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INTRODUCERE

Prevalenta dementei Alzheimer in randul americanilor cu varsta de 65 de ani si peste
reprezinta o preocupare in crestere, cu 6,2 milioane de persoane afectate in prezent, cu proiectia de
a creste la 13,8 milioane pana in 2060. Aceasta crestere impune o povara semnificativa economica
si sociald, datorata costurilor de diagnosticare, tratament si ingrijire pe termen lung. Detectarea
deficitului cognitiv incipient, Mild Cognitive Impariment (MCI), un precursor al dementei, este
cruciald, impunand necesitatea unor instrumente de evaluare eficiente in contextul constrangerilor
de resurse.

O recenta meta-analiza a evaluat teste cognitive pentru detectarea MCI, evidentiind
punctele forte ale testelor precum Quick Mild Cognitive Impairment Screen (Qmci) si Memory
Alternation Test (M@T) datorita preciziei acestora. In contrast, Mini-Mental State Examination
(MMSE) a demonstrat o sensibilitate mai scazuta. Disfunctia vizuala este frecventa in cadrul
declinul cognitiv si afecteaza activititile de zi cu zi. Intelegerea acestor deficite poate imbunatiti
strategiile de ingrijire a pacientilor.

Cercetari recente care vizeaza strategiile de explorare vizuala in stadiile incipiente ale bolii
Alzheimer, dezvaluie modele distinctive la cei cu deficite cognitive usoare. Tehnologia de urmarire a
ochilor (eye-tracking) si parametrii generati de aceasta pot oferi informatii despre severitatea si
natura deficitelor cognitive, cu potentiale aplicatii in diagnostic, tratament si monitorizare.

Ipoteza centrald a cercetarii se concentreaza pe deficitul cognitiv de etiologie vascularg,
propunand corelatii intre modelele de miscare a ochilor, performanta in cautarea vizuala si
deficitele cognitive. Tehnologia de urmarire a ochilor (eye-tracking) prin caracterul sau non-invaziv
faciliteaza detectarea precoce, permitand interventii la timp si ingrijire personalizata. Metodologia
utilizata Tn aceasta lucrare vizeaza tulburarea cognitiva post-accident vascular cerebral, combinand
metode traditionale si avansate de analiza a datelor. Abordarea interdisciplinara asigura
descoperiri robuste si contribuie la intelegerea si gestionarea tulburarii cognitive vasculare.



STADIUL ACTUAL AL CUNOASTERII

Dementa vasculara este caracterizata de disfunctie cognitiva precoce, predominant printr-
un sindrom de tip disexecutiv, implicind compromiterea capacitatii de planificare, secventierea si
viteza de procesare, alaturi de deteriorarea memoriei si simptomele corticale. Semnele clinice
initiale includ functie motorie afectata, tulburari de coordonare, tulburari de mers si modificari ale
starii generale. Disfunctia cognitiva vasculara (DCV) implica deficiente cognitive in cadrul atentiei,
vitezei de procesare si functiilor executive, adesea insotite de schimbari comportamentale precum
apatie si depresie. Simptomele comportamentale si psihologice ale dementei (SPD) dezvaluie
manifestari de tip psihotic si grupuri de simptome frontale, cu apatia si agitatia prevalente la
pacientii cu DCV si dementa cerebrovasculara. Tulburarea cognitiva vasculara afecteaza diverse
domenii cognitive si non-cognitive, subliniind natura sa complexa.

Diagnosticul disfuntiei cognitive vasculare (DCV) prezintad provocari datorita naturii variate
a deficientelor cognitive in afectiuni precum boala cerebrala cu vase mici (cSVD). Testarea
neuropsihologica, inclusiv evaludrile memoriei de lucru, atentiei si capacitatilor de planificare, este
crucialg, dar nu poate duce direct la un diagnostic. Variante geografice exista in alegerea testelor de
diagnostic, Asia favorizand screening-ul, Europa punand accentul pe teste de atentie si functii
executive, si America de Nord utilizand teste de fluenta fonemica. La nivel global, Mini-Mental State
Examination (MMSE) si Montreal Cognitive Assessment (MoCA) sunt utilizate pe scara larga. Baterii
neuropsihologice specifice au fost dezvoltate, inclusiv cele adaptate pentru populatii vorbitoare de
limba franceza, oferind o precizie de diagnostic fiabila si o evaluare cuprinzatoare a domeniilor
cognitive si functionale. Colaborarea cu psihiatri este recomandata pentru gestionarea schimbarilor
neuropsihiatrice. Chestionarele validate si procesarea semiautomata a datelor MRI contribuie la
diagnosticarea accidentelor vasculare mici la pacientii cu deficiente cognitive, contribuind la
eforturile de standardizare.

Cautarea vizuala este o activitate cruciala pentru oameni si animale, oferind informatii cu
privire la diverse aspecte ale strategiilor de cautare vizuala si ale cognitiei. Aceasta include
cautarea spatiala, atentia, controlul miscarilor ochilor, memoria, luarea deciziilor si mecanismele de
recompensa. In timp ce oamenii exceleazi in ciutarea vizuald, replicarea acestei abilititi la roboti
ramane o provocare. Cercetarea se concentreaza pe intelegerea functiilor cerebrale subiacente,
sustinuta de date psihofizice si coreldri cerebrale. Mecanisme si strategii implica cunoasterea
tintelor, a elementelor care distrag privirea, a statisticii, a probabilitatilor de locatie, a indiciilor
contextuale, a contextului scenei, a recompenselor si a prevalentei tintei. Atentia vizuala are o
capacitate temporala limitata, iar mecanismele neurale paralele si secventiale sunt implicate in mod
relativ egal. Modelele de cautare paralela sugereaza sincronizarea neuronilor V4 in timpul cautarii
tintelor, influentata de preferintele de caracteristici si de atentia spatiala. Utilizarea mecanismelor
paralele si seriate depinde de complexitatea sarcinii si de suprapunerea elementelor menite sa
distraga privirea. Regiunea cerebrala V4 actioneaza ca o etapa intermediara, influentata de
caracteristicile generale ale obiectelor si de feedback-ul din structurile implicate in atentia spatiala
si functiile oculomotorii, dezvoltand o asa numita harta pentru selectarea stimulilor, in functie de
relevanta lor pentru privitor.

Cautarea vizuala este un proces cognitiv care implica detectarea unor elemente specifice in
aranjamente vizuale complexe. Bolile neurodegenerative precum dementa pot afecta aceasta
abilitate. Deficienta cognitiva vasculara (DCV) este legata de boala cerebrovasculara, necesitand o
intelegere cuprinzatoare a mecanismelor cautarii vizuale in DCV 1n scopul diagnosticarii si



tratamentului. In DCV, microinfarctele si leziunile de materie alba distrug reteaua de atentie dorsali
(DAN) si reteaua de atentie ventrala (VAN) din creier. Cortexul inferotemporal, crucial pentru
recunoasterea obiectelor, este de asemenea afectat, impiedicand capacitatea de a recunoaste si de a
diferentia intre obiecte. Pacientii cu DCV experimenteaza reactii intarziate, precizie mai mica si
erori crescute 1n sarcinile de cautare vizuala, indicand deficiente in atentie si functionare executiva.
Managementul eficient si terapiile pentru DCV necesitd intelegerea acestor mecanisme.

Studiul 1. Asocierea intre parametrii de fixare a privirii si evaluarea
neuropsihologica dupa accident vascular cerebral ischemic

Obietive:

Obiectivul principal al studiului a fost de a investiga si evalua in mod cuprinzator
capacitatile cognitive si de procesare vizuala ale persoanelor care au suferit un accident vascular
cerebral intr-un mod longitudinal. Cercetarea efectuata a presupus trei vizite separate si a implicat
un total de 84 de pacienti care au suferit un accident vascular cerebral ischemic supratentorial.
Procesul de selectie a acestor participanti a fost realizat cu o grija deosebita pentru a asigura ca
constituirea unui esantion reprezentativ. Comportamentul vizual al subiectilor a fost analizat cu
ajutorul unui dispozitiv de urmarire a ochilor de tip eye-tracking, in timp ce efectuau o sarcina de
cdutare vizuala si au fost supusi testelor psihologice standard in cadrul fiecarei sesiuni. Accentul a
fost pus pe parametrii de fixiare a privirii in contexul efectuarii unei versiuni modificate a testului
Trial Making Test. Aceste metrici includ durata primei fixatii, numarul de fixatii, durata fixatiei si
durata totald a fixatiei. In plus fati de administrarea acestui test, am utilizat Scala de Anxietate si
Depresie a Spitalului (HADS), evaludrile Digit Span Forward si Backward si Indexul de Viteza de
Procesare. Studiul nostru a avut ca scop examinarea impactului accidentului vascular cerebral
asupra acestor abilitati cognitive si evaluarea eficacitatii potentiale a terapiilor prin utilizarea
masuratorilor de fixare a privirii. Aceasta metodologie a furnizat parametrii de inalta precizie, in
timp real si obiectivi ale comportamentului de fixare a privirii in cadrul abilitatii de cautare vizuala.

Materiale si Metode

Acest studiu a implicat o analiza secundara a datelor a 84 de pacienti care au suferit un
accident vascular cerebrale ischemice supratentorial. Acesti pacienti au participat la un studiu clinic
desfasurat in cadrul Institutului RoNeuro din Cluj-Napoca, Romania, care a evaluat impactul N-Pep-
12 asupra recuperarii neurologice dupa accident vascular cerebral ischemic. Cercetarea a urmat o
abordare prospectiva, exploratorie, controlatd si randomizata. Studiul a inclus trei evaluari
principale: evaluari initiale efectuate intre 30 si 120 de zile dupa accidentul vascular cerebral, o
evaluare la 30 de zile (cu 61 de participanti) si o examinare finala la 90 de zile (cu 55 de
participanti). Studiul s-a confruntat cu probleme de abandon din cauza scaderii interesului,
dificultatilor In urmarire, nerespectarii indicatiilor In timpul sesiunilor de inregistrare si a datelor
insuficiente colectate cu dispozitivul eye-tracking, ceea ce putea afecta rezultatele studiului. Metoda
de urmarire a ochilor a folosit tehnologia Tobii Tx300, captdnd miscarile ochilor cu o rata de
esantionare de 250Hz. Participantii s-au asezat la o distanta de 65 cm de un ecran de 23inch.
Acestia au participat la un test de cautare vizuala (VSST), care implica o serie de sarcini, inclusiv
instructiuni, tinte punctuale centrale si un stimul adaptat dupa testul neuropsihologic TMT - Trail
Making Test. Acest studiu a avut ca scop evaluarea abilitatilor de cautare vizuala ale participantilor
prin comportamentul lor de fixare a privirii.



Rezultate si Discutii

La evaluarea initiala, s-a observat o corelatie pozitiva slaba pana la moderata intre scorurile
testului Symbol Search si Numirul de Fixatii. In cazul celei de-a doua evaluiri, s-au observat
corelatii negative semnificative intre scorurile testului Digit Span Forward si Digit Span Backward
si Durata Totald a Fixatiei Medii. Acest lucru sugereaza ca pe masura ce aceste scoruri ale testelor
cognitive scad, durata totald a fixatiei tinde s creasca. In timpul evaluarii finale, s-a descoperit o
corelatie pozitiva semnificativa intre nivelurile de anxietate masurate de Scala de Anxietate si
Depresie - Subscala de Anxietate (HADS-A) si Durata Primei Fixatii. Acest lucru implica faptul ca pe
masura ce nivelurile de anxietate cresc (asa cum sunt masurate de HADS-A), Durata Primei Fixatii
creste de asemenea. In contrast, Durata Primei Fixatii a prezentat o corelatie negativa cu scorurile
MoCA, sugerand ca pe masura ce performanta cognitiva (scorurile MoCA) scade, Durata Primei
Fixatii tinde sa creasca. Studiul nu a identificat schimbari semnificative in ceea ce priveste
parametrii de fixare a privirii intre diferitele vizite, conform analizei nonparametrice One-Way
Anova.

Concluzii

Studiul a avut ca scop evaluarea abilitatilor cognitive si de procesare vizuald ale
supravietuitorilor unui accident vascular cerebral si investigarea conexiunilor Intre parametrii de
urmarire a ochilor si evaludrile psihologice. Au fost efectuate diverse teste cognitive, relevante
pentru evaluarea vitezei de procesare, memoriei verbale pe termen scurt si atentiei. Unele
constatari cheie au inclus o corelatie pozitiva intre viteza de procesare si numarul de fixatii ale
privirii, o corelatie negativa intre memoria verbala pe termen scurt si durata totald a fixatiei si
asocieri Intre nivelurile de anxietate si durata prelungita a primei fixatii. Cu toate acestea, studiul a
avut o serie de limite precum dimensiunea redusa a esantionului, lipsa includerii caracteristicilor
leziunilor si miscarile sacadice ale ochilor. Rezultatele sugereaza o relatie complexa intre functia
cognitiva, rezultatele evaluarilor psihologice si fixarea privirii post-accident vascular cerebral,
subliniind necesitatea unor cercetdri suplimentare pentru a transforma strategiile de interventie si
programele de reabilitare pentru pacientii care au suferit un accident vascular cerebral.

Studiul 2. Comportamentul de fixare a privirii in timpul saccadelor ghidate vizual:
Posibile perspective asupra deficitului cognitiv vascular

Obiectiv:

Aceast studiu isi propune sa abordeze dintr-o perspectiva unica, cunostintele legate de
paradigma sacadelor orizontale, investigand parametrii de fixare a privirii la indivizii diagnosticati
cu Disfunctie Cognitiva Vasculara. Analiza acestor parametri se asteapta sa furnizeze posibili
indicatori pentru detectarea si intelegerea deficitului cognitiv in aceasta grupa de pacienti, in
contextul unei evaluari longitudinale. Descoperirile din aceasta cercetare ar putea duce la
dezvoltarea interventiilor inovatoare pentru atenuarea declinului cognitiv, imbunatatind astfel
calitatea vietii persoanelor afectate de accident vascular cerebral sau leziuni cerebrale traumatice.

Materiale si Metode

Studiul a utilizat date de la 70 de participanti care au suferit accidente ischemice
supratentoriale. Subiectii au fost evaluati folosind scale psihologice cum ar fi: MoCA - o unealta care



evalueaza abilitatile cognitive, inclusiv atentia, memoria, limbajul si functionarea executiva. Scala
Anxietate si Depresie (HADS) care evalueaza in mod global statusul emotional, cu subteste pentru
anxietate si depresie. Testele Color Trails 1 si 2 menite sa masoare atentia si flexibilitatea mentala.
Digit Span Forward pentr a evalua memoria auditivd pe termen scurt, in timp ce Digit Span
Backward a evaluat cu precadere memoria de lucru. Urmarirea comportamentului vizual cu Tobii
Tx300 a inregistrat miscarile precise ale ochilor, in timpul unui paradigme menite sa suprinda
sacade orizontale. Accentul principal al acestui studiu au fost parametrii de fixare a privirii in
contextul efectuarii testului sacade orizontale.

Rezultate si Discutii

In evaluarea noastra initiald, am descoperit asocieri semnificative si pozitive intre durata
primei fixari scorurile la Evaluarea Cognitivd Montreal (MoCA), Digit Span Backwards. Aceasta
corelatie evidentiaza ceea ce este cunoscut sub numele de "gap effect,” un fenomen bine stabilit In
domeniul cercetdrii oculomotricitatii. Efectul gap descrie observatia empirica ca timpul necesar
pentru inceperea miscarii oculare dupa prezentarea unui stimul vizual este, in general, mai scurt
atunci cand exista un interval de timp Intre Incetarea punctului de fixare initial si aparitia tintei
sacadei. Acest fenomen apare din procese responsabile pentru dezangajarea atentiei de la punctul
de fixare initial. Prezenta unui interval faciliteaza o dezangajare mai lina a atentiei, accelerand astfel
initierea sacadelor. Correlatiile pozitive sugereaza ca o duratd mai lunga a primei fixari oculare care
poate fi legata de performanta cognitiva superioara In mai multe domenii, inclusiv functia cognitiva
generald (asa cum este masurata de MoCA), memoria de lucru (Digit Span Backwards) si viteza de
procesare (Codificarea Simbolului Digit si sarcinile de Cautare de Simboluri).

Concluzie

Este important de mentionat c3, in ciuda valorii corelatiilor evidentiate in cadrul acestui
studiu, ele nu implica cauzalitatea. Este necesara o cercetare suplimentara pentru a obtine o
intelegere mai profunda a mecanismelor subiacente si a rezultatelor potentiale in aceste asocieri
intre comportamentul de fixare a privirii si performanta cognitiva.

Studiul 3: Parametrii de fixare a privirii la pacientii cu accident vascular cerebral: o
perspectiva a paradigmei antisacadice

Obiectiv:

Studiul a examinat longitudinal corelatia dintre parametrii fixatiilor privirii si scorurile
psihologice la indivizii post-AVC cu deteriorare cognitiva vasculara in timpul unui test antisacade
pentru a investiga asocierea dintre procesele de atentie si performanta cognitive In contextul
evenimentelor cerebrovasculare.

Materiale si Metode

Studiul a folosit o metodologie complexa, utilizind dispozitivul eye-tracking, Tobii Tx300
pentru a captura cu precizie miscarile binoculare ale ochilor la o rata de 250Hz. Participantii au
vizionat un stimul vizual de Tnalta calitate pe un monitor de 23 de inch cu o rezolutie de 1920x1080
de pixeli. Stimulul a constat dintr-un punct de culoare rosie, cu o saturare mare, prezentat pe un
fundal negru pentru contrast. Un test de tip antisacadic a fost utilizata pentru a examina controlul



inhibitor al miscarilor reflexe ale ochilor, cu modificarea pozitiilor punctului la diferite unghiuri.
Prelucrarea datelor a dus la colectarea variabilele de urmarire a ochilor, cum ar fi durata primei
fixatii, numarul de fixatii, durata medie a fixatiei si suma totala a duratei fixatiilor. Aceastea au fost
analizate pentru a intelege procesarea cognitiva si comportamentul oculomotor al participantilor.
In plus, evaludrile psihologice au furnizat informatii despre starea cognitivd si emotionald a
participantilor.

Rezultate si Discutii

Studiul a examinat relatia dintre modelele de fixare a privirii si factorii cognitivi/psihologici
la pacientii post-AVC cu deteriorare cognitiva vasculard, concentrandu-se pe parametrii de fixare ai
privirii in contextul paradigmeni antisacadice. Rezultatele au indicat ca duratele de fixatie mai lungi
au fost asociate cu o performantd cognitivd mai slaba, in special in sarcini legate de atentie,
memorie de lucru si abilititi cognitive generale. In mod interesant, studiul a dezviluit si ci aceste
corelatii au devenit mai semnificative In timp, sugerand faptul ca comportamentele miscarilor
ochilor pot evolua pe masura ce se dezvolta deteriorarea cognitiva vasculara dupa AVC. Cu toate
acestea, studiul recunoaste limitele, cum ar fi dimensiunea redusa a esantionului din cauza
pierderilor, care ar fi putut afecta generalizarea rezultatelor si sugereaza necesitatea unor strategii
imbunatatite de retentie in cercetarile viitoare.

Concluzii:

Acest studiu examineaza conexiunea dintre parametrii de fixare a privirii si performanta in
cadrul testelor psihologice la supravietuitorii unui AVC ischemic cu deteriorare cognitiva vasculara.
Prin utilizarea unei abordari longitudinale si a diferitelor evaluari cognitive/psihologice, cercetarea
aduce 1n lumina modul in care declinul cognitiv evolueaza dupa un accident vascular cerebral.
Concluziile sugereaza ca parametrii de fixare a privirii ar putea servi ca indicatori valorosi, non-
invazivi, ai controlului atentional si functiei cognitive In acest grup, atat in context clinic, cat si in
cercetare.
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INTRODUCTION

The prevalence of Alzheimer's dementia among Americans aged 65 and older is a growing
concern, with 6.2 million affected individuals today, projected to increase to 13.8 million by 2060. This
surge imposes significant economic and societal burdens due to diagnosis, treatment, and long-term
care costs. Detecting Mild Cognitive Impairment (MCI), a precursor to dementia, is crucial, necessitating
efficient assessment tools amid resource constraints.

A recent meta-analysis evaluated cognitive tests for MCI detection, highlighting the strengths
of tests like Quick Mild Cognitive Impairment Screen (Qmci) and Memory Alternation Test (M@T) for
their brevity and accuracy. In contrast, Mini-Mental State Examination (MMSE) demonstrated lower
sensitivity. Visual dysfunction is common in cognitive decline, affecting daily life activities.
Understanding these deficits can enhance patient care.

Further research explores spatial learning and visual exploration in early Alzheimer's, revealing
distinctive patterns in those with cognitive impairment. Eye-tracking technology and metrics offer
insights into cognitive deficits' severity and nature, with potential applications in diagnosis, treatment,
and monitoring.

The central research hypothesis focuses on Vascular Cognitive Impairment (VCl), proposing
correlations between eye-movement patterns, visual search performance, and cognitive impairments.
Non-invasive eye-tracking technology facilitates early detection, enabling timely interventions and
personalized care. This methodology targets post-stroke cognitive impairment, combining traditional
and advanced computational methods for data analysis. The interdisciplinary approach ensures robust
findings and contributes to understanding and managing vascular cognitive impairment.

STATE OF THE ART

Vascular dementia is characterized by early cognitive dysfunction, primarily dysexecutive
syndrome involving compromised planning, sequencing, and processing speed, alongside memory
impairment and cortical symptoms. Initial clinical signs include reduced motor function, coordination
issues, gait disturbances, and mood alterations. Vascular Cognitive Impairment (VCI) involves cognitive
deficiencies in attention, processing speed, and executive functions, often accompanied by behavioral
changes such as apathy and depression. Behavioral and Psychological Symptoms of Dementia (BPSD)
reveal mood, psychosis, and frontal symptom clusters, with apathy and agitation prevalent in VCI and
cerebrovascular dementia patients. VCIND individuals show cognitive deficits, especially in processing



speed and executive functions. Vascular cognitive impairment affects various cognitive and non-
cognitive domains, underscoring its complex nature.

The diagnosis of Vascular Cognitive Impairment (VCI) presents challenges due to the varied
nature of cognitive deficits in conditions like cerebral small vessel disease (cSVD). Neuropsychological
testing, including assessments of working memory, attention, and planning abilities, is crucial but may
not directly lead to a diagnosis. Geographical variations exist in the choice of diagnostic tests, with Asia
favoring screening, Europe emphasizing attention and executive function tests, and North America
utilizing phonemic fluency tests. Globally, the Mini-Mental State Examination (MMSE) and Montreal
Cognitive Assessment (MoCA) are widely used. Specific neuropsychological batteries have been
developed, including those tailored to French-speaking populations, offering reliable diagnostic accuracy
and comprehensive assessment of cognitive and functional domains. Collaboration with psychiatrists is
recommended for managing neuropsychiatric changes. Validated questionnaires and semi-automatic
MRI data processing aid in diagnosing small strokes in patients with cognitive impairment, further
contributing to standardization efforts.

Visual search is a crucial activity for humans and animals, offering insights into various aspects of
active vision and cognition. It encompasses spatial vision, attention, eye movement control, memory,
decision-making, and rewards. While humans excel at visual search, replicating this ability in robots
remains challenging. Research focuses on understanding the underlying brain functions, supported by
psychophysical data and brain correlates. Mechanisms and strategies involve knowledge about targets,
distractors, background statistics, location probabilities, contextual cues, scene context, rewards, and
target prevalence. Visual attention has limited temporal capacity, and both parallel and sequential
neural mechanisms are involved. Parallel-search models suggest synchronization of V4 neurons during
target searches, influenced by feature preferences and spatial attention. The utilization of parallel and
serial mechanisms depends on task complexity and distractor overlap. The V4 brain region acts as an
intermediary stage, influenced by feature-related enhancement and feedback from structures involved
in spatial attention and oculomotor functions, contributing to the salience map for stimulus selection.

Visual search is a cognitive process involving the detection of specific elements in complex visual
arrays. Neurodegenerative diseases like dementia can hinder this ability. Vascular cognitive impairment
(VCI) is linked to cerebrovascular disease, demanding a comprehensive understanding of visual search
mechanics in VCI for diagnosis and treatment. In VCI, microinfarcts and white matter damage disrupt the
dorsal attention network (DAN) and ventral attention network (VAN) in the brain. The inferotemporal
cortex, crucial for object recognition, is also affected, impairing the ability to recognize and differentiate
between objects. VCI patients experience delayed reactions, lower accuracy, and increased errors in
visual search tasks, indicating deficiencies in attention and executive functioning. Effective management
and therapies for VCI require understanding these mechanisms.

PERSONAL CONTRIBUTION

Study 1. Association between eye fixation metrics and neuropsychological assessment after ischemic
stroke

Aims

The primary objective of our study was to comprehensively investigate and evaluate the
cognitive and visual processing capabilities of individuals who have experienced a stroke in a
longitudinal manner. To examine potential correlations and the ramifications of actions within this
group, we initiated a comprehensive inquiry.
The research conducted consisted of three separate visits and encompassed a total of 84 stroke
patients. The selection process for these participants was conducted with careful consideration in order



to ensure that they constituted a representative sample. The subjects gaze was analyses with an eye-
tracking device while doing a visual search task and underwent standard psychological testing in each
session. Our focus was on important eye-tracking measures derived from an eye-tracking modified
version of the Trial Making Test. These metrics include first fixation duration, number of fixations,
fixation duration, and total fixation duration. In addition to administering other psychological tests, we
utilized the Hospital Anxiety and Depression Scale (HADS), the Digit Span Forward and Backward
assessments, and the Processing Speed Index. Our study aimed to examine the impact of stroke on
these cognitive abilities and evaluate the potential effectiveness of therapies through the utilization of
eye-tracking measurements. These metrics provided real-time and unbiased evaluations of visual search
and attention.

Materials and Methods

This study involved a secondary data analysis of 84 patients who experienced supratentorial
ischemic strokes. These patients participated in a clinical study conducted at the RoNeuro Institute in
Romania, evaluating the impact of N-Pep-12 on neurorecovery following ischemic stroke. The research
followed a prospective, exploratory, open-label, controlled, and randomized approach.

The study included three primary assessments: baseline evaluations conducted within 30 to 120
days post-stroke, a follow-up at 30 days (involving 61 participants), and a final examination at 90 days
(with 55 participants). The study faced dropout issues due to waning interest, follow-up challenges, non-
compliance during recording sessions, and insufficient gaze data, potentially affecting the study's
outcomes.

The eye-tracking method employed Tobii Tx300 technology, capturing eye movements at a
250Hz sample rate. Participants sat 65 cm away from a 23-inch screen with specific visual stimuli. They
engaged in a visual sequential search test (VSST) involving a series of tasks, including instructions,
central dot targets, and a Trail Making Test (TMT) stimulus. This study aimed to assess participants'
visual search abilities through their eye fixation behaviour.

Results and Discussion

At the initial assessment, a notable result was a weak to moderate positive correlation between
Symbol Search test scores and the Number of Fixations. In the second evaluation, negative significant
correlations were observed between Digit Span Forward and Digit Span Backward scores and the Total
Fixation Duration Mean. This suggests that as these cognitive test scores decrease, the total fixation
duration tends to increase. During the final evaluation, a significant positive correlation was discovered
between anxiety levels measured by the Hospital Anxiety and Depression Scale-Anxiety subscale (HADS-
A) and First Fixation Duration. This implies that as anxiety levels rise (as measured by HADS-A), the First
Fixation Duration also increases. In contrast, First Fixation Duration showed a negative correlation with
MoCA scores, suggesting that as cognitive performance (MoCA scores) decreases, First Fixation Duration
tends to increase. The study did not find any significant changes in fixation metrics between the
different evaluation visits, as indicated by the nonparametric One-Way Anova analysis.

Conclusions

The study aimed to assess the cognitive and visual processing abilities of stroke survivors and
investigate the connections between eye-tracking metrics and psychological evaluations. Various
cognitive tests were conducted, including assessments of processing speed, short-term verbal memory,
and attention. Some key findings included a positive correlation between processing speed and the
number of gaze fixations, a negative correlation between short-term verbal memory and total fixation
duration, and associations between anxiety levels and prolonged first fixation duration. However, the
study had limitations such as a small sample size, lack of consideration for lesion characteristics, and



saccadic eye movements. The results suggest a complex relationship between cognitive status,
psychological well-being, and gaze fixation post-stroke, emphasizing the need for further research to
inform interventions and rehabilitation programs for stroke patients

STUDY 2: Fixation behavior during visually guided saccades: Potential Insights into Vascular Cognitive
Impairment

Aim:

This study aims to address a critical knowledge gap by investigating eye fixation parameters related to
horizontal saccadic eye movements in individuals diagnosed with Vascular Cognitive Impairment (VCI)
and Mild Cognitive Impairment (MCI). The analysis of these parameters is expected to yield potential
markers for detecting and understanding cognitive impairment in this group over a longitudinal
assessment. The findings from this research could potentially lead to the development of innovative
interventions to mitigate cognitive decline, thereby improving the quality of life for those affected by
stroke or traumatic brain injury.

Materials and Methods

The study utilized data from 70 participants who had suffered supratentorial ischemic strokes
and were enrolled in a clinical investigation at the RoNeuro Institute for Neurological Research and
Diagnostic in Romania. The original sample size was 70, but due to various factors, including inadequate
gaze samples, non-adherence to recording procedures, fatigue, and stroke-related complications, the
number of participants decreased to 39 during the second visit and further dropped to 37 during the
third visit.

The Montreal Cognitive Assessment (MoCA) is a tool that evaluates cognitive abilities, including
attention, memory, language, and executive functioning. The Hospital Anxiety and Depression Scale
(HADS) assess emotional well-being, with subtests for anxiety and depression. Color Trails 1 and 2
measure attention and mental flexibility. Digit Span Forward evaluates short-term auditory memory,
while Digit Span Backward assesses working memory. The Processing Speed Index (PSl) measures task
performance speed and accuracy using Symbol Search tasks. Eye tracking with Tobii Tx300 recorded
precise eye movements, during an horizontal saccade paradigm and the primary focus were eye fixation
metrics during this recording.

Results and Discussions

In our initial evaluation, we unearthed significant and positive associations between the
duration of the first fixation during the temporal gap period and scores on the Montreal Cognitive
Assessment (MoCA), Digit Span Backwards, Digit Symbol Coding, and Symbol Search Processing Speed
Index. This connection highlights what is known as the "gap effect," a well-established phenomenon in
the field of saccade research. The gap effect describes the empirical observation that the time it takes
for ocular motion to commence following the presentation of a visual stimulus is generally shorter when
there is a temporal gap between the cessation of the initial fixation point and the appearance of the
saccade target.

This phenomenon is thought to arise from processes responsible for disengaging attention from
the initial fixation point. The presence of a gap facilitates a smoother disengagement of attention,
thereby expediting the initiation of saccades. Our positive correlations suggest that a longer initial
fixation duration may be linked to superior cognitive performance across multiple domains,
encompassing overall cognitive function (as measured by MoCA), working memory (Digit Span
Backwards), and processing speed (Digit Symbol Coding and Symbol Search tasks). This observation



aligns with the hypothesis that the initial encoding of visual information, as reflected by the first fixation
duration, plays a fundamental role in subsequent cognitive processing.

Additionally, the negative correlation between the total fixation duration during the gap period
and the time taken to complete the Color Trails Test 2 implies that longer overall fixation durations may
be associated with quicker task completion. This is intriguing considering that the Color Trails Test is
often employed as an indicator of cognitive flexibility, attention, and visual search speed.

In the second visit, our results suggest potential correlations between task performance related
to attention, processing speed, and depression and several eye-tracking metrics, including the number
of fixations, mean fixation durations during gap periods, and mean first fixation durations during gap
periods while executing a visually guided saccade at a 10-degree visual angle to the right.

During the third visit, we consistently observed a negative correlation between mean fixation
duration on gap areas and the time required to complete the Color Trails 1 task. This consistent finding
supports the notion that extended fixation durations on gap areas, indicative of focused attention or
efficient visual processing, contribute to faster task completion.

Furthermore, the positive correlation between mean fixation duration on gap areas and the
MoCA total score, observed at baseline and during subsequent visits, strengthens the argument that
fixation duration may be associated with cognitive functioning. Extended fixations on gap areas may
enable more efficient encoding or processing of visual information, potentially enhancing performance
on comprehensive cognitive tests like the MoCA.

Notably, we identified a significant positive correlation between the mean duration of the first
fixation at a 10-degree stimulus to the right and the time required to complete the Color Trails 1 task.
This intriguing finding suggests that longer initial fixations when viewing a stimulus presented at this
angle are associated with longer task completion times. This result contradicts our earlier findings
regarding mean fixation duration, indicating that the timing and direction of fixations may differentially
impact cognitive performance.

Finally, we observed a positive correlation between the number of correct responses on the
Symbol Search task and the mean fixation duration during a horizontal eye movement to the right at an
18-degree visual angle. This suggests that extended fixation durations may be linked to greater accuracy
on this task, possibly due to a more focused or exhaustive visual search strategy.

Conclusion

It's important to note that while these correlations provide valuable insights, they do not imply
causation. Further research is needed to gain a deeper understanding of the underlying mechanisms and
potential outcomes in these eye-tracking and cognitive performance associations.

STUDY 3: Fixation metrics in stroke patients: an antisaccade perspective

Aim: The study longitudinally examined the correlation between fixation metrics and psychological
scores in post-stroke individuals with vascular cognitive impairment during an anti-saccadic eye
movement test to investigate the association between attentional processes and cognitive outcomes in
the context of cerebrovascular events.

Materials and Methods

The study employed a comprehensive methodology using the Tobii Tx300 eye tracker to precisely
capture binocular eye movements at a rate of 250Hz. Participants viewed a high-quality visual stimulus



on a 23-inch monitor with a resolution of 1920x1080 pixels and a 60Hz refresh rate. The stimulus was a
red dot with high saturation and was presented on a black background for contrast. An anti-saccade task
was used to examine inhibitory control of reflexive eye movements, with the dot changing positions at
different angles. Data processing involved systematic data exclusion to ensure research reliability, and
eye tracking variables such as First Fixation Duration, Number of Fixations, Fixation Duration Mean, and
Total Fixation Duration Sum were analyzed to understand participants' cognitive processing and
oculomotor behavior. Additionally, psychological assessments provided insight into participants'
cognitive and emotional states.

Results and Discussions

The study examined the relationship between eye movement patterns and
cognitive/psychological factors in post-stroke patients with vascular cognitive impairment, focusing on
antisaccade metrics like fixation duration. Results indicated that longer fixation durations were
associated with poorer cognitive performance, particularly in tasks related to attention, working
memory, and overall cognitive abilities. Interestingly, the study also revealed that these correlations
became more significant over time, suggesting that eye movement behaviors may change as vascular
cognitive impairment develops post-stroke. However, the study acknowledges limitations, such as a
reduced sample size due to attrition, which may have impacted the generalizability of the findings and
suggests the need for improved retention strategies in future research.

Conclusions:

This study examines the connection between eye movement patterns (antisaccade metrics) and
cognitive/psychological well-being in stroke survivors with vascular cognitive impairment. By employing
a longitudinal approach and various cognitive/psychological assessments, the research sheds light on
how cognitive decline evolves following a stroke. The findings suggest that eye-tracking measurements
could serve as valuable, non-invasive indicators of attentional control and cognitive function in this
group, both in clinical and research contexts.



