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INTRODUCERE

Aceasta cercetare abordeaza problema critica a controlului hemoragiilor, care
reprezinta o cauza majora a mortalitatii globale, prin dezvoltarea si testarea unui nou
material hemostatic. In cadrul proiectului de cercetare am creat un dispozitiv compus
dintr-un adeziv pe baza de cianoacrilat (CA) aplicat pe un substrat de acid polilactic
(PLA) fabricat prin tehnica de electrospinning. Testat in-vivo pe un model de hemoragie
hepatica la sobolani si comparat cu metode standard (electrocauter si pansamentul
TachoSil®), noul material s-a dovedit superior in oprirea rapida a sangerarii, reducerea
pierderilor sangvine si a inflamatiei initiale. Cu toate acestea, studiile pe termen lung au
relevat dezavantaje, incluzand o rata crescuta de formare a abceselor tardive si un
raspuns de corp strain mai pronuntat, indicand ca, desi eficient in faza acutd, materialul
prezinta provocari legate de biocompatibilitatea pe termen lung.

STADIUL ACTUAL AL CUNOASTERII

Hemoragia reprezintd o cauza majora de deces prevenibil in traume si o
complicatie severa in chirurgie, fiind asociata cu o mortalitate crescuta si spitalizari
prelungite. Cand procesul fiziologic de hemostaza este insuficient, devine necesara
interventia medicala prin aplicarea unor materiale hemostatice adjuvante.

Materialele hemostatice sunt concepute pentru a controla rapid sangerarea la
nivel local. Acestea se clasifica In polimeri naturali (chitosan, colagen), polimeri sintetici
(cianoacrilat) si materiale anorganice (zeolit). Mecanismele lor de actiune variaza de la
concentrarea fizicA a componentelor sanguine prin absorbtie rapida a plasmei, la
activarea biochimica a cascadei de coagulare si formarea unei bariere mecanice care
sigileaza leziunea. Cu toate acestea, agentii actuali prezinta limitari, precum eficacitate
redusa In hemoragiile severe, riscuri de siguranta (reactii imune la produsele biologice,
citotoxicitate la cele sintetice) si aderenta deficitara la tesuturi. Cercetarea actuala se
concentreaza pe dezvoltarea de materiale multifunctionale, cu proprietati
antibacteriene si regenerative, utilizand nanotehnologia si tehnici avansate de fabricatie
pentru a depasi aceste provocari.
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Doi polimeri de interes major sunt cianoacrilatii (CA) si acidul polilactic (PLA).
Cianoacrilatii sunt adezivi sintetici puternici, a caror biocompatibilitate este superioara
la variantele cu lant alchilic lung (ex: 2-octil-cianoacrilatul), deoarece se degradeaza mai
lent si elibereaza mai putini produsi toxici. Sunt excelenti pentru mentinerea in contact
a marginilor plagilor cutanate si embolizare vasculara, dar utilizarea lor interna este
limitata de riscul de inflamatie si formare de aderente. In contrast, acidul polilactic (PLA)
este un polimer versatil, biodegradabil si biocompatibil, care se descompune 1n acid
lactic, un produs natural al organismului. Datorita acestor proprietati, PLA este utilizat
pe scard larga in suturi absorbabile, implanturi ortopedice si ca schela in ingineria
tisulara.

CONTRIBUTII PERSONALE

Studiul 1: Adezivi cianoacrilici utilizati pentru hemostaza topica - o analiza
sistematica

Scop / Obiective: Scopul a fost de a evalua, a rezuma si a compara studiile care au
cercetat capacitatile hemostatice topice ale adezivilor pe baza de CA sau ale altor
materiale hemostatice care au fost comparate cu acestia. De asemenea, ne-am propus sa
sintetizam o concluzie generala in acest sens.

Material si metode: Aceasta analiza sistemica a evaluat proprietatile hemostatice topice
ale CA, respectand ghidurile PRISMA 2020 si metodologia PICO. Criteriile de Eligibilitate
au inclus studii pe subiecti umani sau animale care utilizau CA strict pentru hemostaza
topica, excluzand utilizarile pentru embolizare sau scleroterapie. S-au analizat doar
articole In limba englezd, publicate in ultimii 10 ani (2013-2023). Strategia de Cautare a
vizat 4 baze de date majore (PubMed, Scopus, Embase si Web of Science) si s-a
concentrat pe titluri si rezumate pentru cuvinte-cheie relevante. In Procesul de Selectie,
doi cercetatori au examinat independent textele, ajungand la un total de 42 de articole
eligibile. Datele extrase s-au concentrat pe timpul de obtinere a hemostazei si pe tipul
de CA utilizat. Sinteza datelor a fost descriptiva (fara meta-analizd), din cauza
eterogenitdtii mari a studiilor incluse. Evaluarea riscului de partinire a fost realizata cu
instrumente specifice (Cochrane RoB 2, ROBIS) pentru a asigura calitatea informatiei.
Rezultate: Aceasta analiza sistematica a inclus 42 de studii (revizuiri, trialuri clinice,
experimentale si rapoarte de caz) pentru a evalua eficacitatea CA ca agenti hemostatici
topici. Rezultatele confirma ca CA opresc rapid sangerarea prin formarea unei bariere
fizice, fiind superiori tehnicilor conventionale sau altor materiale in multe situatii.
Studiile clinice au demonstrat ca CA reduc timpul operator si alti parametri negativi (ex.
volumul drenajului). Studiile experimentale au validat eficienta tehnicilor inovatoare de
aplicare (ex. electrospinning in-situ) si a variantelor elastice de CA.

Concluzii: Desi practica medicald actuald inca nu a identificat un material hemostatic
perfect, studiile au confirmat ca CA sunt agenti eficienti in realizarea hemostazei topice
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pentru o mare varietate de plagi. Daca cercetdrile viitoare vor reusi sa depaseasca
limitarile minore pe care acesti compusi le prezinta In prezent, materialele pe baza de
CA au potentialul de a deveni un element cheie si de referinta in domeniul hemostazei.

Studiu 2. Sistem de fibre polimerice inoculate cu adeziv tisular pe baza de
cianoacrilat: o alternativa hemostatica inovatoare

Scop / Obiective: Fabricarea si testarea preliminara a pansamentului hemostatic CA +
PLA.

Material si metode: Membranele de PLA, care servesc drept suport, au fost fabricate
prin electrospinning la diferite concentratii pentru a obtine o structura fibroasa optima.
Suporturile fizice necesare pentru manipularea si testarea pansamentelor (cutii de
depozitare si cleme speciale) au fost realizate prin imprimare 3D din PLA. Productia
pansamentului activ a implicat injectarea adezivului CA in membranele de PLA. Pentru
a preveni polimerizarea prematura a adezivului, substraturile au fost tratate prealabil
cu gaz de dioxid de sulf (SO2) ca inhibitor, in conditii inerte. Pansamentele au fost
caracterizate prin Microscopie Electronica de Baleaj (SEM) pentru a le evalua morfologia
si prin Spectroscopie FT-IR pentru a le determina stabilitatea chimica. In final, s-a
efectuat o testare preliminara in vivo pe un model de sobolan cu leziune hepatica. Aceste
teste au confirmat capacitatea de adeziune a pansamentului la tesutul parenchimatos,
folosind cleme de tractiune special concepute.

Rezultate: Analiza a trei concentratii de PLA prin SEM a aratat ca solutia de 10% PLA
ofera cea mai buna structura fibroasa, selectata ca substrat optim. Tratamentul cu gaz
de SOz a functionat eficient ca inhibitor, mentinand CA activ timp de pana la o
sdptamana, fiind confirmat de FT-IR. Testele de adeziune pe ficatul de sobolan au
demonstrat o forta de lipire superioara rezistentei tesutului Insusi. Cel mai important,
testarea in vivo preliminara pe modelul de rezectie hepatica a obtinut hemostaza rapid,
in aproximativ 15 secunde.

Concluzii: in concluzie, s-a fabricat cu succes un pansament PLA-CA cu stabilitate
chimica prelungita si capacitati hemostatice in vivo exceptionale.

Studiul 3. Analiza in-vivo a noului material hemostatic pe baza de cianoacrilat:
eficienta si biocompatibilitatea

Scop / Obiective: Caracterizarea in-vivo a performantei si a profilului de
biocompatibilitate pentru un nou agent hemostatic pe baza de CA + PLA.

Material si metode: Acest studiu a evaluat noul material hemostatic CA + PLA pe un
model standardizat de laceratie hepatica la 36 de sobolani. Subiectii au fost impartiti in
trei grupuri pentru hemostaza: Control (electrocauter), Studiu (CA + PLA) si TachoSil®
(pansament standard). Performanta hemostaticd a fost masurata prin cronometrarea
timpului necesar pentru a obtine hemostaza totala (TTH) si prin estimarea pierderii de
sange (pe baza nivelului de hemoglobina). Biocompatibilitatea a fost evaluata pe termen
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lung (pana la 150 de zile) prin sacrificari esalonate. S-a analizat reactia inflamatorie
sistemica (leucocite, TNF-a, IL-6) si s-a efectuat analiza histopatologica a tesutului
hepatic vindecat pentru a verifica gradul de inflamatie, fibroza si resorbabilitate. Datele
au fost supuse unei analize statistice riguroase, utilizand teste adecvate (ANOVA,
Kruskal-Wallis) pentru a compara grupurile.

Rezultate: Noul pansament pe baza de CA + PLA a demonstrat o viteza de obtinere a
hemostazei superioara pe un model de laceratie hepatica la sobolani. Timpul median
pentru oprirea sangerdrii (TTH) a fost de 94 de secunde pentru CA + PLA, fiind
semnificativ mai rapid atat fatd de electrocauterizare (256 s), cit si fata de pansamentul
standard TachoSil® (120 s). Hemostaza mai rapida a fost corelata si cu o pierdere de
sange mai mici (nivel postoperator mai bun al hemoglobinei). In ceea ce priveste
biocompatibilitatea, pansamentul standard TachoSil® a declansat un raspuns inflamator
sistemic mai puternic (cresteri semnificative ale citokinelor IL-6 si TNF-a), un efect care
nu a fost observat In grupurile CA + PLA si Control. Cu toate acestea, evaluarea
histopatologica pe termen lung a dezvaluit dezavantaje majore pentru noul pansament
CA + PLA. Desi a fost cel mai rapid, acesta a indus o reactie cronica de corp strain mult
mai pronuntata si a crescut semnificativ riscul de fibroza colagenica (incapsulare, 79%
din cazuri) si de aparitie a abceselor tardive (28,6% din cazuri) la locul aplicarii. In
contrast, TachoSil® a promovat o vindecare mai fiziologica (fara fibroza sau abcese) si o
mai bund maturare vasculara, sugerand ca performanta hemostatica ultra-rapida a
pansamentului CA + PLA vine cu un compromis in procesul de vindecare cronica a
tesutului.

Concluzii: Pansamentul inovator pe baza de CA + PLA demonstreaza o performanta
hemostatica ridicata. Reactiile inflamatorii induse sunt modeste si nu compromit
viabilitatea sau procesele de regenerare tisulara. Totusi, compozitia si integrarea sa pe
termen lung necesita investigatii suplimentare.

CONCLUZII GENERALE

Desi cautarea materialului hemostatic perfect continua in practica medical3,
compusii pe baza de CA se dovedesc a fi o solutie promitatoare, iar depasirea limitarilor
actuale le-ar putea consolida rolul cheie 1n oprirea sangerarilor.

In acest context, pe parcursul cercetirii de fati am dezvoltat un nou pansament
performant. Am stabilind ca un substrat fibros de calitate superioarad se poate obtine
prin tehnica de electrospinning dintr-o concentratie optima de 10% a PLA. Inovatia
principald a constat in procedeul tehnologic de productie si ambalare a noului
pansament. Utilizarea dioxidului de sulf pentru a stabiliza adezivul cianoacrilic si
ambalarea pansamentului CA + PLA in conditii inerte au prelungind semnificativ durata
de valabilitate, asigurand o aderenta excelenta.
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Noul pansament pe baza de CA + PLA s-a dovedit a fi un agent hemostatic eficient,
ale carui efecte inflamatorii minore nu impiedica vindecarea tesuturilor. Cu toate
acestea, sunt necesare cercetari suplimentare pentru a determina compozitia optima si
analiza 1n detaliu integrarea sa in organism pe termen lung.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE
ALE CERCETARII DOCTORALE

Originalitatea prezentei cercetdri doctorale rezida In conceperea si sinteza unui
material hemostatic compozit inovator, bazat pe o arhitectura care integreaza un adeziv
tisular de tip cianoacrilat cu un substrat polimeric biodegradabil, acidul polilactic.
Aceastd asociere specifica reprezinta o premiera in literatura de specialitate, nefiind
descrisa anterior.

Contributia fundamentala a acestei abordari consta in depdsirea unei limitari
majore a adezivilor cianoacrilici conventionali, a caror priza instantanee (prin picurare
sau pulverizare) impiedica orice ajustare post-aplicare. Noul sistem hemostatic-adeziv
introduce o fereastra temporalda controlata, de cateva zeci de secunde, necesara
polimerizarii, oferind astfel chirurgului o maleabilitate intraoperatorie esential3,
permitand repozitionarea sau indepartarea precisa a pansamentului.

Inovatia se extinde asupra Intregului flux tehnologic, de la selectia riguroasa a
acidului polilactic ca matrice optima pentru cianoacrilat, pana la protocolul de sinteza si
conditionare a produsului final, fiecare etapa contribuind la unicitatea si noutatea
acestei cercetari.
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INTRODUCTION

This research addresses the critical problem of hemorrhage control, a major
cause of global mortality, by developing and testing a new hemostatic material. Within
the research project, we created a device composed of a cyanoacrylate (CA)-based
adhesive applied to a polylactic acid (PLA) substrate manufactured using the
electrospinning technique. Tested in-vivo on a rat model of hepatic hemorrhage and
compared with standard methods (electrocautery and the TachoSil® patch), the new
material proved superior in rapidly stopping bleeding, reducing blood loss, and
minimizing initial inflammation. However, long-term studies revealed disadvantages,
including an increased rate of late abscess formation and a more pronounced foreign
body response, indicating that, although effective in the acute phase, the material
presents challenges related to long-term biocompatibility.

CURRENT STATE OF KNOWLEDGE

Hemorrhage represents a major cause of preventable death in trauma and a
severe complication in surgery, being associated with increased mortality and
prolonged hospitalizations. When the physiological process of hemostasis is insulfficient,
medical intervention becomes necessary through the application of adjuvant hemostatic
materials.

Hemostatic materials are designed to rapidly control bleeding at a local level.
They are classified into natural polymers (chitosan, collagen), synthetic polymers
(cyanoacrylate), and inorganic materials (zeolite). Their mechanisms of action range
from the physical concentration of blood components through rapid plasma absorption,
to the biochemical activation of the coagulation cascade, and the formation of a
mechanical barrier that seals the lesion. However, current agents have limitations, such
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as reduced effectiveness in severe hemorrhages, safety risks (immune reactions to
biological products, cytotoxicity to synthetic ones), and poor tissue adhesion. Current
research focuses on developing multifunctional materials with antibacterial and
regenerative properties, using nanotechnology and advanced manufacturing techniques
to overcome these challenges.

Two polymers of major interest are cyanoacrylates (CA) and polylactic acid
(PLA). Cyanoacrylates are powerful synthetic adhesives whose biocompatibility is
superior in variants with a long alkyl chain (e.g., 2-octyl-cyanoacrylate), as they degrade
more slowly and release fewer toxic products. They are excellent for holding the edges
of skin wounds together and for vascular embolization, but their internal use is limited
by the risk of inflammation and adhesion formation. In contrast, polylactic acid (PLA) is
a versatile, biodegradable, and biocompatible polymer that decomposes into lactic acid,
a natural product of the body. Due to these properties, PLA is widely used in absorbable
sutures, orthopedic implants, and as a scaffold in tissue engineering.

PERSONAL CONTRIBUTIONS

Study 1: Cyanoacrylate adhesives used for topical hemostasis - a systematic
review

Aim / Objectives: The aim was to evaluate, summarize, and compare studies that
investigated the topical hemostatic capabilities of CA-based adhesives or other
hemostatic materials compared with them. We also aimed to synthesize a general
conclusion on this topic.

Material and methods: This systematic review evaluated the topical hemostatic
properties of CA, adhering to PRISMA 2020 guidelines and the PICO methodology.
Eligibility criteria included studies on human or animal subjects using CA strictly for
topical hemostasis, excluding uses for embolization or sclerotherapy. Only articles in
English published in the last 10 years (2013-2023) were analyzed. The Search Strategy
targeted 4 major databases (PubMed, Scopus, Embase, and Web of Science) and focused
on titles and abstracts for relevant keywords. In the Selection Process, two researchers
independently screened the texts, resulting in a total of 42 eligible articles. Extracted
data focused on the time to hemostasis and the type of CA used. The data synthesis was
descriptive (no meta-analysis) due to the high heterogeneity of the included studies. The
risk of bias was assessed using specific tools (Cochrane RoB 2, ROBIS) to ensure
information quality.

Results: This systematic review included 42 studies (reviews, clinical trials,
experimental studies, and case reports) to evaluate the efficacy of CAs as topical
hemostatic agents. The results confirm that CAs rapidly stop bleeding by forming a
physical barrier, being superior to conventional techniques or other materials in many
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situations. Clinical studies have shown that CAs reduce operative time and other
negative parameters (e.g., drainage volume). Experimental studies have validated the
effectiveness of innovative application techniques (e.g, in-situ electrospinning) and
elastic CA variants.

Conclusions: Although current medical practice has not yet identified a perfect
hemostatic material, studies have confirmed that CAs are effective agents in achieving
topical hemostasis for a wide variety of wounds. If future research succeeds in
overcoming the minor limitations these compounds currently present, CA-based
materials have the potential to become a key and reference element in the field of
hemostasis.

Study 2. Polymeric fiber system inoculated with cyanoacrylate-based tissue
adhesive: an innovative hemostatic alternative

Aim / Objectives: Fabrication and preliminary testing of the CA + PLA hemostatic patch.
Material and methods: The PLA membranes, serving as a substrate, were fabricated by
electrospinning at different concentrations to obtain an optimal fibrous structure. The
physical support needed for handling and testing the patches (storage boxes and special
clamps) were made by 3D printing from PLA. The production of the active patch
involved injecting the CA adhesive into the PLA membranes. To prevent premature
polymerization of the adhesive, the substrates were pre-treated with sulfur dioxide
(SO2) gas as an inhibitor under inert conditions. The patches were characterized by
Scanning Electron Microscopy (SEM) to evaluate their morphology and by FT-IR
Spectroscopy to determine their chemical stability. Finally, a preliminary in-vivo test
was performed on a rat model with a liver injury. These tests confirmed the patch's
adhesion capacity to parenchymal tissue using specially designed traction clamps.
Results: SEM analysis of three PLA concentrations showed that the 10% PLA solution
provided the best fibrous structure, which was selected as the optimal substrate. The
SO:2 gas treatment worked effectively as an inhibitor, keeping the CA active for up to a
week, as confirmed by FT-IR. Adhesion tests on rat liver demonstrated a bonding
strength superior to the tissue's own resistance. Most importantly, the preliminary in-
vivo testing on the hepatic resection model achieved hemostasis rapidly, in about 15
seconds.

Conclusions: In conclusion, a PLA-CA patch with prolonged chemical stability and
exceptional in-vivo hemostatic capabilities was successfully fabricated.

Study 3. In-vivo analysis of the new cyanoacrylate-based hemostatic material:
efficacy and biocompatibility

Aim / Objectives: In-vivo evaluation of the performance and biocompatibility of a novel
hemostatic agent based on CA + PLA.
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Material and methods: This study evaluated the new CA + PLA hemostatic material on
a standardized liver laceration model in 36 rats. The subjects were divided into three
groups for hemostasis: Control (electrocautery), Study (CA + PLA), and TachoSil®
(standard patch). Hemostatic performance was measured by timing the total time to
hemostasis (TTH) and by estimating blood loss (based on hemoglobin levels).
Biocompatibility was assessed long-term (up to 150 days) through staggered sacrifices.
The systemic inflammatory reaction (leukocytes, TNF-«, IL-6) was analyzed, and
histopathological analysis of the healed liver tissue was performed to check the degree
of inflammation, fibrosis, and resorbability. The data were subjected to rigorous
statistical analysis using appropriate tests (ANOVA, Kruskal-Wallis) to compare the
groups.

Results: The new CA + PLA-based patch demonstrated superior speed in achieving
hemostasis on a rat liver laceration model. The median time to stop bleeding (TTH) was
94 seconds for CA + PLA, significantly faster than both electrocautery (256 s) and the
standard TachoSil® patch (120 s). Faster hemostasis also correlated with lower blood
loss (better postoperative hemoglobin level). Regarding biocompatibility, the standard
TachoSil® patch triggered a stronger systemic inflammatory response (significant
increases in cytokines IL-6 and TNF-a), an effect not observed in the CA + PLA and
Control groups. However, long-term histopathological evaluation revealed major
disadvantages for the new CA + PLA patch. Although it was the fastest, it induced a much
more pronounced chronic foreign body reaction and significantly increased the risk of
collagenous fibrosis (encapsulation, 79% of cases) and the occurrence of late abscesses
(28.6% of cases) at the application site. In contrast, TachoSil® promoted more
physiological healing (without fibrosis or abscesses) and better vascular maturation,
suggesting that the ultra-fast hemostatic performance of the CA + PLA patch comes at
the cost of a compromised chronic tissue healing process.

Conclusions: The innovative CA + PLA-based patch demonstrates high hemostatic
performance. The induced inflammatory reactions are modest and do not compromise
tissue viability or regeneration processes. However, its long-term composition and
integration require further investigation.

GENERAL CONCLUSIONS

Although the search for the perfect hemostatic material continues in medical
practice, CA-based compounds are proving to be a promising solution, and overcoming
their current limitations could solidify their key role in stopping bleeding.

In this context, during this research, we have developed a new high-performance
patch. We established that a high-quality fibrous substrate can be obtained via the
electrospinning technique from an optimal concentration of 10% PLA. The main
innovation was the technological process for producing and packaging the new patch.
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The use of sulfur dioxide to stabilize the cyanoacrylate adhesive and the packaging of
the CA + PLA patch under inert conditions significantly extended its shelf life, ensuring
excellent adherence.

The new CA + PLA-based patch proved to be an effective hemostatic agent whose
minor inflammatory effects do not impede tissue healing. However, further research is
needed to determine the optimal composition and to analyze its long-term integration
into the body in detail.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS
OF THE DOCTORAL RESEARCH

The originality of this doctoral research lies in the design and synthesis of an
innovative composite hemostatic material, based on an architecture that integrates a
cyanoacrylate-type tissue adhesive with a biodegradable polymer substrate, polylactic
acid. This specific combination is a first in the specialized literature and has not been
previously described.

The fundamental contribution of this approach consists in overcoming a major
limitation of conventional cyanoacrylate adhesives, whose instantaneous setting (by
dripping or spraying) prevents any post-application adjustment. The new hemostatic-
adhesive system introduces a controlled time window, of several tens of seconds,
necessary for polymerization, thus offering the surgeon essential intraoperative
malleability, allowing for precise repositioning or removal of the patch.

The innovation extends to the entire technological workflow, from the rigorous
selection of polylactic acid as the optimal matrix for the cyanoacrylate, to the protocol
for synthesis and conditioning of the final product, with each step contributing to the
uniqueness and novelty of this research.



