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. INTRODUCTION

The conceptual evolution of inflammation goes through
complex stages, from the empirical descriptions of ancient
medicine to the molecular elucidations offered by contemporary
biomedical sciences. Inflammation, defined as an immune
response essential to restore tissue integrity, can however
become pathologic, especially in the context of chronic or

postoperative inflammation. The present work investigates the



relationship between the systemic inflammatory response and
the occurrence of neurological complications, in particular
delirium and postoperative cognitive dysfunction (POD/POCD),
in patients undergoing open-heart surgery. The central
hypothesis holds that these manifestations are mediated by
inflammatory processes that cause changes in the Blood-Brain
Barrier (BBB) and affect the central nervous system. The
increased prevalence of these complications, particularly in
elderly patients, has significant implications on prognosis,
mortality, length of hospitalization and quality of life. Early
identification of risk factors and implementation of
multidisciplinary prevention strategies are essential and have
the potential to reduce the incidence of these conditions by up to
30%.

Il. OBJECTIVES OF THE STUDY

The primary aim of the study is to prospectively assess the
association between the magnitude of postoperative systemic
inflammatory response and the occurrence of POD and POCD
in patients undergoing elective open-heart cardiac surgery.
Specific research objectives:
1. To quantify the postoperative systemic inflammatory response
by serial measurement of a panel of selected biomarkers

represented by: Systemic Immune-Inflammatory Index (SllI),



Systemic Inflammatory Response Index (SIRI),
Neutrophil/Lymphocyte Ratio (NLR), C-Reactive Protein (CRP),
Interleukin 6 (IL-6) and Interleukin-17A (IL-17A).

2. To determine the predictive value of the preoperative levels
and early postoperative dynamics of these biomarkers for the
risk of developing POD (assessed by CAM-ICU scale) and
POCD (assessed by cognitive screening tests - MMSE, MoCA)
in the first postoperative days and at 3 months.

3. To analyze the correlation between specific preoperative and
intraoperative clinical risk factors and the levels of postoperative
inflammatory biomarkers, investigating their potential combined
effect on patients' susceptibility to develop POD and POCD.

By achieving these objectives, the research aims to contribute to
a better understanding of the pathophysiologic mechanisms
linking systemic inflammation to acute and persistent brain
dysfunction after cardiac surgery.

The results could inform the development of improved strategies
for risk stratification, monitoring and, potentially, prevention or

management of these common neurologic complications.

[l STUDY DESIGN
We conducted an observational, prospective, cohort, single-
center, single-center, observational study in the Clinical

Department of Anesthesia and Intensive Care of the Institute of



Cardiovascular Diseases of Timisoara. The patient inclusion
period ran from February 15, 2024 to September 1, 2024. The
study included adult patients scheduled for elective open-heart
elective cardiac surgery.

The research project received the approval of the Scientific
Research Ethics Committee of the Institute of Cardiovascular
Diseases of Timisoara (protocol code 2098/16 March 2022) and
the Ethics Committee of the Victor Babes University of Medicine
and Pharmacy Timisoara (protocol code 91/29 April 2022). All
study participants signed a written informed consent prior to
enrollment and performance of any study-specific procedure.
After establishing inclusion and exclusion criteria for patients in
the study, we performed preoperative, intraoperative and
postoperative data collection.

Biologic collections to assess the inflammatory response (SlI,
SIRI, NLR, CRP) were performed at predetermined intervals
(24h  and 48h postoperatively). Plasma samples for
determination of interleukins (IL-6, IL-17A) were collected in
tubes with anticoagulant and centrifugation and storage was
performed according to standardized recommendations to
ensure the molecular stability of the analytes and the accuracy
of the results obtained by enzyme-linked immunosorbent assay
(ELISA).

Patients were systematically monitored postoperatively for the



occurrence of both POD and POCD.
Assessment of postoperative delirium (POD):

- Assessments were performed twice daily (morning and
evening) by trained anesthesiologists or residents as part of
routine clinical assessment in.

- Sedation/agitation level was assessed daily using the
RASS scale. Patients with RASS score -4 or -5 (coma/deep
sedation) were not evaluable for POD.

- For evaluable patients (RASS score = -3), the presence of
delirium was determined using the validated CAM-ICU tool.

- CAM-ICU monitoring began on the day of extubation and
continued daily for up to 7 days postoperatively or until

discharge from the ICU/hospital, whichever occurred first.

Assessment of postoperative cognitive dysfunction
(POCD):

- POCD was assessed by a cognitive screening approach
using MMSE and MoCA tests.
Statistical analysis
Statistical analysis was performed using Microsoft Excel
software (version 2021) for data management and JASP
statistical program (version 0.19.2).
We performed (a) Descriptive Statistics, (b) Inferential Statistics,

(c) Correlation Analysis, (d) Regression Analysis, (e) Repeated



Comparisons, (f) Significance Threshold and Effect Size, (g)

Multiple Comparisons Correlations, (h) Sensitivity Analysis.

V. RESULTS

We statistically analyzed the correlations between
inflammatory biomarkers and the occurrence of POD/POCD in
the entire cohort revealing a significant systemic inflammatory
response in the postoperative period. Further to identify factors
associated with the development of postoperative cognitive
complications, we compared the characteristics of patients who
presented with the composite outcome of POD/POCD (Group 1,
N = 22) with those who did not present with these complications
(Group 2, N = 66). In calculating the results we took into
account:

- Preoperative demographic and clinical factors

- Intraoperative factors

- Postoperative factors

- Inflammatory and tissue injury biomarkers

Results obtained after assay of inflammatory biomarkers.
Confirming the hypothesis, we observed a robust systemic
inflammatory response after cardiac surgery, characterized by
marked increases in postoperative levels of CRP, IL-6 and NLR
in the entire cohort. This finding emphasizes the magnitude of



surgical stress and consistent activation of inflammatory
pathways. In contrast to IL-6, CRP and NLR, Sll and SIRI
indices did not show significant differences between the study
groups nor significant correlations with the occurrence of POD
or DCP in our study. These results suggest that, in the context
of our study, SlIl and SIRI may have limited utility in predicting
these neurocognitive complications.

Link between early delirium and later cognitive dysfunction
The strong positive correlation observed between the onset of
PD at 48 hours and early cognitive dysfunction at 96 hours, as
assessed by MMSE and MoCA, emphasizes the close temporal
relationship between these two neurocognitive phenomena in
our cohort of patients undergoing cardiac surgery.

Clinical and perioperative factors associated with the risk of
POD/POCD

In addition to biomarkers, our study confirmed or revealed
significant associations between POD/POCD and a number of
clinical and procedural factors represented by:

-Corticosteroid therapy

-Impact of prolonged mechanical ventilation and vasopressor
support

-Association with blood transfusions

-The significance of lactate dehydrogenase (LDH)

-Role of renal function and metabolic factors



-Role of education level and impact on outcomes

-Postoperative atrial fibrillation

-Severe systemic inflammation and pulmonary complications
(EPNC/ECMO) after cardiac surgery.

V. CONCLUSIONS

The research confirms a significant cumulative
incidence of POD/POCD of 25.0% in the monitored in-hospital
period, as well as a notable rate of persistence of cognitive
dysfunction at 3 months in more than 40% of initially affected
patients, emphasizing the clinical impact of these complications.
Risk factor analysis identified statistically significant associations
between the occurrence of POD/POCD and advanced age,
impaired preoperative renal function, prolonged duration of
extracorporeal circulation, prolonged duration of postoperative
mechanical ventilation, prolonged vasopressor support
requirements and blood transfusion administration. The
postoperative systemic inflammatory response also plays an
important role; significantly higher levels of IL-6 (at 48h), CRP
(at 48h) and NLR (at 24h and 48h), together with the tissue
injury markers LDH and CK, were associated with the
development of POD/POCD. In contrast, in the study cohort, the
composite inflammatory indices Sll and SIRI, as well as IL-17A,



did not demonstrate a statistically significant association with
these outcomes. Taken together, the results reinforce the
multifactorial nature of POD/POCD after cardiac surgery,
resulting from a complex interplay between individual patient
vulnerability, procedural stress specific to the intervention, and
the magnitude of the acute postoperative inflammatory

response.

VI.PERSONAL CONTRIBUTIONS

Systematic implementation of preoperative cognitive
assessment- the first published prospective study in Romania to
systematically incorporate preoperative cognitive screening
(MMSE and Mini-Cog) not only as an exclusion criterion, but
also as a component of risk assessment for neurocognitive

complications post cardiac surgery.

Analysis of a large and serialized panel of inflammatory
biomarkers- unlike many previous studies that focused on 1-2
markers, the present research evaluated a large panel (IL-6, IL-
17A, CRP, NLR, SlI, SIRIl) at multiple time points
(preoperatively, 24h, 48h postoperatively). This multi-marker
and dynamic approach provides a more nuanced and
comprehensive insight into the complexity of the individual



systemic inflammatory response to cardiac surgical insult. My
personal contribution consists of the reasoned selection of this
panel, the logistical coordination of sample collection and
processing (in collaboration with the laboratory), and the
comparative analysis of the dynamics of these markers.

Integrative Perspective on Postoperative Complications-
The thesis is not strictly limited to POD/POCD, but integrates
data and insights from the author's related research on
postoperative atrial fibrillation and severe noncardiogenic
pulmonary edema (NCPE)/use of ECMO in the Discussion
section. These issues are addressed because of the statistically
significant correlations obtained from the study, which provide
valuable insights into the underlying causes and potential
solutions.

Methodological rigor and critical appraisal- The contribution
of the paper also lies in the application of a prospective design,
the use of internationally standardized and validated instruments
(CAM-ICU, MoCA) and the exclusion of patients with significant
preoperative inflammation to increase the homogeneity of the
cohort and the clarity of the results on acute inflammation.

In conclusion, this PhD thesis contributes to our understanding
of the complex role of systemic inflammation and clinical factors

in the development of neurocognitive complications after cardiac



surgery in a specific national context. By implementing a
rigorous prospective methodology, including preoperative
cognitive assessment and monitoring of an extensive panel of
biomarkers, the study provides original data and confirms the
importance of a multifactorial approach in the prediction and
management of POD/POCD.
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l. INTRODUCERE

I. OBIECTIVUL STUDIULUI
[ll.  DESIGNUL STUDIULUI

IV. REZULTATE

V. CONCLUzII

VI. CONTRIBUTII PERSONALE

. INTRODUCERE

Evolutia conceptuald a inflamatiei parcurge etape
complexe, de la descrierile empirice ale medicinei antice pana la
elucidarile  moleculare oferite de stintele biomedicale
contemporane. Inflamatia, definitd ca un raspuns imun esential
pentru restabilirea integritatii tisulare, poate deveni Tinsa
patologica, mai ales 1in contextul inflamatiei cronice sau
postoperatorii. Lucrarea de fatd investigheaza relatia dintre
raspunsul inflamator sistemic si aparitia  complicatiilor
neurologice, 1in special deliriumul si disfunctiile cognitive
postoperatorii  (DP/DCP), la pacientii supusi interventiilor
chirurgicale pe cord deschis. Ipoteza centrala sustine ca aceste

manifestari sunt mediate de procese inflamatorii care determina



modificari la nivelul Barierei Hemato-Encefalice (BHE) si
afecteaza sistemul nervos central. Prevalenta crescuta a acestor
complicatii, Th special la pacientii varstnici, are implicatii
semnificative asupra prognosticului, mortalitatii, duratei spitalizarii
si calitatii vietii. Identificarea precoce a factorilor de risc si
implementarea unor strategii de preventie multidisciplinare sunt
esentiale, avand potentialul de a reduce cu pana la 30% incidenta

acestor afectiuni.

[I.  OBIECTIVELE STUDIULUI

Scopul principal al studiului este reprezentat de evaluarea
prospectiva a asocierii dintre amploarea raspunsului inflamator
sistemic postoperator si aparitia DP si a DCP la pacientii supusi

interventiilor chirurgicale cardiace elective pe cord deschis.
Obiectivele specifice ale cercetarii:

1. Cuantificarea raspunsului inflamator sistemic postoperator prin
masurarea seriata a unui panel de biomarkeri selectati
reprezentati de: Indicele Imuno-Inflamator systemic (Sll), Indicele

de Raspuns Inflamator Sistemic (SIRD), Raportul



Neutrofile/Limfocite  (RNL), Proteina C-Reactiva (PCR),
Interleukina 6 (IL-6) si Interleukina-17A (IL-17A).

2. Determinarea valorii predictive a nivelurilor preoperatorii si a
dinamicii postoperatorii timpurii a acestor biomarkeri pentru riscul
de dezvoltare a DP (evaluat prin scala CAM-ICU) si DCP (evaluat
prin teste de screening cognitiv - MMSE, MoCA) in primele zile

postoperator si la 3 luni.

3. Analiza corelatiei dintre anumiti factori de risc clinici
preoperatori si intraoperatori si nivelurile biomarkerilor inflamatori
postoperatori, investigdnd potentialul lor efect combinat asupra

susceptibilitatii pacientilor la dezvoltarea DP gi DCP.

Prin atingerea acestor obiective, cercetarea fisi propune sa
contribuie la o mai buna intelegere a mecanismelor
fiziopatologice care leaga inflamatia sistemica de disfunctia

cerebrala acuta si persistenta dupa chirurgia cardiaca.

Rezultatele ar putea fundamenta dezvoltarea unor strategii
imbunatatite de stratificare a riscului, monitorizare si, potential, de

preventie sau management al acestor complicatii neurologice.



[Il.  DESIGNUL STUDIULUI

Am realizat un studiu observational, prospectiv, de
cohorta, monocentric, desfasurat in cadrul Sectiei Clinice de
Anestezie si Terapie Intensiva (A.T.I) a Institutul de Boli
Cardiovasculare din Timisoara. Perioada de includere a
pacientilor s-a desfasurat intre 15 februarie 2024 si pana la 1
septembrie 2024. Studiul a inclus pacienti adulti programati

pentru interventii chirurgicale cardiace elective pe cord deschis.

Proiectul de cercetare a primit aprobarea Comisiei de Etica a
Cercetarii Stiintifice din cadrul Institutului de Boli Cardiovasculare
din Timisoara (cod protocol 2098/16 martie 2022) si a Comitetului
de Etica al Universitatii de Medicina si Farmacie Victor Babes
Timisoara (cod protocol 91/29 aprilie 2022). Toti participantii la
studiu au semnat un consimtamant informat scris inainte de

inrolare si de efectuarea oricarei proceduri specifice studiului.



In urma stabilirii criteriilor de includere si excludere a pacientiilor
in studiu am efectuat colectarea datelor preoperatorii, intra si

postoperatorii.

Recoltarile biologice pentru evaluarea raspunsului inflamator (SlI,
SIRI, RNL, PCR) au fost efectuate la intervale prestabilite (24h si
48h postoperator). Probele de plasma pentru dozarea
interleukinelor (IL-6, IL-17A) au fost colectate Tn tuburi cu
anticoagulant iar centrifugarea si stocarea s-a efectuat conform
recomandarilor standardizate, pentru a asigura stabilitatea
moleculara a analitilor si acuratetea rezultatelor obtinute prin
metode imunoenzimatice (ELISA).

Pacientii au fost monitorizati sistematic postoperator pentru a
observa aparitia atat a DP, cat si a DCP.

Evaluarea deliriumului postoperator (DP):

+ Evaluarile au fost efectuate de doua ori pe zi (dimineata si
seara) de catre medici anestezisti sau rezidenti instruiti, ca parte
a evaluarii clinice de rutina in A.T.1.

* Nivelul de sedare/agitatie a fost evaluat zilnic utilizand scala
RASS. Pacientii cu scor RASS -4 sau -5 (coma/sedare profunda)
nu au fost evaluabili pentru DP.

* Pentru pacientii evaluabili (scor RASS = -3), prezenta
deliriumului a fost determinata utilizand instrumentul validat CAM-
ICU.



* Monitorizarea CAM-ICU a inceput in ziua extubarii si a
continuat zilnic, timp de pana la 7 zile postoperator sau pana la

externarea din ATl/spital, oricare a survenit prima.

Evaluarea disfunctiei cognitive postoperatorii (DCP):

» DCP a fost evaluata printr-o abordare de screening cognitiv,
utilizénd testele MMSE si MoCA.
Analiza statistica
Analiza statistica a fost efectuata utilizand software-ul Microsoft
Excel (versiunea 2021) pentru managementul datelor si
programul statistic JASP (versiunea 0.19.2).
Am efectuat: (a) Statistica Descriptiva, (b) Statistica Inferentiala,
(c) Analiza de corelatie, (d) Analiza de regresie, (e) Comparatii
repetate, (f) Pragul de Semnificatie si Marimea Efectului, (g)

Corectii pentru Comparatii Multiple, (h) Analize de Sensibilitate.

V. REZULTATE

S-au analizat statistic corelatile intre biomarkerii
inflamatori si aparitia DP/DCP la nivelul intregii cohorte

relevandu-se un raspuns inflamator sistemic semnificativ in



perioada postoperatorie. Ulterior pentru a identifica factorii
asociati cu dezvoltarea complicatiilor cognitive postoperatorii, am
comparat caracteristicile pacientilor care au prezentat rezultatul
compozit DP/DCP (Grupul 1, N = 22) cu ale celor care nu au
prezentat aceste complicatii (Grupul 2, N = 66). In calcularea
rezultatelor s-a tinut cont de :

- Factorii demografici si clinici preoperatori

- Factorii intraoperatori

- Factori postoperatori

- Biomarkeri inflamatori si de leziune tisulara

Rezultatele obtinute in urma dozarii biomarkerilor
inflamatori.

Confirmand ipoteza, am observat un raspuns inflamator sistemic
robust dupa chirurgia cardiaca, caracterizat prin cresteri marcate
ale nivelurilor postoperatorii de PCR, IL-6 si RNL in intreaga
cohorta. Aceasta constatare subliniaza amploarea stresului
chirurgical si activarea consistenta a cailor inflamatorii. in contrast
cu IL-6, PCR si RNL , indicii SlI si SIRI nu au prezentat diferente
semnificative intre grupurile studiate si nici corelatii semnificative
cu aparitia DP sau DCP in studiul nostru. Aceste rezultate
sugereaza ca, in contextul studiului nostru, SlI si SIRI ar putea
avea o utilitate limitatd in predictia acestor complicatii

neurocognitive.



Legatura dintre deliriumul precoce si disfunctia cognitiva
ulterioara

Corelatia pozitiva puternica observata intre aparitia DP la 48 de
ore si disfunctia cognitiva timpurie la 96 de ore, evaluata prin
MMSE si MoCA , evidentiaza relatia temporald stransa dintre
aceste doua fenomene neurocognitive in cohorta noastra de
pacienti supusi chirurgiei cardiace.

Factori clinici gi perioperatori asociati cu riscul de DP/DCP
Pe langa biomarkeri, studiul nostru a confirmat sau a evidentiat
asocieri semnificative intre DP/DCP si o serie de factori clinici si
procedurali reprezentati de:

-Terapia corticosteroida

-Impactul ventilatiei mecanice prelungite si al suportului
vasopresor

-Asocierea cu transfuziile de sange

-Semnificatia lactat dehidrogenazei (LDH)

-Rolul functiei renale si al factorilor metabolici

-Rolul nivelului de educatie si impactul asupra rezultatelor
-Fibrilatia atriala postoperatorie

-Inflamatia sistemica severa si complicatile pulmonare
(EPNC/ECMO) post chirurgie cardiaca

V. CONCLUZII



Cercetarea confirma o incidenta cumulativa semnificativa
a DP/DCP de 25.0% in perioada intraspitaliceasca monitorizata,
precum si o rata notabila de persistenta a disfunctiei cognitive la 3
luni la peste 40% dintre pacientii afectati initial, subliniind impactul
clinic al acestor complicatii. Analiza factorilor de risc a identificat
asocieri statistic semnificative intre aparitia DP/DCP gi varsta
inaintata, functia renala preoperatorie alterata, durata prelungita a
circulatiei extracorporeale, durata extinsa a ventilatiei mecanice
postoperatorii, necesarul prelungit de suport vasopresor si
administrarea de transfuzii sanguine. De asemenea, raspunsul
inflamator sistemic postoperator joaca un rol important; niveluri
semnificativ mai ridicate ale IL-6 (la 48h), PCR (la 48h) si RNL (la
24h si 48h), alaturi de markerii de leziune tisulara LDH si CK, au
fost asociate cu dezvoltarea DP/DCP. In contrast, in cohorta
studiata, indicii inflamatori compoziti SlI si SIRI, precum si IL-17A,
nu au demonstrat o asociere statistic semnificativa cu aceste
rezultate. Tn ansamblu, rezultatele consolideazd natura
multifactoriala a DP/DCP dupa chirurgia cardiaca, aceasta
rezultand dintr-o interactiune complexa intre vulnerabilitatea
individuala a pacientului, stresul procedural specific interventiei si

amploarea raspunsului inflamator acut postoperator.

VI.CONTRIBUTII PERSONALE



Implementarea sistematica a evaluarii cognitive
preoperatorii- primul studiu prospectiv publicat din Roméania care
a incorporat in mod sistematic screeningul cognitiv preoperator
(MMSE si Mini-Cog) nu doar ca un criteriu de excludere, ci si ca o
componenta a evaluarii riscului pentru complicatii neurocognitive

post-chirurgie cardiaca.

Analiza unui panel extins si seriat de biomarkeri
inflamatori- spre deosebire de multe studii anterioare care s-au
concentrat pe 1-2 markeri, prezenta cercetare a evaluat un panel
larg (IL-6, IL-17A, PCR, RNL, Sll, SIRI) la momente multiple
(preoperator, 24h, 48h postoperator). Aceasta abordare multi-
marker si dinamica ofera o imagine mai nuantata si cuprinzatoare
asupra complexitatii raspunsului inflamator sistemic individual la
agresiunea chirurgicald cardiaca. Contributia personala consta in
selectia argumentatd a acestui panel, coordonarea logistica a
recoltarii si procesarii probelor (in colaborare cu laboratorul) si
analiza comparativa a dinamicii acestor markeri.

Perspectiva  integratoare @ asupra  complicatiilor
postoperatorii- Teza nu se limiteaza strict la DP/DCP, ci
integreaza in sectiunea de Discutii date si perspective din
cercetari conexe ale autorului referitoare la fibrilatia atriala

postoperatorie si edemul pulmonar noncardiogenic sever



(EPNC)/utilizarea ECMO.

Rigoare metodologica si analiza critica- Contributia
lucrarii rezida si in aplicarea unui design prospectiv, utilizarea
unor instrumente standardizate si validate international (CAM-
ICU, MoCA) si excluderea pacientilor cu inflamatie preoperatorie
semnificativa pentru a creste omogenitatea cohortei si claritatea

rezultatelor privind inflamatia acuta.

In concluzie, prezenta tez& de doctorat contribuie la intelegerea
rolului complex al inflamatiei sistemice si al factorilor clinici in
dezvoltarea complicatiilor neurocognitive dupa chirurgia cardiaca,
intr-un context specific national. Prin implementarea unei
metodologii prospective riguroase, incluzand evaluarea cognitiva
preoperatorie si monitorizarea unui panel extins de biomarkeri,
studiul ofera date originale si confirma importanta unei abordari

multifactoriale in predictia si managementul DP/DCP.






