and paroxysmal atrial fibrillation
(PAF) was hospitalized in our clinic due to a transient
ischemic attack (TIA) in the left middle cerebral artery
territory (right hemiparesis and dysphasia). Blood test-
ing, color-coded duplex ultrasound for large vessel
atherosclerosis, and transcranial Doppler were unre-

vealing. The patient was treated with rivaroxaban (20
mg) at that point. Presumably, PAF was the cause of
the TIA, and since dabigatran has a different mode
of action than rivaroxaban, treatment was resumed
with dabigatran 150mg bid.

Three days later the patient was admitted to our
hospital with sudden-onset (45 minutes before ad-
mission) aphasia and severe right hemiparesis. Neu-
rological examination revealed somnolence, severe
right-sided paresis of the face, arm, leg, and severe
aphasia. The NIHSS total score was 16. The patient
had taken his last dabigatran capsule 7 hours before
the onset of the stroke.

Acute computed tomography (CT) of the brain
excluded intracranial hemorrhage, early features of
ischemia, or other intracranial pathologies such as a
tumor. CT angiography showed no relevant occlusion
of the brain-supplying vessels. On admission, the
prothrombin time was 16 seconds (normal range:
11-15 sec), and the activated partial thromboplastin
time (aPTT) was 37.2 seconds (normal range: 20-36
sec). Other routine laboratory values, including cre-
atinine, were normal.

Idarucizumab 5 g was given to the patient intra-
venously over 5 minutes to neutralize the anticoagu-

Figure 1. A) Non-contrast axial CT brain scan at the admission with normal findings, B) Non contrast axial
CT brain 24h after IVT showing left MCA infarct with hemorrhagic transformation (red arrow)
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lant effect of dabigatran. Immediately thereafter,
intravenous thrombolysis was initiated with 50 mg
rt-PA, equivalent to 0.9 mg alteplase/kg body weight
(door to needle 120 min, onset to treatment 165
min). The aPTT measured after initiation of IVT was
32.3seconds.

Brain CT scan 3 hours after the alteplase infusion
was normal. Brain CT at 24 hours demonstrated a
left middle cerebral artery (LMCA) area infarct with
hemorrhagic transformation. Unfortunately, the
patient’s clinical condition deteriorated with global
aphasia and hemiplegia (NIHSS: 23). On day 7, the
NIHSS was still 23, and the new brain CT scan still
demonstrated the hemorrhagic transformation of
the infarct.

Conclusions

As the prescription of NOAC increases, the man-
agement of stroke on NOAC therapy is an issue.
These patients exhibit an increased risk for ischemic
stroke, despite the NOAC treatment. Current guide-
lines recommend that thrombolytic therapy should
not be given within 48 hours of the last administra-
tion of NOAC [1]. Idarucizumab is a specific rever-
sal agent for dabigatran and binds thrombin with
a 350-fold higher binding affinity than dabigatran.
Idarucizumab inverts the biological effect of dabi-
gatran and achieves almost immediate reversal of
anticoagulation [2].

IVT therapy with rt-PA was suggested after using
idarucizumab in acute ischemic stroke patients an-
ticoagulated with dabigatran [3]. The recommenda-
tion was based on limited data of a few case studies
and systematic reviews [4-6]. A study investigating
intravenous thrombolysis for stroke after reversal of
dabigatran treatment with idarucizumab reported
clinical improvement in 45 (81.9%) of 55 patients,
whereas unfavorable outcomes were observed in
6 patients including 3 patients with hemorrhagic
transformation and clinical deterioration or death
[4]. Another retrospective study showed favorable
outcome (median NIHSS improvement of 5 points) in
15 of 19 patients and no hemorrhagic transformation
was reported [5]. Real-world data seem to suggest
that this treatment is safe and effective, although
the possibility of adverse events such as thrombosis,
hemorrhage and clinical deterioration or death, as
described in some reports [4-7], must be considered.

Our patient had an extensive infarction of the
left MCA territory as a result of PAF. It is true that
cardioembolic and large infarcts tend to undergo
hemorrhagic transformation [8]. Thus, we cannot
determine whether our patient’s infarct hemorrhaged
due to the size and type of infarct or due to the lack
of idaricizumab’s efficacy. Finally, the patient was
hospitalized in our clinic for 20 days and discharged

Archives of Clinical Neurology 31:6-2022, 37-40

to a rehabilitation center. CT Scans showed gradual
regression of hemorrhagic transformation and the
patient restarted apixaban 5mg bid on day 20. The
modified Rankin score was 4, 3 months after stroke.

We believe this case report provides useful in-
formation on patients with acute ischemic stroke
treated with dabigatran and adds to the current
literature. Large-scale trials regarding IVT therapy
after reversal with idarucizumab in acute ischemic
stroke should be conducted considering unfavorable
outcomes such as thrombotic events, hemorrhagic
transformation, and mortality to investigate poten-
tial concerns about the safety and efficacy of this
treatment.
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NepiAnyn

Yndpxouv oUyxpoves BIBAIOYPAPIKES EPEUVES MOU TEKUNPIDVOUV TN XPAON TS CWHATKAS doKNons otnv
onioukh Bepaneia twv YUXIK@OV Slatapaxay, Kal €xouv OeiEel 6T N Jakpoxpovia CwPatK doknon enipEPE]
noAAanAd o@éNn ota dropa Pe WUXIKES OIaTapaXxXES eV TAUTOXpova BeATVEl TS VONTIKES AEITOUpYies Kal T
YEVIKOTEPN NEITOUPYIKOTNTA TOUS HECW OPIoPEVWY VEUPORIONOYIKMY UNXAVICHDV.

Tkonds s napouacas PiIBAIoypagikhs avaokdnnaons eival n pefétn ns tpéxouaas diebvous BiBAIoypapias
OXEUKA PE TNV ENiGpacn tns AokNons OTous AoBEVEs Pe WUXIKES DIATAPAXES KAl N anoca@hnvion twv oQeAyv
nou NPoKUMTouV and th CUPPETOXN O npoypdupata doknons KaBws kal twv VEUPORIOAOYIKWDY UNXavIoUoV
HEoW Twv onoiwv enituyxdvovial autd ta ogpenn.

Ano tn pefétn KAIVIKWOV EPEUVAV KAl avaoKONNOEWY NPOKUMTEl 6T N PAKPOXPOVIA CWUATKA Aoknon €ni-
PEPel owpatkd, PuxoAoyIKA Kal KOIVWVIKE oQEéNN ota GTopa Ue Wuxikés diatapaxés. Ta owpaukd opénn,
petaty annwy, nepifauBdvouy tn peyanUtepn aviiotacn toU opyaviopoU ots aoBéveles, tov €fgyxo tou
Bapous kar tns naxuoapkias, Alydtepn KoUpPaon Kal NEPICOOTEPN avioxh, ERACTKOTNTA TwV PUWV, Npootacia
Kal mpéAnyn acBeveiyv nou apopolv Ty kapdiakh Asitoupyia kabBs kal npdAnyn avantuéns unéptaons,
ooteondpwaons kal diahtn twnou 2. EninAéov, épeuves ava@épouy Gt N CUXVA CwPATtKA doknon au&dvel
10 npoodokipo (wns. Zta Yuxonoyikd opéNn ouykataféyovtal n Wuxikh euegia, n euxapiotnon, n kaAUtepn
auUTOOUYKEVIPWON, N autonenoiBnon, n kanUtepn nveupatkn andédoon, n peiwon tou dyxous Kal s Katd-
BAIyns kai teAikd n kaAutepn noidtnta {whs. MapdAAnia, ota kolvwvikd oPENN avAKouV o1 KAAEs OXETEls Kal
ol Beukés otdoels NPos tous Anfous, oI NAPEES Kal N avAnTuEN KOIVWVIKWY oxéaewy, N kadutepn 6160gon yia
opadikh doufeld kal cuvepyacia Kal N anotPonh avikoIVWVIKWOY cupnepipopyv. Ona autd ta ogénn Aau-
Bavouv xwpa pe tn pecoldpnon veupoPionoyik®y pnxaviopay. O enikpatéatepol veupoBioAoyIKol unxavi-
opoi ol onoiol avagépovtal otnv BiBAIoypagia kal ws «unoBéoeis», ivarl €€l kal oxeti(ovial pe tn Agitoupyia
TV evOopPIVDV, TV HovoapIvay, ths Beppoyéveans, tou agova unoBanduou-undeuons-enivePpidiwy, twv
pItoxovOpiwy Kal ToU PnXavioukoU otdxou tns panapukivns. Méow twv veupoRIoNoyIKOY autdv JnXaviopwy
npodyetal n AgItoupyia TV CUVAYEWY, TNS VEUPOYEVESNS KAl N AYYEIOYEVEDN.

H BiBAioypagia toviCel 6T n enituxia h N anotuxia evos NPoypdupatos Aoknons yid dTopa PE WUXIKES
blatapaxés e€aptatal and didpopous NApdayovies dnws o TUnos, n évtacn, N ouxvotnta kal n SIGPKEIa s
doknons, n nAikia kal N UOIKA Katdotaon tou aoBevous, N Pakpoxpdvia dEcpEUoN Kal To av Yivetal atopikd
f opadikd. Mpoteivetal n dnpioupyia apiy@v opadwy PUXIKDY OI0TapAXWY, PE APKETOUS CUPHETEXOVIES, Ol
onoies Ba akoAouBNCOUY PaKPOXPOVIA MPOYPAUUATA CwUAtKhs doknons Pe YEtpia npos uwnin évtaon (60-
85% VO, ), Ikavh didpkeia (touddxiotov 6 pnves) kai ouxvotnta (4-5 popés/eBdopabda) yia v avanwén
6Awv twv oPéniywy npooappoyy. Ta npoypduuata autd npénel va oxebiddovtal, va eniBAénovtal kai va
kaBodnyouvtal and e€eibikeupévous eknaldeuTtkoUs €IBIKNS PUOIKNS aywyns Ue epgneipia ota kAvIKG Xxapa-
KINPIOTUKA QUTMV TwV aoBEV@DV.

Né€eis eupetnpiou: doknon, Yuxikés Siatapaxés, oPpénn, veupoBioAoyikoi pnxaviopof
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THE EFFECT OF PHYSICAL EXERCISE ON MENTAL DISOR-
DERS: BENEFITS AND NEUROBIOLOGICAL MECHANISMS
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Abstract

Contemporary bibliographical studies highlight the role of physical exercise in the holistic treatment/
therapy of mental disorders and have shown that long-term physical exercise causes multiple benefits for
the individuals with mental disorders while at the same time it improves mental functions and their general
functional adaptability through certain neurobiological mechanisms.

The aim of this bibliographical review is to study the current international bibliography related to the
effect of physical exercise on patients with mental disorders and to clarify the benefits that arise from
their participation in exercise programs, as well as the neurobiological mechanisms through which these
benefits are achieved.

Clinical research data and scientific reviews indicate that long-term physical exercise causes physical,
psychological and social benefits to individuals with mental disorders. The physical benefits include bet-
ter resistance against diseases, body weight and obesity control, less fatigue and more stamina, muscle
flexibility, protection from and prevention of cardiovascular diseases, as well as from high blood pressure,
osteoporosis and diabetes type 2. Furthermore, research shows that frequent physical exercise increases
life expectancy. The psychological benefits include mental well-being, pleasure, better self-concentration,
self-confidence, better mental efficacy, reduction of anxiety and depression and eventually, better qual-
ity of life. The social benefits include good relationships and positive attitude towards others, socializa-
tion through team work and collaboration and deterrence of anti-social behaviour. All these benefits are
achieved through neurobiological mechanisms. The dominant neurobiological mechanisms are six and are
referred in bibliography as “hypotheses”. They include the function of the following substances, micro-or-
ganisms or organic proceedings in the human body: endorphin, neurotransmitters, thermogenesis, hypo-
thalamic pituitary adrenal (HPA) axis, mitochondrial function and mechanistic target of rapamycin (mTOR).
These mechanisms improve the upgrading of synaptic function, neurogenesis and angiogenesis.

Bibliography underlines the fact that the success or the failure of an exercise program for individuals with
mental disorders depend on various factors such as the type, the intensity, the frequency and the duration
of exercise, the patient’s age and physical fitness, the long-term engagement, and whether the training
is individual or in a team. What is recommended is the formation of a homogeneous team consisting of
individuals with mental disorders with sufficient number of participants who will follow long-term training
programs with moderate to high intensity (60-85% VO, ), sufficient duration (at least six months) and
frequency (4-5 times/week) for the development of all the beneficial adaptations. These programs should
be created, supervised and guided by qualified special physical education instructors with experience in the
clinical characteristics of these patients.

Key words: exercise, mental disorders, benefits, neurobiological mechanisms

EIZArQrH Y10 Gropa pe yuxikés diatapaxés (WA), n cwpatkn

H owpaukh doknon Ynopei va opiotel ws pia oxe-  doknon ouvnBws éxel xapnAd enineda aviaywviopoy
Siaopévn, dopnuévn kal enavanapfavopevn ocwuat- KAl EUNAEKEN KUpiws peyanes puikés opdbes tou ow-
KA OpaotNPIOTNT NOU €XEl s OTdOX0 va BeNumaoel hva  patos. Mnopei va npaypatonoinBei pe xapunin n pé-
diatnpnoel éva h Nepioodtepa cuctatkd tns GUOIKNS  TPIA éviaon, Pe npoypduuata pe avtiotaon (Bapn) 1
Katdotaons (n.x. avioxn, duvapn, euduyioia K.4.) [1].  pe aBAnukés dpaotnpidtntes dnws Badion, 1péCiuo,
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konNupni, nodnAato, opeivh nedonopia, agua aerobics
K.4. [2-3].

Tnv tefeutaia eikooastia undpxel évas augavo-
pevos BIRRioypaikds OyKos Mou aoxoneital Pe tn
xphon tns doknons otnv odioukn Bepaneia twv WA
oupnepiNapBavopevwy tns KatadAiyns, twv ayxwdwv
dlatapaxwv, tns d1ATAPAXNS TOU PETATPAUPATIKOU
otpes, s oxifoppéveias, s dinoAikns diatapaxns,
twv diatapaxdv NpdoAnYns s IPOPNS, TS 16E0YU-
xavaykaotkns dlatapaxns kal difwv [4-7].

Ta dropa nou ndoxouv and WA €xouv xapynin
autoektiynon, duokofies otn B1aTAPNCN KOIVWVIKWDV
oxéoswv, NAPPAavouv pikpés Ikavonolnaels and i (wh
TOUS Kal €Xouv pelwpévn evépyela [8]. MapdannAa,
eP@avifouv ouxvA NAPEVEPYEIES TNS PAPPAKEUTIKAS
aywyns nou AapPBdavouy, ol onoies ynopei va enn-
pedlouv s KIvNTKES Kal GANES OwPaTIKES Tous Ael-
toupyies. EninAgov ouvundpxel aug§npévn cwPatkh
ouwocoNPOTNTa ONWs, Yid NAPAdEIYUA, AVANVEUCTIKES,
petafonikés kal kapdiayyelakés aobéveles ol onoies
ouvdEovtal e TNV NAxXucoapkia, To KAnNvioua, Tov av-
Buylevé pono dwns kal tnv unokivnukétnta. Ofa ta
napandvw oupPdafnouy og xapnAGTEPO NPOCOOKILO
Cwns katd 10-15 €in oxeukd Ye tov yevikd nAnBuoud
[9-12]. Qotdoo, penétes éxouv Oeitel OT N HAKPOXPO-
via doknon enipépel noAdanAd o@énn ota dtopa pe
WA evd tautdxpova BeAtichvel TS vONTKES NETOUpYies
Kal TN yevikdtepn AgItoupyIkOTNTd Tous PEow O1apo-
pwv veupoBioAoyikwv pnxaviopayv (NM) [7, 13-16].

Ykonos tou napdvios dpBpou gival n avaokdnnon
s péxouaas diebvous BiBAIoypapias oxeukd ye v
enibpaon tns doknons otous acBeveis pe WA kar twv
oQenmV Nou NPOKUNToUV and th CUPUETOXA TOUS O
npoypdaupata doknons kabws kal twv NM péow twv
onoiwv enituyxavovial autd ta oeénn.

YAIKO KAl ME©OAOX

H avaokénnon s BiBAloypagias npayuatonol-
nBnke ous diadiktuakés Pdaoels dedopévwv PubMed
kal Google Scholar otnv AyyAikh yAdooa. Ta AAp-
gata nou xpnoigonoinBnkav ntav: “exercise”,
“mental disorders”, “benefits” kar “neurobiologic
mechanisms”. Enions, avalnthBnke n Unap&n ednn-
VIKOV dnpooieloewy avaptnuévwy oto diadiktuo.
Mapdaninnia, n épeuva d1EEAXON péow tou YuvHE-
opou EAfnvikwv Akadnpaikav BipAioBnkdoyv HEAL-
LINK, pe anoténeopa tn duvatdtnta npdéofaons oe
nANPEs Keipevo otnv NAgIovOTNTa Twv EpYACIV NoU
penethBnkav.

BIBAIOTPA®IKH ANAZKOIMHZH

H ouothpaukh cwpatikh doknon €ivar anote-
Aeopaukn otnv npoéAnwn kal Bepansia dlapopwv
aoBeveIV Kal 1aTPIKWY KATAoTACEWY ONws &ival n
oteaviaia véoos, n unéptaon, o diapntns wWnou 2, n
unepAinbalpia, N ooteoNOPWaN Kal KANOIES HOPPES
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Kapkivou [4-5]. Mpoéopates avaokonhaoels PeNETDV
otov yeviké nAnBuopd Oeixvouv du n agpdPia dokn-
on pnopei va enidpdoel Beukd otov INNOKAPNO &ite
autdvovtas tov Gyko Tou €te SIaTNPMVIAS TNV aKe-
PaIOdTNTA Tou, €V OYEel TNs puciofoyikhs yhpavons N
ota niaiola duoneitoupyias tou Adyw acbéveias [17].
Ta anoteféopata Twv KAIVIKMDVY EPEUVIV CUVNYOPOUV
UNEP Tou onpavtkoU Kal kataAutkou pdAou tns ag-
p6PIas doknons oty evepyonoinan Twv PNXAVIoUmV
vVEUPONAaoTKOTNTAS ToU €YKEPANOU, OTNV EVIOXU-
oNn WV VONTKWY AEITOUPYIMV Kal otnv Npoctacia
eykepanikwv dopwv ev péow diatapaxawv [16-20]. H
veuponniaoukdtnta tou eykepdnou eival n duvatdtntd
T0U va avadliopyavdvetal péow tou nepifannovtos,
NS OUPNEPIPOPAS, TNS AOKNONS, TNS OKEWNS KAl TWV
ouvaioBnpdtwy [14].

Zuppetoxn twv atdpwyv pe WA os npoypdupata
doknons kai opéAn nou npokuntouv

KAvikés €pguves Kal peta-avanUoels TEKUNPIOVOUV
n Beukn enidpaon twv dopnpévwy opadikwy kal e€a-
TOMIKEUPEVWY Npoypapudtwy doknons otd Atopa Pe
WA nou ocuppeteixav o' autd. Mo cuykekpiuéva, pia
épeuva Kal pia peta-avanuon €6ei€av éu n cUPPETOXN
atdpwv Pe ayxwdels diatapaxés og npoypduuata
agpoPIas kal avagpodfias doknons eNIPEPE! Peiwon
TOU AyX0ous Tous NapoOuoIa PE AUTH NOU EMIPEPEI KAl N
yvwolakn-oupnepipopikn Bepaneia [21-22]. H ouppe-
Toxn acBevav pe diatapaxn navikou os BpaxUuxpovo
npoypapua agpdPias doknons (banedospyduerpo,
30 Aentq, évtaon 70% s VO, [i]) peiwoe 1o dyxos
TOUS Kal us Kpioeis navikoU [23]. Ocov apopd o€
aoBeveis ye H1ATAPAXN PETATPAUPATIKOU OTPES, €XEl
avagepBei n Beukn enidpaon s agpdPias doknons
Kal tns Badions pe pétpia évtacn otn cofapdinta
TV AyXWUKOV Kal KataBAinukov oupntwudtwy 1doo
oe naibid [24] 600 kal o€ ephPous [25] kal evaAikes
[26]. Atopa pe yevikeupévn ayxwdn diatapaxn -
Qavioav pgiwon oto Ayxos Kal otnv eugpeBiotdtntd
TOUS PETA and TN CUPPETOXN TOUS O cuvOuaopéva
NpoypAuPata aokNOEwV Pe aviotdoels Kal agpopia
doknon (bidpkelas €1 eBdopddwy, duo eBdopadiaies
ouvebpies) [27-28]. TéRos, pia penétn aoxoAnBnKe pe
v enidpaon s doknons o€ aoBeveis e KOIVWVIKN
@opfia 6nou NapatnPNBNKe PeiwWoN OTo KOIVWVIKO
ayxos kal otnv katdBniyn t6oo Pe tn ANEN Tou Napep-
Batkou npoypdupatos 600 Kal TPEIs PNVES apydtepa
(follow up) [29].

Ye oupgwvia pe ta npoavagepBeévia, Beukes ou-
oxetoels napatnpnBnkav Kal o aoBeveis pe 10eoyu-
XavayKaotkh S1atapaxn Nou CUPPETEIXav o€ Npo-
ypdupata doknons. E1ol N GUPPETOXN O agpoPio
npoypappa didpkeias €€ efOopddwy ueiwoe 16oo
™I oupnwpatonoyia 6co kal v katéddniyn kai 1o
Ayx0S TOUS PEXPI Kal éva piva Petd To NéPAs Tou nNpo-
ypdpupatos [30]. Xe pia 4Ann épguva, o ouvduaouds

EAAHNIKH
NEYPOAOTIKH
ETAIPEIA



Fewpylos Katolpdvns, lewpyios Kotoikas, Avactacia Mnéka, Zwthpios Manayiavvénounos

evos Npoypaupatos pétpias agpoPias doknons Sidp-
Kelas 12 BOOUAdWY TaUTOXPOVA e CUUMNEPIPOPIKN
Bepaneia kal pappakoBepansia peiwoe tn coPapn
oupntwpatodoyia tous akoun kai €€ YAves PETd 1o
népas tTou npoypdaupatos [31].

‘Ooov apopd us cuvaloBnpatkés Slatapaxés,
avaokonnoels ¢6e1€av O, N CUPPETOXN AoBevY,
nou €xouv diayvwaoBei pe peidov kataBAINuké enel-
06010, og Npoypdupata doknons eNIQEPEl Peydnn
peiwon twv KataBAINuK@Y Tous cuPntwPdtwy n
onoia pnopei va ouykplBei pe ekeivn tns avukata-
BAinukns papuakeutkns aywyhs [32-33]. AcBeveis
pe dinoAikA diatapaxn Nou cupPETeixav o agpoPia
npoypdppata doknons napouaciacav enions peiwon
OT10 01p€s KaBs kal ota KataBANuKa Kal ayxwukd
T0Us cupntwpata [34-35].

Yus dlatapaxés npdoAnyns tns IpoPns, N cup-
HETOXN atdpwy Pe wuxoyevh Bounipia os agpdPia
npoypdaupata doknons (16 €Bdopddes, évtaon 50-
70% s VO, ) eixe napopola Beuka anoteAgopata
HE QUTA MOoU EMIPEPEI KAl N YVWOIAKN-CUPNEPIPOPI-
kh Bepaneia [36]. EvBappuvukd givar kal t1a anote-
Aéouata Petd tn CUPPETOXN aoBevDY PE YUXOYEVN
avopetia oo og opadikd [37] 6oo Kal os eEatopi-
Keupéva npoypdupata doknons [38]. Ze aoBeveis pe
ox1{oPpEveIa/PUXwaon N CUPPETOXN O Npoypduuata
AOKNONS €NIPEPEI PEIWON TWV APVNTUKWOY CUUNTWPA-
twv, auEnpévn Agtoupyikh Ikavétntd, augnon otov
OYKO TOoU INMNdKApnou Kal BeATiwon tns GUOIKAS TOUS
katdotaons [20, 39-41].

Ta euphuata and v avackénnon tns Bifnioypa-
¢ias ocuvnyopouv OTo yeyovos 6T Ta npoypduuata
owpaukns doknons ennpedlouv Beukd tous acBbeveis
pe WA nou CUUPETEXOUV Og AUTa PEIVOVTAS TN OU-
pntwpatofoyia Tous Kal Ye autd tov 1pdno kabopi-
Couv tepdoua BioAoyikd, KOIVWVIKE Kal Yuxonoyika
o@énn [42].

YInv Npaypatkdénta, 1 ogéNn and tn CUPKPETOXN
v atdpwv pe WA og npoypdupata Goknons Kivou-
vtal o€ tpia enineda: 1o cwuatkd, To Yuxonoyikd Kal
0 KoIvwvikd [43]. Ooov agopd ta cwpatkd ogénn
autd nepifapPavouy tn peyaddtepn avtiotaon tou
opyaviopoU ous aobéveles, tov éAgyXo Tou BApous Kal
ns naxuoapkias, Alyotepn KoUpaon Kal NEPICCHTEPN
avtoxn, eAacukdnta Wwv Uy, Npootacia, NpoéAnyn
A Bedtiwon tns katdotaons and aoBEvEIES OXEUKES
pe v kapdid, tnv unéptacn, v 0otEoNdPwWon, 10
diapntn wnou 2 kabws kar al&non tou Npoadoki-
pou (whs. Xta ywuxodoyikd o@énn cuykatanéyoval
n Yuxiknh euegia, n diaokédaon, n eniteuEn otOXWY,
n euxapiotnon, n kann &1dBeon, n {wvtdvia, kaAute-
PN AUTOOUYKEVTPWON Kal autonenoiBnon, kanutepn
nveupatukn anddoaon, kadutepn noidtnta {wns, Yei-
won ayxous kal KatdeAipns, nio euxdpiotos Unvos.
Ténos ota KoIvwVIKG oPENN avAKOUV OI KANES OXEOEIS
Kal ol Beukés otdoels Npos tous addous, ol Napées
Kal n avantuén Kovwvikwv oxécewy, d1dBgon yia

opadikn douneld Kal cuvepyaacia Kal N anotponn
QVUKOIVWVIK@OV oupnepipopmv [4-5, 13-15, 20, 22,
37, 42-43].

Aoknon kai veupoBioAoyikoi unxaviouoi (NM)

Apketés €peuves otn O1eBvn BiBAIoypagia éxouv
aoxoninBei pe t digpetivnon twv NM péow twv onoi-
wv n doknon PeAticovel T Yuxikh uyeia kar tn didBeon
Kal Npoo@Epel Ta npoavapepBevia oenn. Yndpxel
nAnBos gpeuvnuk@v dedopévwy nou npoonaboulyv
va anooa@nvicouv authv tnv aruwdn oxéon kal ol
enikpatéatepol NM ol onofor avagépovtal otnv Bipnio-
ypagia kal ws «unoBéoeis», eivar €€ kal oxetiCovtal pe
I Aertoupyia twv vOoPPIVAYV, TwV JOVOAUIVADY, TNS
Beppoyéveons, tou GEova unoBanduou-undeuons-
eniveppidiwv (Hypothalamic Pituitary-Adreanal Axis,
HPA), twv pitoxovdopiwv Kal Tou JnXavioTtkoU otdxou
s panapukivns (mechanistic Target of Rapamycin,
mTOR) [13-15, 16, 44-51].

Ynoé6son twv evéoppivwv

Katd tn Sidpkeia tns doknons anefeuBepdvovtal
evboyevn oniogldn dnws ol evboppives (B-evbopi-
vn, gykepanivn), nou napdyovial o€ NEPIOXES TOU
gyke@anou, énws n unéeuon anid kal o andous
I0T0US ToU owuatos. H kupia Asitoupyia tous gival n
geiwaon tou névou, n cuvaioBnuatkh Icopponia Kal
n avupenion tou otpes. Otav n €vtaon tns dokn-
ons gival peyann (75-80% s VO, ), au€avovtal ta
enineda evbop@ivv oto nAdoua Kal td enineda twv
evbokavvapivoeidav, ta onoia éxouv Betikh enidpaon
ota KataBAINuKa cupntPata kal cuvoéovtal Pe To
Beukd ouvaiobnua [13, 15, 50].

Yno60son twv povoapivv

Avagépetal ous petafonés nou npokanouvtal
ous KUPIES Povoapives Tou eykepanou (ogpotovivn,
vionapivn, vopeniveppivn, ydoutapivn), SnAadn otous
veupodiaBifactés tou eyke@dnou, n avicopponia
WV onoiwv oxetietal ye v katddAiyn kar t oxi-
oppévela. Ynootnpiletal 6U N CUPUETOXN O€ éviova
agpdPia npoypauppata doknons (80% s VO, ) au-
Edvel In ouykévTpwon Tous oto NAdoua Kal oxetidetal
Betkd pe  didbBeon kai in peiwon twv KataBAINUKOY
oupntwpdtwy [13, 15, 50].

Ynoé6son tns Ospuoyéveons

ToviCetal 1610itepa 6U n augnuévn Beppokpaocia
TOU OWPATos Katd tn didpkela tns oKNons Kal YETd
and auth enidpd Bepaneutikd. Mo ouykekpipéva, n
augnon tns cwpatkns Beppokpaaias kar s Beppo-
KPOOoias og OpIOUEVES eYKEPANIKES MEPIOXES, OMNWS
O10 eyke@PaNikG oténexos, oxetietal e Peiwon s
dpaotnPIGTNTAS TWV Y KIVNTIKWY VEUPDOVWY, HE JEI-
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wuévn puikn évtaon kar aiobnua xaddpwons. Autés
ol pualooyikés aniayés BeAuwvouy th 61dBeon Kal
pelcvouy 1o ayxos [13, 15, 50].

Ynoé6son tou Afova YnoBadduou-Ynépuons-
Eniveppibiwv (YYE)

‘Exel dianmiotwBei éu o aovas YYE evepyonoiei
uia avtibpaon o€ cwpatkoUs Kal yuxonoyikoUs otpe-
ooyovous napdyovtes. Evas t€tolos napdyovias ival
Kal n cwpaukh doknon. Méow auths s avtibpaons
napdyetal kopuldn, n onoia dpa ws avacton€as s
Aertoupyias tou unoBandpou kal s undeUONs Kal
€101 anokaBiotd v opoldotacn Kal anotenel €voeitn
uylous avtibpaaons oto otpes. Auoieitoupyia tou ago-
va YYE napatnpeital og acBeveis pe kataBAINukEs kal
ayxmbdels diatapaxés. Enapkns anokpion kopuldAns
katd tnv doknon npokadeital og évtaon toufaxIoTov
60% s VO, [13, 15, 46].

Yné0eon twv pitoxovépiwv

Ta ptoxdévdpla givar kuttapikd opyavidia ta onoia
napdyouv evépyeia Péow s oEeIBWTKAS puWOPOoPU-
Aiwons kai diadpapatiCouv Bepeiddn pdAo OTN VEU-
pondaoukdtnta. EunAékovtal og noAfés Neitoupyies
TOU KUTIAPOU MoU €XouV va KAvouv PE To petaBoniopd
Kal TV opoldotaon, v éxel Bpedel du oupfannouv
OTN YPUXIKA Uyeia Kal otn AItoupyIkOTNTa Tou atduou.
H evioxuon tns pitoxovdpiakns Agtoupyias péow npo-
ypappdtwy doknons €xel tekunplwBei ws Bepaneia
yia tnv katdBniyn kai dAies Siatapaxes tns SidBeons
b16u n doknon eival n kanutepn guaolonoyikh pébodos
s pitoxovdpiakns Bioyéveons bnladn tns olvBeons
véwv pitoxovdpiwv nou odnyei otnv alu&non s pi-
ToXovOPIaKAS MEPIEKTIKATNTAS VA YPAUUAPIO pUikoU
lotoU [13, 15, 44-46].

Yné0eon tou pnxaviotikoUu otéxou
tns panapukivns (MZP)

H panapukivn gival pia npwrteivikh Kivdon nou
puBuilel tn ouvBeon NpwIeivov Kal TNV avantuén
WV KUTIAPWY ws andkpion o€ augnukous napd-
yovtes, Bpenukd ocuotaukd, enineda evépyeias Kal
otpes. Aladpaparti¢el onoudaio péo otnv avantuén
Kal tn ynpavon, dndadn oxetiCetal e tn pvApn, in
ouvantoyéveon otov Npopetwniaio @Aold Kal ta avu-
kataBAinukd anotenéopata. H doknon evepyonolei
tov MZP kar ynopei va BeAuwoel us WA peicdvovias
10 oUpNtPata dyxous kal katdBnipns [13, 15, 47-
49, 51-52].

YYZHTHZH

O@éAn and tn ouppetoxn twv atouwyv ue YA
o€ npoypdupuata doknons

Ané tn BiBnioypagia npokuntouv dedopéva nou

Apxeia Kivikns Neuporoyias 31:6-2022, 41-51

unootnpifouv U N CUPPETOXN ATOPWY HE PUXIATOI-
Kés Olatapaxés o€ dounpéva npoypdupata doknons,
enpépel SopIikeés kal Aertoupyikés annayés otov eyké-
@ano, pe anoténeopa e€alpeukd onpavukd BioAoyikd,
Kolvwvikd kal yuxoioyikd opénn [42]. EninpdoBeta,
n Eupwnaikh Wuxiatpikn Etaipeia (EWE), (European
Psychiatric Association) égov apopd ta noAdanAd
o®énn s doknons otn RBeAtiwon tns cuvonikns Yu-
XIATPIKNS cupntwpatonoyias, NPoteivel TNy eloaywyn
NS douNUévNs CWHATKAS GOKNONS-ev avVUBEDE! e Ty
doknon péow KaBnpePIVAV dpaatnplothtwy énws
10 NEPNATNUA e okonod N Petakivnon-oto npdtuno
OoxXNUa PUPHUAKEUTIKAS aywyns Kal yuxoBepaneias
Twv atdpwy Pe coPapés WA [53]. Ynootnpidetal 6t
n doknon eivar péppako kal Ba npénel va ouvtayo-
ypageitar [54].

MNapatnpeital wotdoo Ot td enineda CUPPETOXNS
Twv atopwv pe WA og npoypdpuata doknons Kabms
Kal n pakpoxpoévia 6éopeuon tous og autd gival noAu
xapnAd Adyw s BapUtntas tns cupntwpatonoyias
T0Us, IS NdN xapnAns UOIKAS Tous katdotaons annd
Kal tns éAfgiyns evos enapkous KOIVWVIKOU unoaotn-
pIkukoU nepiBanfovtos, nou Ba tous unvéel kal Ba
diatnpei apeiwto to evblapépov tous yia doknon.
Anotedel dueon npotepaldTNTa N NPooektkn dia-
HOPPWON NPOYPAUHATWY CWHATKAS AOKNONS (OOTE
népav s anoteNecuatkdTNTds TOUS va €Xouv Kal Tn
duvapikn va diatnpolv tn 6é0PEUON TWV CUUETE-
xoviwv [18, 55].

H puikh xandpwon, nou npokaneital yeté and
N OUPPETOXN O€ éva NPoOypapPpa doknons ennpea-
Ce1 Beukd tn ouvalIcBNUATKA KATAOTAON WV 0OKOU-
pévav. Etol, n cwpatkh doknon, €ite o€ E0WTEPIKO
gite og eEWTEPIKO XMDPO, KABWS Kal N EATOMIKEUPEVN
bdooonoyia, and nisupds évtaons kal diIdpkelas, Bo-
nBdgl Betkd ot xaAdPWOoN WV YUY, ENIGEPOVIAS
NPGOKAIPES PEIDTEIS TOU EVEPYEIAKOU OUVAUIKOU TwV
OKeAEUKWY YUV, ol onoies Slatnpouvtal yia pia kpa
nepinou Petd tnv doknon, 6Nws autd €xel Kataypagei
pe niektpopuoypdenua (EMG) og npepia [56].

Anod v nAgupd s yuxonoyias, ol YUXOoKOIVW-
VIKES Bewpies avapépouv dTU N CUPPETOXA OE NPo-
ypdupata doknons petaBdanel tnv wuxikn idBeon
WV aoKoupévwy pubpidovias 1o dyxos Kal 10 OTPEs,
Benumvovtas tn yvwaoukh Atoupyia, TV AUToeKTiuNn-
on, tnv autonenoi®non, tnv aioBnon tou léyxou, v
QUTO-aNoTeNEOPaTKOTNTA KAl TNV EIKOGVA TOU OMATOS.
Méoa and tnv doknon, Tov €AgyX0 TOU CWHATIKOU
Bdpous kal tn BeAtiwon s IKGVAS TOU OWHATOS,
neplopifovial TautdXpova Kal Td cUPNTmPAta Ins
apvnukns YPuxikns S1IGBeoNs Kal td CUPNTMOHATA ToU
AyXxous, TOU OTPES Kal tns katabniyns [21, 43, 57-58].

EninpdoBeta, n cuppetoxh os npoypdupata
AOKNONS ANOPEPEI OTOIXEIN ECWTEPIKWV Kal EEWTEPI-
KWV apoifmv oto dtopo nou yupvadetarl. Qs npos us
e€wtepikés apoifés, n doknon pnopsi va ennpedoel
XAPAKINPIOTUKA s Npoownikdtntas, 6nws givar n
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Kolvwvikonoinon Kal o 1pdnos {whs Tou dokKOUPEVOU.
H onoiadnnote pop@h KoIVwVIKOMOoIiNGNS TOVMVE! TNV
WUXIKA Uyeia tou atépou. Enions, n npoownikh Ben-
Tiwon adnd kar n eniteuén twv otdxwv yia doknon,
anotefolv eowtepIkoUs Napdyovies eniBpdapeuons
tou atépou. O1 napdyovies autoi ouvieAoUv PE N
og1pd Tous otnv augnon tns autonenoiBnons kai au-
TOEKTIINONS Kal tns Betikns Yuxikns didBeons [43, 59].

Mépa and ta napandvw oeénn s AokNons, N
Kadn QUOIKA KatdoTtaon twv atdpwy ouveéetal dueoa
HE TNV Napaywyikotntd kal v anddoon, o 6Mes
us 6paoTNPIGTNTES, EiTe AUTES €ival CWHATIKES, €iTE
diavontikés, dnws enions kal oto xPo epyaocias [43].

Aoknon kai veupoBiodoyikoi pnxaviopoi

H owpatkh doknon cuykatanéyetal ota uylous tU-
nou otpeooydva epebiouata Kal napopolddetal ws pia
Hop®n wuxoBepaneias kal autofedtimons, n onoia
eniBpaduvel th vonukh eEaocBévnon nou oxetietal
ge v nAikia [46].

Menétes deixvouv 6T n Aoknon eniPEPEl OOUIKES
annayés 6nws o augnuévos dykos tns Gailds ouai-
as oUS YETWNIAIES KAl INMOKAUMIES NEPIOXES [60-62].
MNapdAnnAa pe autés us BeAtuwukés dopikés kal Agl-
ToUpYIKES eNIGPAOEIS, N CwUATIKA AOKNON AQevos Pev
Oleyeipel tnv KuKNO@OPIa TOU QiPaTtos Ota VEUPWVIKA
KukAdpata nou eynAgkovial ot yvwoukh Agtoupyia,
BeAuwvovtds v [63], apetépou ¢ éxel enibpaon oe
oAékANPO To veupikd olotnpa, auEavovias yevikod-
€A TN VEUPWVIKA Agitoupyia, e§nyvtas étal yiati
ouoxetiCetal N cwpatkh adpdvela Pe PEIWPEVN PUXIKA
UYEia Kal opIopéves Hop®és avoias [64].

O1 BeAuwoels otnv YPuxikh uyeia kar i idBeon,
eIkadetal du enituyxavovtal diapéoou NoANDY KevIpI-
KWV Kal NEPIPEPEIAKWDY AUENTIKWDY NApaydviwy onws
0l VEUPOTPOQIKOI NApdyovIes, ol Npo@AeyHOvOOEIS
Kuttapokives, ol veupodiafiBactés k.4. nou aneneu-
Bepvovtal otnv KUKAOQOPIa ToU aipatos PEow Twv
okeAgukwv puv. O1 napdyovies autoi cupfdnnouv
oty evioxuon tou avidvia SIKuwtoU oxnpatopou
Kal otnv avaPabpion s cuvanukhs NAAoTuKOTNTaS,
s veupoyéveans, tns devopitikhs avadliapodppwons
Kal s ayyelakns Aeitoupyias [17, 52, 65-67].

Anod tous npoava@epBévies NapdyovieEs, ol VEUPO-
pogIKol yeconafouv ota povondua NS VEUPOYEVE-
ons, NS AyYEIOYEVEDNS, TS JABNOoNS Kal tns ouvoAIKNS
wuxonoyikns uyeias Tou atépou. H doknon katéxel 1
NPWTEIQ yIa TNV KIvNTonoinon T€tolwv Napayoviwy
onws eival o eyke@anikds VEUPOTPOPIKOS napdyo-
vtas (Brain Derived Neurotrophic Factor, BDNF), o
IvoounAivouop@os autntkds napdyovias 1 (Insulin
Growth Factor 1, IGF-1) kai o ayyeiakds evboBniiakds
au&nukoés napdyovtas (Vascular Endothelial Growth
Factor, VEGF). O1 ouykekpipévol Napayovies ynopouv
va b1angpdoouv Tov alpatoeyKepaniké ppaypd Kal
va dpdoouv aneuBeias ots eyke@anikés Sopés, dGnou

Aertoupyouv ouvepyatkd yia tnv evioxuon tns NAact-
k&tntas, s Agtoupyias Kal ts uyeias Tou eykepanou.
O IGF1 og ouvbuaopd pe tov BDNF, puBpilouv us 61-
adikaoies s pdbnons, tns ocuvanukhs NAaoukdNTas
kal tns d1aBeons, ev, o IGF1 og cuvbuaoud pe tov
VEGF, npodyouv tnv ayyeioyéveon, th VEUPOYEVEDN
Kal tn pvhpn. H Bacikh nepioxn tou eykepAAou nou
evioxUetal and tous nNapandavw napayovies ival o
INnNokapnos. O IMNoKaPnos eUniéketal otn XwpIKN
pvApn kal otn pdbnon kai eival 16iaitepa eudnwtos
oto otpes. O1 WA (n.x. katdBnipn, diatapaxn peta-
paupaukou otpes, Sinodikh diatapaxn) npokanouv
ouppikvwon tou INnékapnou. H cwpatkh doknon
BeAuver tn dopikh nAaoukdNTa (M.X. VEUPOyEveon
kal devdpItkn avadiapdp@waon) Kal tn AIToupyIkn
nAacukotnta (N.X. cuvanukh NAAcukOTNTA) OToV
Innékauno. H veupoyéveon tou eykepdnou audve-
tal and ta avukatBAinukd eappaka kal n doknon
napopoiws Peiwvel ta KataBAinukéd cupnuata au-
Edvovtas tn veupoyéveon tou eykepdnou [7, 15, 17,
19-20, 52, 67-70].

MapdaddnAda, n cwpaukh doknon givar n kanutepn
ouaoionoyikh péBodos tns pitoxovoplakns Bloyéveons
[44], kUplos puBpuioths Tns onoias, Gnws Kal NS PETa-
Bonikns uyeias twv YUy, €ival 0 CUVEVEPYOMOINTAS
1a tou evepyonoloUpevou and noANanAacIactEs twv
unepofuowpdtwy unodoxéa y (peroxisome prolifer-
ator-activated receptor gamma coactivator 1-alpha,
PGC-1a). H evepyonoinon tou PGC-1a eivar avénoyn
s évtaons ts doknons kal puBuilel noAfous napd-
YOVIES NOU eunAékovIal otn PItoxovoplakh opoldota-
on Kkal us petafonikés npooappoyEs. H ékppaon tou
PGC-1a peidvetal ge tnv kaBioukh {wn kail n peiwon
QUTh NApPATNPEITal O GTOpA PE EVIOVN UMOKIVNTKO-
nta 6nws €ival kail ol ndoxovies ané WA [52, 70].

Eival onpavukd wotdoo va toviotel 6u otn diebvin
BiBAioypagia avapépovtal kar adfol NM, péow twv
Onoiwv, Ol CUPPETEXOVTES OE HAKPOXPOVIA NPoypAp-
gata cwpatkhs doknons BeATIMVOUY TNV UyEia Tous
Kal t0 NpoaddKipo (whs tous. O Np®tos and autous
gival n Bk cuoXEUon s AOKNONS HE TO PAKOS Twv
tedopepv. Ta tenopepn, Nou cuvdéovtal AUETA PE TO
npoodokipo lwns, eivar €101kés enavannnukés afin-
Aouxies (euymv BAcewy nou Ppiokovtal ota Kpa Twv
ypaupIkav popiwv DNA. To kanviopa, n naxuoapkia
Kal 10 XpdvIo Ayxos €ival opliouévol and tous Adyous
nou au&avetal n oeidwukn BAGRN tou opyaviououy,
ennpedadovtas apvnukd to PNkos twv tedodepwy [52,
71]. Menétes éxouv Geitel du ta phkn twv teNoPEPWV
augavovtal pgetd and xpdvia npondévnon avioxns. Ta
dropa pe uynAdtepn KapdloavanveuaoTtikA IKAVOTNTa
éxouv kal peyanutepa pnkn tefopepv [52, 72].

O 6eutepos NM &ival o1 ENIYEVETKES TPOMOMOINCEIS
MEOW TNS OWPATKAS doknons. H cwpatkh doknon,
éxel anodeixBei 6u gival évas anod Tous IoXUPOTEPOUS
pn @apuakoioylkoU TUNou eniyevetukoUs pUBUIOTES.
Ta euphpata TekUNPIMVOUY Ty dnoyn OU N CWHAtKN
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doknon aokei peydnin enidpaon oto kapdiayyeiakd
oUotnpad péow s BeAtiwons tns avuogeidwTKNS
IKavOTNTas, JEow Twv PETABOAWY OTNV APXITEKTOVIKNA
tou evboBnAiiou kal TeAIKE PECW TWV ENIYEVEUKWDV
pononolncewv (Ue onpavukdtepn t pebuniwon
tou DNA). H cwpaukh doknon npokanei enyevetkeés
TPOMOMOINGEIS, O onofes puBpidouv Tous pnxaviopous
petaypapns dlapodpwy yovidiwv atov eyképano. Yu-
vTovidel Katd autdv Tov TPOMo TS NPOCAPHOCTKES OU-
UNEPIPOPIKES AVUOPATEIS OE OTPECOYOVES KATAOTATEIS.
TUVENWS, N CWPAUKN doknaon, Pe tn pecondpnon twv
EMNIYEVEUKDV PNXAVIOPDV, NPOAYEl TN VEUPOYEVEDN,
v veuponAaoukdINta Kal i ypnyopdtepn anoka-
1dotaon wwv BAapmv otov eyképano [52, 70, 73-74].

TéAos, o tpitos NM eival n avueAieypovadns eni-
dpacn nou aokei n doknon. ®Aegypovdns andkpion
napatnpeital yéais 1a kKUTtapa Tou avooonoinTuKoU
ouUCTAPATOS avixveloouv onuddia Aoidwéns h IoTKoU
paupaucpoU. H puikn katandvnon katd i didpkeia
s doknons npokafei eAgypgovddn andkpion nou
ouvobeletal and diNBnon Pakpo@aywy Kal oudete-
POQIAWY OTOUS KATECTPAPEVOUS IoToUs. H napandvw
biadikaoia €ival 0 1PdMNos Nou enituyxavetal n auénon
NS puikns padas kai n peiwon s AIToupyIkns ava-
nnpias kal tns kénwons [45, 52, 75-76].

Méow 6Awv twv napandvw NM nou avagépovtal
otnv BiBnioypagia, ynopouv uné kataAnnAes npoU-
noBéaels (N.x. akpoxpovia CUPPETOXN og dounpéva
npoypdupata doknons) va weeAnBolv onpavukd Kal
ol aoBeveis pe WA.

lMpoypduuata doknons yia dtopa pe WA

H cwpaukh doknon Aoindv, unopei va avayvwpl-
otel ws Bepaneia NPWINS ypapuns yia apketés WA, H
BiBRioypa@ia tovicel 6u n enituxia h n anotuxia evés
npoypdpuatos doknons yia dtopa pe WA e€aptdral
anoé 61apopous NApayovies dnws o TUros, N évtaon,
n ouxvétnta kai n Sidpkela tns doknons, N NAIKia Kal
N QUOIKA Katdotaon tou aoBevous, N Jakpoxpovia
béopeuon kal 1o av yivetal atopikd h opadiké [18,
55, 59]. Enions ta npoypdupata doknons npénel va
oxedialovtal, va enifAénovtal kal va kaBodnyouvral
and e€e1dikeupévous eknaldeUTKoUs €IBIKNS PUOIKNS
aywyns Je ePneipia ota cwpatkd kar yuxodoyikd
XAPAKINPIOUKE twv acBeviv pe WA [18, 37-38, 53].

‘Ooov apopd thv cuvtayoypdpnoh s>, ol ka-
teuBuvtnplies odnyies tns EWE cuothvouv tn xphon
agpoPIas AoKNONS PETPIAS/EvIovNS €VIAOoNS PE CUXVO-
nta 2-3 gpopés v BSoudda kar ouvonikn Sidpkeia
150 Aentd, wote va eniteuxBolv 1a npoavapepBévia
BlofAoyikd, kovwvikd kal yuxonoyiké opén [42, 53].
Anfol epeuvntés unodeikvuouv 6u td dropa pe WA
NPENEI va aokouvtal YE PETpIas éviaons doknon €ni-
ons yia 150 Aentd v BOopada h névie nuépes tnv
eBoopada pe 30 Nentd tnv nuépa [76]. Otav dpws n
dpaotnpidtnta ival éviovn Ba npénel va ekteneital
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toudxiotov Tpels NpEPES tnv efOopada yia touAdxi-
otov 75 Aentd tn ouvedpia [77].

O1 EUEPYETKES ENIMTMOEIS MOU oxetidovial Pe v
doknon pnopouv va AGBoUV XWpa e T CUUHETOXA OE
pakpoxpoévia anid kal og Bpaxuxpdvia Npoypdupata
doknons. Qotdoo, n €peuva éxel OeiEel du onpavukd
0QEAN OTN PEIWOoN TWV ayXWTKWY Kal KataBAInuKoV
OUPNTWUATWY twv atdpwy pe WA enituyxdvovial o
peyadutepn kAiyaoka GTaV CUPPETEXOUV OE HAKPO-
xpévia npoypdauuata [61-62, 78-80] doknons and
ou o€ Ppaxuxpdvia npoypdupata doknons [81-87].

LYMMNEPAZMATA

ZUPNEPAoPATKE, N cwpatkh doknon Pnopei va
npoo@épel noAnd yuxonoyikd, cwuatkd Kal Kol-
voviké o@éin aAnd kal va peimoel t cofapdtnta
noANdv cupnmpdtwy nou oxetdovial Ye HIGPopes
WA. Yndpxouv nonnés veupoPionoyikés «unoBEoels»
nou pnopouv va eEnynhoouv T Peydan noikidia twy
NapatnPOULEVWV ANOKPICEWY TOU Opyaviopou otny
doknon. H ouppetoxn og npoypdupata aoknons
Qaivetal va BeAumvel tn 61dBeon evepyonolmvias
OUYKEKPIUEVES MEPIOXES TOU eykePaAnikoU gAoloU Kal
npokanvias tnv anefeuBépwon veupodiafifactov
Kal VEUPOTpO®IK®V napayodviwy. MNapaninia, aive-
1al va npokanei 1boo veupoyeveon 60O Kal ayyeloyE-
VEON, Ol onoies gival onpavukes yia i BeAtiwon s
yvwoukns feitoupyias kal yia t BeAtiwon tns uyeias
twv aoBevav pe WA,

MPOTALEIZ

MNa v eEaywyn aoPanéctepwy Kal Nio YEVIKEUPE-
VWV oupnepaoudtwy npoteivetal n dnpioupyia apymv
opadwv WA (n.x. yévo pe katddaiyn h pévo pe 16go-
yuxavaykaotukh diatapaxn) ol onoies Ba anotefouvial
and apKeToUs CUPUETEXOVTES Kal Ba CUPPETEXOUV OF
HaKPOXpOVIa Npoypdpuata owpatkns Aoknons Pe
WEtpia npos uynAn évtaon (60-85% VO, ), ikavn
diGpkela (toundxiotov 6 PAves) Kal ocuxvotnta (4-5
Qopés/eBdoudda) yia v avantuén éAwv twv opéni-
PV Npocapuoywy, oxedlacuéva and eEeIIKEUUEVOUS
eknaibeutikoUs €161KNS PUOIKNS aywyns KaBws kal na-
pakofouBnon éAwv twv anoteAEoPATWY YIa APKETOUS
pnves (follow up) petd 1o NéPas Twv NPOYPAPUATWY.
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Kal ol 6 NpWTol cuyypageis. Xtov nivaka s BifAioypagias nepifapfavovial yévo exeives ol BIBAIOypapIkés
NaPAnopnés nou avapépovial oto KEiPEVO Kal 0 Nivakas ouvtdoostal Pe au&ovia apiBud nou avuotoIxel otn
oglpd epPavions twv BIBAIoYPaPIKOY Napanopn®y oto KEIUEVO M.X.

Mivakes: Tpdgovtal o€ Eexwploth oenida, petd 1o Aos twv BIRAIoypadik@y avapop@y. ApiBuouvial Ye
oglpd €PPAVIONS TOUS OTO Kefuevo kal ouvodevovtal and clviopn eneghynon.

Eikdves: Anooténfovtal ta npwtdtuna oxédia h pwtoypagies kanns noidétntas. Na unofdannovtal oav apxeia
€lkévas Eexwplotd ano 1o keipevo tou MS Word. ApiBuouvial pe tn ogipd epeAavions oTo KelPevo. 110 Kei-
pevo Ba npénel va undpxel caphs napanopnn otov ttlo twv NAEKTPOVIKDY apxeiwyv. Ze &exwploth oenida
avaypdeovtal ol Utiol Twv EIKGVWY Kal 01 TUXOV ENeENYNOEIS.

latpikn Agovtofoyia: Y& NEPINTWOEIS EQEUVMOV MOU aPOPOoUV avBpwNous, N €épeuva NPENEl va €Xel YiVel
pe Paon tn diaknpugn tou EAaivki (1975). L& NePINTOOEIS pwTOYPAPI®V aoBeviyv, Ba npénel va undpxel
€yypaen ouykatabeon.



2uvodeuTIKO évtuno unoBaAAdopevNG epyaociag

©a npénel va cupninpwBouv OAA ta onpeia tou eviunou. AANn cuvodsutkn eniotonn dev eival anapaitntn.

Eidos apBpou (onueitdote povo éva)
Q Epsuvnukn epyacia O Bpaxeia epyaacia - evbiapépov nepiotatkd O Avaokénnon
Q Bpaxeia avackénnon O Eibiko dpbpo QA Mpdppa otn ouvtaén T Neupo-€IKOVES

TitAos:
YneuBuvos yia v afdndoypaia cuyypapéas:
AlguBuvon:

TnAgpwvo: FAX: e-mail:

EniBepaiote v nAnpdnta s unofonins tou xelpoypdeou aas, onpeiwvovias OAA ta napakdtw onpeia

TitAos tou dpBpou ota EAANvIKA Kal ota AyyAikd pe PIKpd ypdupata

Ovoépata ouyypapéwv ota EARnvikd kal ota AyyAikd (mAnpn ovéuata n.x. Nikénaos MNanaboénounos)
Kévipo npoéneuons tns epyacias ota EAAnviké kal ota AyyAikd

Aopnpévn nepidnyn ota EAANvIKG kar ota AyyAikd

[ W Sy W W]

‘Ews névie NéCels eupetnplacpou (katd npotiunon and to MeSH Hellas-Bioiatpikh Oponoyia) ota EAANvikd
kar ota Ayynikd

O OAda ta ovopata twv cuyypagéwy ous BIBAIOYPAPIKES NAPAMOUNES
(L€xpl 6 Kal 0T OUVEXEIQ «Kal OUV.» N «et al»)

Q H BiBrioypapia ous teAsutaies oenides twv dpBpwv

Anflwon
AnAmvw unevBuva ou:

1. OAol oI ouyypageis NS €pyacias CUPPWVOUV UE TO MEPIEXOUEVO TNS KAl YE TNV unoPfoin tns
oto nepIodIkG: Apxeia KAivikns Neuporoyias.

2. To ibio kefpevo h ta anoteféopata tns epyacias dev éxouv unoPAnBei yia dnpooieuon os dANo EAANVIKG
h E&vo Neplodikd.

3. AnAdvw unglBuva éu dev undpxel B¢pa unokAonhs nveupatkns 1610KTNGias (o nepintwon eIKOVWY,
nivékwv h udikou ané dines dnuooievoel éxel (ntnBei kal AN@Bel n vopiun adeia n onoia

kal ouvunofdnnetal).

4. Aev undpxouv Bépata oUYKPoOUOoNS CUPPEPOVIWY — OE NEPINTWon Ewtepikns Xxpnuatoddtnons autd Ba
npénel va avagpépetal oto €Aos tns Epyacias.

O unevuBuvos yia tnv adindoypagia cuyypagéas

(unoypaon)





