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REZUMATUL TEZEI

Aceasta  tezda de  abilitare intitulatd ,,TROMBOZA SI BOALA
CARDIOVASCULARA IN DIVERSE SCENARII CLINICE” oferi o perspectiva
organica asupra activitatii mele clinice, didactice si stiintifice din perioada postdoctorala. Atat
boala cardiovasculara, cat si patologia trombotica reprezintd niste domenii de cercetare
complexe, in continud dinamica si interconectate, iar aceasta lucrare 1si propune sa reflecte
aplicabilitatea clinicd a modelelor experimentale studiate. Totodatd, doresc sd subliniez
principalele directii de dezvoltare ale carierei mele universitare din punct de vedere clinic,
didactic si al activitatilor de cercetare stiintifica.

Prima parte a tezei de abilitare cuprinde un sinopsis al carierei mele academice,
profesionale si stiintifice, precum si a principalelor realizari profesionale obtinute de-a lungul
timpului, concretizate prin obtinerea unui brevet de inventie si recunoscute prin principalii
indicatori ai evaludrii stiintifice (indice Hirsch de 6 si 75 de citéri).

SECTIUNEA 1 a tezei de abilitare cuprinde 4 capitole care reflecta activitatea mea
stiintifica. Primul capitol reuneste 4 studii care au evaluat rolul grelinei in progresia placilor
de aterom, osteopontina si osteoprotegerina ca markeri ai instabilitatii placilor de aterom,
corelatia dintre markerii ecografici si histopatologici pentru pldcile de aterom carotidiene,
precum si caracterizarea ecografica a acestora.

Cel de-al doilea capitol a descris multiple abordari imagistice pentru evaluarea
foramen ovale patent, precum si rolul sectiunilor de 3 vase-trahee in screening-ul anomaliilor
congenitale cardiace. Al treilea capitol a relevat o influenta vasculopatiilor trombotice asupra
outcome-urilor obstetricale si reproductive, precum si managementul trombozei venoase
profunde la gravide. Ultimul capitol a evaluat asocierea SARS-CoV-2 cu complicatii
trombotice si vasculare la populatia adulta, negravida.

SECTIUNEA 1II enunta si explicd directiile de dezvoltare profesionald si cercetare
stiintificd pe care mi le-am propus in sd le dezvolt in urmatorii ani. Va fi evidentiata
colaborarea mai stransd cu studentii, cu promovarea activitatilor de invatare a abilitatilor
practice chirurgicale si a activitatilor de cercetare stiintificd experimentala.

De asemenea, va fi promovata colaborarea cu colegii rezidenti si tineri specialisti pe
multiple paliere precum dezvoltarea abilitatilor practice chirurgicale, a cercetarii clinice,
precum si diseminarea rezultatelor cercetarii stiintifice. Nu in ultimul rénd, vor fi punctate
principalele posibilitdti si teme de cercetare clinicd In domeniul ales, chirurgia
cardiovasculara.

SECTIUNEA III include o lista cu articole, carti lesi capitolele de carte care m-au
ajutat la elaborarea acestei teze.



THESIS SUMMARY

This habilitation thesis entitled "THROMBOSIS AND CARDIOVASCULAR
DISEASE IN VARIOUS CLINICAL SCENARIOS™ provides an organic perspective on
my postdoctoral clinical, teaching and scientific work. Both cardiovascular disease and
thrombotic pathology represent complex, constantly dynamic and interconnected fields of
research, and this paper aims to reflect the clinical applicability of the studied experimental
models. At the same time, | want to emphasize the main development directions of my
university career from the clinical, didactic and scientific research points of view.

The first part of the habilitation thesis includes a synopsis of my academic,
professional and scientific career, as well as the main professional achievements obtained
over time, concretized by obtaining an invention patent and recognized by the main indicators
of scientific evaluation (Hirsch index of 6 and 75 citations).

SECTION 1 of the habilitation thesis includes 4 chapters that reflect my scientific
activity. The first chapter brings together 4 studies that evaluated the role of ghrelin in the
progression of atheroma plaques, osteopontin and osteoprotegerin as markers of atheroma
plaque instability, the correlation between sonographic and histopathological markers for
carotid atheroma plaques, as well as their sonographic characterization.

The second chapter described multiple imaging approaches for evaluating patent
foramen ovale, as well as the role of 3-vessel-tracheal sections in screening for congenital
cardiac anomalies. The third chapter revealed an influence of thrombotic vasculopathies on
obstetric and reproductive outcomes, as well as the management of deep vein thrombosis in
pregnant women. The last chapter assessed the association of SARS-CoV-2 with thrombotic
and vascular complications in the adult, non-pregnant population.

SECTION Il states and explains the directions of professional development and
scientific research that | have proposed to develop in the coming years. Closer collaboration
with students will be highlighted, with the promotion of learning practical surgical skills and
experimental scientific research activities.

Collaboration with fellow residents and young specialists will also be promoted on
multiple levels, such as the development of practical surgical skills, clinical research, as well
as the dissemination of scientific research results. Last but not least, the main possibilities and
themes of clinical research in the chosen field, cardiovascular surgery, will be pointed out.

SECTION 111 includes a list of articles, books, and book chapters that helped me
develop this thesis.



SECTION I

Synopsis of clinical, academic, and scientific achievements

A. Clinical achievements

| graduated the Faculty of Medicine of ,,Grigore T. Popa” University of Medicine and
Pharmacy of lasi in 1984, and | completed a 3 years internship at the County Hospital from
Botosani, Romania. During this timeframe, I was able to consolidate my knowledge in
various fields such as Obstetrics and Gynecology, General Surgery, and Pediatrics. At my
personal request | fulfilled the last stages of this internship in Hlipiceni village from Botosani
county, where | was able to use my professional skills for improving the health status of
patients from all age categories and social backgrounds. | considered this clinical experience
an immense opportunity for my personal and clinical development due to the great variety of
medical situations that imposed complex thinking and innovative problem solving.

In the spring of 1988, following several residency exams, | was able to achieve a
resident position as a General Surgeon. | completed the residency program at the third
General Surgery clinic from “Saint Spiridon” Clinical Emergency Hospital, lasi, Romania,
under the supervision of Professor Constantin Dolinescu. At the end of the second year of
residency | obtained an assistant lecturer position, and | was transferred at the first General
Surgery clinic from the same hospital, where | fulfilled the rest of my residency program
under the supervision of Professor Victor Strat. During my residency, | had the opportunity to
learn various surgical techniques that would later help me in difficult intraoperative situations,
as well as the discipline of mind, which is an essential attribute of good surgeons.

In 1992, | obtained the degree of Specialist in the specialty General Surgery, and in the
month of May of the same year | followed a 3-months internship on vascular surgery at the
“Saint Elisabeth” Clinic in Bruxelles, Belgium, under the supervision of Professor Robert
Van Gestel. During this internship, | was able to learn and consolidate basic vascular surgical
skills by working in various clinical settings that were based on general surgery and vascular
surgery.

Between 1992 and 1993 | was accepted by Professor Ralph Suy for a 1-year internship
at the Clinical University Hospital Gasthuisberg from Leuven, Belgium. During this
timeframe, | participated and operated all types of surgical procedures that were specific to
the vascular surgery field, and | succeeded to pass all the final examinations with good
results.

| returned to Romania in 1993, and | have continued my clinical activity as a general
surgeon at the “Saint Spiridon” Clinical Emergency Hospital, but, at the same time, I became
more and more interested in the vascular surgery procedures, participating predominantly at
those who necessitated high surgical skills. This shift in the optics of my medical profession
determined myself to pursue a 6-months internship at the “Professor Doctor C.C. Iliescu”
Heart Institute, Fundeni, Bucharest, Romania. In this medical setting | was able to expand my
level of surgical expertise in the heart surgery field, as well as in peripheral vascular surgery
domain.

Between 1996 and 1997, after a thorough selection from the Romanian Public Health
Ministry, | pursued an internship at Hadassah University Medical Center, from Jerusalem,
Israel. 1 worked under the supervision of Professor Gideon Merrin in the Heart Surgery
Department, and | accumulated extensive knowledge regarding top surgical techniques in the
following fields: coronary artery surgery, heart valve surgery, and congenital heart defects
surgery. These procedures required a high level of surgical expertise, and | was fortunate



enough to receive all technical support from this team, that also encouraged me to extensively
study the myocardial energy preservation mechanisms as a separate research project.

Once again returned in Romania, | engaged in a 2-years internship at the “Professor
Doctor C.C. lliescu” Heart Institute, Fundeni, Bucharest, Romania, where I collaborated with
Professor Dan Fagarasanu and Professor Vasile Candea in Heart Surgery Specialty. |
benefited from an extensive surgical expertise, and | was able to put into practice my surgical
knowledge obtained from previous medical experiences.

| obtained a primary physician degree in general surgery in 1997, and | was willing to
later fulfill my surgical background by completing my second surgical specialty- the
cardiovascular surgery. Therefore, in 1998, | obtained the degree of Specialist in the specialty
Cardiovascular Surgery. | worked as a primary general surgeon and a specialist
cardiovascular surgeon in the Vascular Surgery Compartment that was then assimilated to the
third General Surgery clinic from “Saint Spiridon” Clinical Emergency Hospital, Ilasi,
Romania.

In 1999, | obtained a study fellowship in Belgium that allowed me to work under the
supervision of Professor Schoevaerts in Mont-Goddine Hospital, for three months. | actively
participated in the clinic’s medical and surgical activity, performing numerous vascular and
cardiac surgical interventions.

After completing this fellowship, | returned to work to the Vascular Surgery
Compartment, where | performed over two thousand vascular surgery procedures that
interested both arterial (arteriopathies, aneurisms, large vessels disease) and venous
pathology. | developed the Vascular Surgery Compartment into a standalone clinic in the
“Saint Spiridon” Clinical Emergency Hospital, that was able to attend all important traumatic
and non-traumatic emergencies from lasi County and from all over Moldavian region.

In 2003, | obtained a primary physician degree in vascular surgery, and since then |
have constantly learned new surgical and management. | obtained professional competencies
in general ultrasound, and followed multiple postgraduate specialization studies that allowed
me to be constantly up to date with medical novelties.

From 2007 | put my greatest effort in the formation of an integrated service of
vascular surgery. After many years of methodological, logistics, and medical work, “Saint
Spiridon” Clinical Emergency Hospital has now a modern Clinical Department of Vascular
Surgery that is able to manage some of the most complex vascular pathologies.

B. Academic achievements

A limited number of vascular surgeons throughout the country prioritize the act of
instructing and communicating with students. | commenced my teaching endeavors in 1991,
when | obtained an assistant lecturer position at the Cardiovascular Surgery discipline from
the University of Medicine and Pharmacy “Grigore T. Popa”, Iasi. In 2003, | became a
Lecturer and head of the Cardiovascular Surgery discipline, while in 2014 | obtained an
Assistant Professor position in the same institution, which | presently occupy with honor.

During my academic carrier, | have contributed to the development of curricula,
practical workshops, case studies, and seminars for students of vascular surgery. | was the
Vascular Surgery course coordinator for the third-year students, and | also coordinated
optional courses such as Step decisions in the diagnosis and treatment of peripheral vascular
disease or Diagnostic and treatment algorithm of vascular disorders for students in their
fourth or fifth year of medical school.

| have devoted significant effort towards the facilitation of medical education at the
University of Medicine and Pharmacy "Grigore T. Popa™ for all three tiers of learners,
including undergraduate students, residents, and postgraduate physicians. | contributed to the



development of educational resources and assessments of knowledge. | provided mentorship
to a cohort of nine undergraduate students in their academic writing endeavors. Additionally,
| facilitated the participation of residents in the production of scientific papers and syntheses
pertaining to diverse subject matters.

It is important to note that | have consistently demonstrated a willingness to receive
and incorporate feedback and recommendations from my learners. Additionally, 1 have
actively participated in various events organized by student associations at our university,
including workshops and conferences hosted by SSCR (Societatea Studenteasca de Chirurgie
din Roménia) and SSMI (Societatea Studentilor Medicinisti lasi). My involvement in
aforementioned occasions has consistently elicited authentic eagerness, thereby serving as a
source of inspiration and encouragement. The extracurricular topics that have been covered
include the diagnosis and treatment of aortic sub-renal aneurysms, carotid arteries stenosis,
aortoiliac disease, femoropopliteal disease, aorto-iliac disease or vascular anastomosis.

The formation of a united and professional team in the Clinical Department of
Vascular Surgery from “Saint Spiridon” Clinical Emergency Hospital needed intensive
guidance and teaching. A team of primary physicians, specialty doctors, as well as vascular
surgery residents is working in this department. | was certified as a trainer for preparing
teaching staff, and | was a member of various commissions that evaluated candidates for a
position in the university.

C. Scientific achievements

Research is an important part of every academic career, and numerous efforts should
be made in order to clarify complex medical problems or to innovate the diagnostic and
therapeutic approaches. My research career developed under the supervision of Professor
Victor Strat who helped me in the process of fulfilling my doctoral research, that evaluated
the actual therapeutical options for aortoiliac disease. Our results were gathered under a
doctoral thesis that was publicly presented and evaluated in 2005.

I have contributed more than 30 research publications of various categories to
international journals, some of which are regarded as high impact.

Following the completion of my PhD studies, | have constantly participated in several
national and university research programs and grants, including:

1. Internal Grant Competition - UMF "Gr.T.Popa" lasi: "Complex study of the
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Chapter 1: Atherosclerotic plagues characterization

1.1.1. State of art

Hyperlipidemia and persistent inflammation are two characteristics of atherosclerotic
plaques that are intricately connected by innate and adaptive immunological systems (1, 2).
The pathology that underlies cardiovascular disease is atherosclerosis. Myocardial infarction
and cerebral stroke are most often caused by unstable atherosclerotic plaque and subsequent
atherothrombosis (3). Despite extremely effective choices being available to manage
traditional cardiovascular risk factors, 17.8 million deaths worldwide were linked to
cardiovascular disease in 2017, making it a persistently major global health issue (4, 5). The
immune system and inflammation most likely play a significant role in this residual risk (5,
6).

Increased blood levels of low-density lipoprotein (LDL) and other cardiovascular risk
factors, particularly metabolic syndrome or nicotine consumption, favor loss of endothelial
integrity and endothelial activation, preferably at areas of low endothelial shear stress (7).
This enables the buildup of lipids in the artery intima, where they are oxidized, collect, and
are absorbed by macrophages and smooth muscle cells, leading to the development of foam
cells (8, 9).

The innate and adaptive immune systems are chronically stimulated by modified
lipids, which orchestrate a simmering low-grade inflammation of the vessel wall (10). A lipid-
rich necrotic center is formed as a result of subsequent cell apoptosis and necroptosis, which
are worsened by ineffective efferocytosis (the evacuation of dead cells by phagocytes). This
results in the synthesis of thrombogenic tissue factor (9). The extracellular fibrous matrix,
which helps to stabilize plaques, is broken down by necrotic center’s components and
inflammatory cells, which thins the fibrous cap (8). The necrotic center's cells release
hypoxia-inducible factors that encourage pathologic neoangiogenesis, which favors
intraplaque hemorrhage and continued growth of the necrotic center.

Plaque calcification is triggered by untreated inflammation, which further lessens the
plaque's mechanical stability (10). Numerous scientific researches have been performed in
order to provide the best characterization of plaque instability, but very few imagistic and
histopathological markers have proven to be effective in predicting adverse cerebrovascular
outcomes. The present chapter aims to evaluate the role of ghrelin in the progression of
atheroma plaques, osteopontin and osteoprotegerin as markers of atheroma plaque instability,
the correlation between sonographic and histopathological markers for carotid atheroma
plaques, as well as their sonographic characterization.

Personal contributions:

1. Peiu SN, Popa RF, Akad F, Cretu-Silivestru 1S, Mihai BM, Visnevschi A, Vudu L,
Tamba B, Oboroceanu T, Timofte D, Mocanu V. Perivascular Adipose Tissue
Inflammation: The Anti-Inflammatory Role of Ghrelin in Atherosclerosis Progression.
Applied Sciences. 2022; 12(7):3307.

2. Strobescu-Ciobanu C, Giusca SE, Caruntu ID, Amalinei C, Rusu A, Cojocaru E, Popa

RF, Lupascu CD.Osteopontin and osteoprotegerin in atherosclerotic plaque - are they
significant markers of plaque vulnerability? Rom J Morphol Embryol. 2020 Jul-
Sep;61(3):793-801. doi: 10.47162/RJME.61.3.17. PMID: 33817720; PMCID:
PMC8112796.



3. Cristina Strobescu-Ciobanu, R. F. Popa, Simona-Eliza Giusca, Andreea Rusu, C.
D.Lupascu. CORRELATIONS BETWEEN GRAYSCALE AND
HISTOPATHOLOGICAL PROPRIETIES OF CAROTID ATHEROSCLEROTIC
PLAQUE. Med.Surg. J. —Rev. Med. Chir. Soc. Med. Nat., Tasi —2020-vol. 124, no. 1

4. Popa, Radu & Cristina, Strobescu & Baroi, Genoveva & Raza, A & Fotea, Vasile.
(2013). Complex utrasound study of the atherosclerotic plague. Revista medico-
chirurgicald a Societitii de Medici si Naturalisti din lasj. 117. 424-30.

1.1.2. Perivascular adipose tissue inflammation: the anti-inflammatory role of
ghrelin in atherosclerosis progression

1.1.2.1 Introduction

The absence of atherosclerosis in myocardial bridges, which have no surrounding fat,
led to the misleading hypothesis of a causal role of perivascular adipose tissue (PVAT) in
atherosclerosis. PVAT s attached straight to the vascular wall and its adipokines can act
directly upon the vascular wall, which for its part modifies PVAT secretome in bidirectional
crosstalk. PVAT is neither a mere sustainer of the vascular system nor a risk factor for
atherosclerosis. It exerts various protective vasodilatory, anti-inflammatory, and antioxidative
effects.

PVAT-derived adipokines release anti-atherogenic factors, such as adiponectin,
hydrogen sulfide, omentin, IL-10, IL-19, adipose-derived relaxing factor (ADRF), nitric
oxide, hydrogen sulfide, and methyl palmitate. PVAT-derived adipocytokines with a vascular
impact include adiponectin, leptin, nicotinamide phosphoribosyltransferase (NAMPT),
omentin, chemerin, and resistin, with the first having the most detrimental impact.
Adiponectin was shown to inhibit NADPH oxidase-mediated release of reactive oxygen
species and to increase endothelial nitric oxide (NO) bioavailability. The anticontractile
relaxing action is achieved by PVAT-released angiotensin (1-7), by potassium (K*) channel
opening in the plasma membrane of smooth muscle cells, by norepinephrine uptake through
the organic cation transporter 3 (OCT-3), and the release of adiponectin mediated by the § 3-
adrenoceptor (11, 12).

Human ghrelin (C149H249N47042) is the endogenous ligand for growth-hormone
secretagogue receptor (GHS-R), GHS-R1a being its functional form. Ghrelin is a 28 amino
acid peptide secreted by the P/D1 cells, lining the stomach fundus. Human ghrelin differs
from rat only in amino acids in position 11 and 12. In order to be recognized by the GHS-R1a
receptor and to stimulate growth hormone release from the pituitary gland, the ghrelin’s serine
at position 3 is acylated by a fatty acid, the n-octanoic acid, near its N-terminal region, before
secretion. Ghrelin acylation is triggered by an enzyme known as ghrelin O-acyl transferase
(GOAT) (13). The non-modified ghrelin is called desacyl ghrelin and circulates as a free
peptide, whereas acyl ghrelin is bound to lipoproteins. Plasma levels of desacyl ghrelin are
about four or five times higher than those of acyl ghrelin in non-pathological states (14).

Ghrelin is a hormone that stimulates appetite and increases the volume of white
adipose tissue. Ghrelin reduces insulin secretion and suppresses the production of
adiponectin. Ghrelin plasma concentrations decrease after glucose and carbohydrate intake,
but a high-fat diet does not reduce ghrelin concentrations (13). It is most abundantly
expressed in specialized cells of the oxyntic glands of the gastric epithelium, but it is also
present in both vascular and cardiac tissues (14, 15). Ghrelin inhibits cytokine release (IL-1 j,
IL-6, and TNF-a) in endothelial cells by inhibiting the activation of NF-kB (16). Vasodilatory
effects of ghrelin on arteries are induced by the antagonistic action of ghrelin on the



vasoconstrictor effect of endothelin-1 (ET-1). This vasodilatory response is associated with an
increase in endothelial nitric oxide synthase production. The imbalance between the
vasodilating NO and vasoconstricting ET-1 is solved by synthetic ghrelin administration in
humans. The arterial infusion of ghrelin (200 ng/min) in humans mitigated the
vasoconstrictive effects of ET-1 and stimulated NO-dependent vasodilation by increasing NO
bioavailability (16).

In obese individuals, PVAT also increases in volume and this adipocyte hypertrophy
provides less vasoprotective factors and more pro-inflammatory adipokines, such as leptin
and resistin, pro-inflammatory cytokines (TNF-a, IL-6, GM-CSF), angiogenic factors
(vascular endothelial growth factor—VEGF) and chemokines (RANTES or CCL5, MCP-1 or
CCL2). PVAT-derived TNF-o and IL-6 stimulate ROS production and liver synthesis of C-
reactive protein (CRP), which reduces NO production by decreasing the expression of eNOS
(17).

The increased local inflammation and hypoxia suppress the cardioprotective properties
of PVAT. Obese patients with metabolic syndrome (MS) have low levels of circulating
ghrelin (18) and a compromised NO bioavailability associated with increased ET-1-mediated
vasoconstriction (19). This makes obese and MS patients a suitable model for investigating
the impact of ghrelin on vascular dysfunction.

1.1.2.2. Characteristics of PVAT

Obesity causes the dispersal of a visceral adipose tissue affected by systemic insulin
resistance, dyslipidemia, with increased levels of proinflammatory cytokines and modified
secretome. PVAT seems to share its origin with vascular smooth muscle cells and not with
visceral or subcutaneous adipose tissue. PVAT consists of adipocytes, stromal cells with pre-
adipocytes, fibroblasts, stem cells, inflammatory cells (macrophages, lymphocytes, and
eosinophils), nerves, and vascular cells (12).

In rodents, PVAT shows many similarities with brown adipose tissue due to its well-
vascularized structure and adipose morphology, whereas in humans PVAT resembles visceral
adipose tissue (20). Extrapolation of rodent studies to humans is frequently deceptive in the
research of either adipose tissues or inflammatory responses (21). Insufficient data on the
appearance of PVAT is caused by these disparities between human and animal models. The
shortage of human studies on PVAT has been caused by the lack of proper tools, but the
advance of imaging techniques has already begun to change that (20).

The inflammation caused by obesity changes the appearance of PVAT. As the
macrophages of the adipose tissue turn from anti-inflammatory (M2) into pro-inflammatory
(M1), the PVAT of obese individuals shows higher levels of M1 polarized macrophages than
in lean individuals. Therefore, PVAT has smaller adipocytes and lower levels of intracellular
lipid accumulation.

Obesity induces a whitening of brown adipose tissue in some vascular segments, such
as thoracic periaortic adipose tissue (12, 20). Aortic coarctation models in rats show a
decreased number of adipocyte progenitor cells, with lower adipocyte formation and lipid
accumulation. Differences in arterial pressure modify the adipogenic potential and stress
relaxation in aortic PVATS (22).

PVAT surrounding different blood vessels has a heterogeneous density and
appearance, resembling endothelial cells and smooth muscle cells from different vascular
beds. In human coronary arteries, PVAT has diverse-shaped and smaller adipocytes with
decreased adipogenic differentiation (23). In patients with abdominal aortic aneurysm,
adipocytes are larger than in healthy individuals (24).



In atherosclerosis, the amount of PVAT correlates directly with the size of
atherosclerotic plaque found in the corresponding vascular wall. In coronary artery disease,
enlarged PVAT as measured on CT imaging or in post-mortem human coronary artery
samples has higher volume near coronary artery segments with an atherosclerotic plaque as
compared with no plaque areas. Plague composition is also relevant for the structural changes
of PVAT. Plaque with a lipid core and calcification was shown to be associated with an
increased PVAT mass and macrophage infiltration in PVAT (25).

1.1.2.3. The anti-inflammatory role of ghrelin in adipose tissue macrophage
infiltration in atherosclerosis

PVAT surrounding arteries may be involved in building up atherosclerotic plaque
from outside the artery through infiltration of macrophages and proinflammatory factors.
However, the reciprocal may be also true, and atherosclerosis may be the cause of
inflammation in PVAT, as an expression of the bidirectional crosstalk between PVAT and the
vascular wall. Adipocytokines secreted by PVAT may diffuse into the vascular wall and draw
macrophages.

The PVAT on the atherosclerotic segments of the aorta has more macrophages as
compared to atherosclerosis-free arteries in the same patient. In the epicardial adipose tissue
of patients with coronary atherosclerosis, the number of proinflammatory M1 macrophages is
more pronounced than in controls. The inflammation of PVATS is correlated with adventitial
inflammation and atherosclerosis (25). In coronary artery disease (CAD), secretion of
adipocytokines is higher in PVAT near non-stenotic than near stenotic coronary artery
segments in patients undergoing coronary artery bypass graft surgery. PVAT macrophages are
associated with atherosclerosis in the adjacent artery, but the anti-inflammatory M2
macrophages are more abundant, which suggests desensitization of the inflammatory response
in PVAT in advanced CAD (26).

In perivascular adipocytes, the secretion of the MCP-1/CCL2 protein, with an
important role in the pathogenesis of atherosclerosis, is up to 40-fold higher than in perirenal
and subcutaneous adipocytes. Again, anti-inflammatory factors, such as adrenomedullin, are
also synthesized by PVAT, suggesting a simultaneous protective role for the PVAT on the
adjacent vessels (23). This balance between protective and detrimental effects exerted by
PVAT on atherosclerosis could be disturbed by gut-derived antigens such as
lipopolysaccharides, dietary lipids, hypoxia, or mechanical stress, which have a direct impact
on inflammation and the accumulation of proinflammatory macrophages in adipose tissues.

In vivo animal models have shown that in obesity proinflammatory signaling in
perivascular mesenchymal cells has a key role in chronic inflammation of white adipose
tissues. TLR4 signaling in perivascular stromal cells mediates proinflammatory macrophage
accumulation. Fibro-inflammatory progenitors, a specialized subpopulation of perivascular
cells activated during metabolic inflammation, modulate macrophage homeostasis (27).

Ghrelin acts directly on adipocytes to stimulate adipogenesis through preadipocyte
differentiation and antagonism of isoproterenol-induced lipolysis. The expression of ghrelin
receptors in adipocytes is upregulated during preadipocyte differentiation (28). Ghrelin
stimulates angiogenesis in the adipose tissue by inhibiting bone morphogenic protein-4
(BMP-4), which regulates adipogenic cell precursors differentiation, bone morphogenic
protein-7 (BMP-7), involved in the formation of brown adipose tissue, and VEGF (29).

Ghrelin inhibits sympathetic efferents to brown adipose tissue and impairs the
intracellular breakdown of triglycerides into free fatty acids (30), leading to weight gain.
Although ghrelin acts as a neurotransmitter that modulates sympathetic activity to white and
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brown adipose tissue, its role on lipid synthesis and mobilization and adipokine release in
PVAT requires further investigation.

Lipid storage promotes vascular inflammation. However, high ghrelin levels improve
outcomes in early atherosclerosis (31, 32). This anti-atherosclerotic effect is attributed to a
balance between macrophage cholesterol uptake and efflux regulated by ghrelin and its GHS-
Rla receptor. Ghrelin stimulates the expression of the adipogenic transcription factor
peroxisome proliferator-activated receptor gamma (PPARy) from adipocytes, which is
associated with enhanced cholesterol efflux by macrophages and lower risk of atherosclerotic
lesions (33).

Ghrelin protects against atherosclerosis by inhibiting the GRP78/CHOP/caspase-12
signaling pathway which involves endoplasmic reticulum stress-related proteins (34, 35). Gut
microbiome products, such as trimethylamine-N-oxide are involved in atherogenesis. Ghrelin
shows inverse correlations with trimethylamine N-oxide (36). The atherosclerotic process
may be accelerated by endothelial cell apoptosis which causes deposition of lipids and fibrous
elements on the arterial wall (37). The inhibition of hyperglycemia-induced apoptosis in
endothelial cells and vascular smooth muscle cells (VSMC) is mediated by GHS-Rla
receptors. Ghrelin directly inhibits VSMC apoptosis and proliferation by activation of the
cAMP/PKA pathway (38). The stimulation of intracellular signaling pathways that inhibit
apoptosis is achieved by phosphorylation and activation of ERK1/2 and PI3K/Akt (39-42).
The inhibition of plaque angiogenesis caused by oxidized low-density lipoprotein is also
mediated by GHS-R1la receptors. FGF-2, a modulator of angiogenesis that mediates
atherosclerotic neovascularization, is inhibited by ghrelin in vitro and in vivo. Ghrelin inhibits
hypoxia-induced changes in myocardial and pulmonary angiogenesis by decreasing protein
HIF-1a and VEGF, a pro-angiogenic and antiapoptotic growth factor, in the cardiac and lung
tissues (43, 44) [34,35]. Ghrelin helps improve endothelial function and inhibits endothelial
injury by increasing NO bioactivity through the activation of endothelial nitric oxide synthase
(eNOS) (18).

Obesity causes the dispersal of a visceral adipose tissue affected by systemic insulin
resistance, dyslipidemia, with increased levels of proinflammatory cytokines and modified
secretome. PVAT seems to share its origin with vascular smooth muscle cells and not with
visceral or subcutaneous adipose tissue. PVAT consists of adipocytes whose appearance
differs between healthy and diseased blood vessels, the latter being enlarged (18).

1.1.2.4. The role of ghrelin in inhibiting preinflammatory adipokine secretion

Ghrelin, the appetite-inducing hormone counteracts the effects of leptin, an adipokine
regulating satiety. Ghrelin and leptin receptors are co-expressed in more than 90% of the
neurons modulating their activity (45). Ghrelin levels decrease under prolonged exposure to
leptin, as is the case in obese individuals, except for obesity in Prader—Willi syndrome, with
high ghrelin levels.

Leptin induces ghrelin resistance. Ghrelin gene expression is reduced when leptin and
IL-1 B are administered (46). Leptin suppresses ghrelin secretion by gastric cells and the
expression of ghrelin receptors in the neuropeptide Y system (NPY) involved in the
sympathetic nervous system-induced adipose tissue growth and vasoconstriction (47).
However, ghrelin inhibits the leptin-induced release of pro-inflammatory cytokines by
increasing prostacyclin production from endothelial cells (48).

Pro-inflammatory cytokines IL-1 B, IL-6, and TNF-a were shown to suppress appetite,
especially in anxiety and stress (49), which may suggest an inhibiting effect on ghrelin. The
anti-inflammatory effect of ghrelin on adipose tissue is achieved by inhibiting the TNF-a
induced activation of caspases and apoptosis. Ghrelin limits the expression of autophagy-
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related genes (50). An anti-inflammatory role of ghrelin in atherosclerosis is suggested by an
increase in lipid infiltration, the expression of CD4 + T cells, MAC-3 macrophage antigens,
and VCAM-1 and ICAM-1 adhesion molecules in aortic arches of ghrelin receptor knockout
mice (41). The effects of ghrelin are summarized in Table I.1.

Table 1.1. Actions of ghrelin related to adipose tissues, endothelium, and atherosclerosis

Determining Action References
Factors
Increases the production of adiponectin, decreases
the production of leptin and resistin. Choi et al., 2003 (28)
Adipose tissue | Stimulates adipogenesis by reducing fat Yasuda et al., 2003 (30)
oxidation, increases food intake, and stimulates Lelisetal., 2019 (29)

preadipocyte differentiation

Adipose tissue
inflammatory cells

Dixit et al., 2004 (46)

Inhibits leptin-induced cytokine expression. Perpetuo et al,, 2021 (47)

Promotes endothelial cell proliferation, inhibits
Endothelium endothelial cell apoptosis and increases the
expression of eNOS in arterial endothelial cells.

Tesauro et al., 2005 (18)
Mengozzi et al., 2020 (17)

Inhibits overproduction of inflammatory Bedendi et al., 2003 (48)
cytokines (IL-1, IL-6, IL-8, and TNF-a), Shu et al., 2013 (51)
Atherosclerosis suppresses MCP-1 and the NF-kB pathway and Aietal., 2017 (34)
decreases the expression of Cox-2 in endothelial Yang et al., 2020 (35)
cells. Virdis et al., 2016 (52)

Table legend: eNOS- Endothelial nitric oxide synthase; IL- Interleukin; TNF-a- Tumor necrosis factor-alpha;
MCP-1- Monocyte chemoattractant protein-1; Cox-2- Cyclooxygenase-2.

1.1.2.5. Leukocyte—endothelial eell-platelet interaction

In the leukocyte-platelet aggregates which characterize atherosclerosis, platelets
recruit and activate leukocytes. For their part, leukocytes act on the hemostatic system by
activating platelets through immuno-thrombosis, contributing to either pro-inflammatory
(cytokine and chemokine release, reactive oxygen production, and lymphocyte development)
or anti-inflammatory effects (inhibited monocyte recruitment and cytokine or chemokine
production via platelet receptor glycoprotein Iba and sCD40L).

Platelets are involved in plaque rupture and atherothrombosis in an attempt to preserve
blood vessel integrity. By recruiting immune cells, platelets accelerate the atherosclerotic
process (53, 54). Moreover, the interactions with the vascular wall are also suspected to
impair leukocyte recruitment by platelets, as platelets may interact directly with endothelial
cells in atherosclerosis, under the influence of cytokines (55).

In healthy non-obese individuals, ghrelin was shown to exert no effects on either
platelets or endothelial cells (56). Later studies have shown that ghrelin can inhibit platelet
aggregation. Its antithrombotic effects were shown by the protective effects of ghrelin pre-
treatment on liver coagulation disturbances in rats and by ghrelin involvement in the
inhibition of MCP-1 expression, with indirect decreasing effects on platelet aggregation and
adhesion (51, 57).

In excessive adipose tissue, chronic inflammation leads to increased platelet volume.
Platelets become highly activated and aggregated. In obese adipose tissues of mice, the
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interactions between leukocytes and endothelial cells are higher than in lean mice and the
platelets are hyperactivated (58).

.1.2.6. Inflammation and oxidative stress in PVAT. The role of ghrelin in
vasoreactivity

PVAT influences vasodilation and vasocontraction and regulates vascular tone and
diameter. PVAT-derived ROS can directly inhibit smooth muscle cell contractions by
activating the receptor of NO, soluble guanylyl cyclase. Hydrogen peroxide release is another
mechanism of PVAT-induced anticontractile vascular effects (59).

Healthy perivascular adipocytes inhibit vasoconstriction by activating the potassium
channels in smooth muscle cells through the adipocyte-derived relaxing factor (ADRF).
However, the vasodilatory effect of PVAT is mostly present in an association of intact
endothelium with intact PVAT (23). In non-obese type 2 diabetes animal models, no relaxing
properties of PVAT from rat aortas were found (60).

Ghrelin, a modulator of gastric motility, has kinetic properties which also impact the
vascular tone. PVAT modifies the local production of angiotensinogen, which regulates blood
pressure (61). Ghrelin inhibits angiotensin I1-induced proliferation and contraction of human
aortic smooth muscle cells (62). Ghrelin inhibits the vasoconstrictor angiotensin-11 by
increasing the intracellular concentration of CAMP and increasing the bioavailability of NO,
which has vasodilatory properties. The decrease in blood pressure may be also mediated by
the brain, where ghrelin suppresses sympathetic activity (47).

The vasodilatory effects of ghrelin (63) are confirmed by the finding that low ghrelin
levels are associated with increased blood pressure (64). Ghrelin was found to suppress
oxidative stress in hypertensive rats (65). High levels of ghrelin were associated with
hypertension only in obese women (47). Ghrelin inhibits a major source of intravascular ROS
formation, the isoform cyclooxygenase-2 (COX-2) found in hypertensive patients (52).

Ghrelin secretion declines with age (66), and aging is a major risk factor for
atherosclerosis. The decreased levels of ghrelin are aggravated by MS, as obese and diabetic
individuals are known to have low levels of ghrelin (67, 68).

The increase in adipose tissue mass has major implications on the characteristics of
PVAT, with detrimental effects on vascular health. Due to its cardiovascular protective
effects, ghrelin could compensate for these vascular dysfunctions.

However, various ghrelin polymorphisms, such as Leu72Met, indicate an increased
risk of coronary artery disease (42). Moreover, despite its orexigenic effect, circulating
ghrelin levels decline in obesity, diabetes, and MS, but this decrease applies to des-acyl
ghrelin concentrations, the most abundant form of ghrelin, whereas acylated ghrelin remains
unchanged or increases (50).

1.1.2.7. Conclusions

The present study collated the protective and detrimental effects of PVAT and ghrelin
in inflammation and atherosclerosis and showed that ghrelin could also have an important role
in vascular fat accumulation and pathophysiology.

Extensive research has been conducted on the role of ghrelin in vascular and adipose
tissues.

The effect of ghrelin on PVAT remains poorly understood and should be further
investigated.
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The two isoforms of circulating ghrelin, acylated and des-acylated ghrelin should be
analyzed independently, due to their distinct role in atherosclerosis protection and adipose
tissue remodeling.

1.1.3. Osteopontin and osteoprotegerin in atherosclerotic plaque — are they
significant markers of plaque vulnerability?

1.1.3.1. Introduction

More than 100 years after the first accepted definition (69), atherosclerosis (ATS) is
still considered as a major, global health problem (70). The outlining usually used for this
chronic condition includes the following characteristics: it is a prominent cause of vascular
disease, the main clinical manifestations are ischemic heart disease, stroke and peripheral
arterial disease, and the key pathological feature is the thickening of the arterial wall (69). The
concept of atherosclerotic burden was introduced and agreed due to the impact of the disease
on the general population, based on its predictive power for critical cardiovascular outcomes,
followed by threatening complications and an increase rate of mortality (70, 71).

The deeper understanding of ATS pathology represents an important target in medical
research. Remarkable results have been accumulated over time, leading to the identification
and grouping of microscopic lesions in classifications whose relevance has been supported by
clinicopathological correlations.

ATS has a progressive course affecting the large elastic and medium muscular arteries
(72). The pathognomonic lesion is the atherosclerotic plaque, which develops either by
thickening resulting in stenosis or fissure of vessels, generating a thrombotic material
involved in the occurrence of ischemic events (72).

Thus, the assessment of the atherosclerotic lesion type allows not only a staging but
also an insight into the dynamics of the pathogenic process. Therefore, the most reliable
classification of atherosclerotic lesions, developed by the American Heart Association
(AHA), sets the type of lesion by microscopic examination of certain elements, closely related
to the developmental stages of this process (72, 73).

There is a paradigm shift in understanding the ATS pathology in the last years, by
translation from tissue visible events to molecular mechanisms (5, 74-79). Classical data were
supplemented by the involvement of the endothelial, muscular, and inflammatory cell,
through specific signaling pathways and molecular crosstalk (5, 74-79).

Within this context, osteopontin (OPN) and osteoprotegerin (OPG) are two molecules
that have been associated with the initiation and progression of ATS lesions, being linked to
plaque vulnerability by modulating vascular calcification (80-82).

OPN is an extracellular matrix (ECM) protein that functions as a proinflammatory
cytokine (83), beside binding potential of hydroxyapatite crystals to osteoblasts which has
been originally described (84). It is also involved in most systemic inflammatory processes
and tissue remodeling (83). The involvement of OPN in the pathogenic mechanism of ATS is
supported by fibroblasts and macrophage’s ability to synthesize OPN (83, 85). Clinical
evidence has confirmed a correlation between plasma OPN levels and coronary and aortic
ATS, with a noticeable increased value in large vessel lesions (86).

OPG, a protein in the tumor necrosis factor receptor (TNFR) family, acts on bone
tissue as an inhibitor of bone resorption and inhibits the immune response (87). At
cardiovascular level, OPG synthesized by macrophage and expressed by endothelial and
smooth muscle cells has a protective role in the development of ATS (88). OPG is one of the
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major components of endothelium-specific intracytoplasmic corpuscles, called Weibel-Palade
bodies (89, 90).

In endothelial activation by tumor necrosis factor alpha (TNF-a) and interleukin-1§
(IL-1B), the corpuscles are secreted into the extracellular environment, thus protecting the
endothelium from the apoptotic process triggered by the TNF-related apoptosis-inducing
ligand (TRAIL) pathway (89, 90). Moreover, OPG binds thrombospondin-1 (TSP-1), thus
intervening in the regulation of vascular damage and thrombus formation (87). OPG
expressed by smooth muscle cells of medial layer is preventing the calcification of the ECM,
but not the resorption of the already deposited calcium (88, 91).

Concurrently with the pathogenic mechanism of ATS, the researchers’ interest is also
directed on its clinical and therapeutic management. A critical problem is the fact that the
disease can remain asymptomatic for many years, complications often being the first clinical
manifestation.

The progress made in the development of non-invasive cardiovascular techniques,
folded up by the increase of patients’ accessibility to these techniques has improved the
prognosis for ATS, allowing a more accurate evaluation of early stages of the disease.
Ultrasonography (US) represents the first line approach for diagnosis. US performances allow
not only the identification of the lesion, but also determine the degree of stenosis (92, 93) and
the associated risk. It is already known that the echolucent plaques are vulnerable and with a
higher probability to determine transitional ischemic strokes.

Thus, imaging diagnosis can prevent dramatic ischemic lesions, by prioritizing those
cases that require endarterectomy. Early diagnosis and therapy of atherosclerotic carotid
artery disease have significantly reduced the risk of complications, mainly the stroke risk —
the results being confirmed by two clinical trials targeting this issue (94, 95).

However, there are still limits related to the accuracy of imaging diagnosis. That is
why researchers are testing additional markers that can enhance the quality of the diagnosis.
Gray scale median (GSM) is an US marker for atherosclerotic plaque aspect (96, 97), but its
value is still disputed in the literature.

Within this context of knowledge, the present research is based on the experience of
the Department of Vascular Surgery, Sf. Spiridon Emergency County Hospital, Iasi,
Romania, in the diagnosis and surgical treatment of ATS lesions and completes our previous
published reports on this subject (98, 99).

1.1.3.2. Aim

Specifically, our study aims to assess the OPN and OPG expression in advanced
stages of carotid ATS, to analyze the correlation between these markers and the
ultrasonographic plaque properties, pointing out the identification of possible patterns that can
predict plague vulnerability and risks of restenosis, after carotid endarterectomy (CEA).

1.1.3.3. Materials and methods

The study group comprised 49 consecutive patients (38 males and 11 females, average
age 66+6.16 years old) diagnosed with carotid stenotic lesions and treated in the Department
of Vascular Surgery, Sf. Spiridon Emergency County Hospital, lasi, from January 2015 to
April 2018.

The selection of the patients was based on well-established inclusion criteria (namely
70-99% stenosis of internal carotid arteries without symptoms, 50-99% stenosis of internal
carotid arteries associated with recent transitory ischemic attack or stroke). The exclusion
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criteria included the presence of chronic autoimmune, endocrine, hepatic, renal or cardiac
conditions, and neoplasms.

The study received the ethical approval of “Grigore T. Popa” University of Medicine
and Pharmacy, lasi. Epidemiological, clinical characteristics, and preoperatory treatment for
the patients in our group are summarized in Table 1.2.

Table 1.2. Epidemiology, clinical characteristics, and pre-operatory treatment

Characteristics | No. of cases | Percentage

Gender

- Male 38 77.5%

- Female 11 22.5%
History of neurological symptoms

-TIA 19 38.7%

- Stroke 18 36.7%

- Amaurosis fugax 3 6.1%

- Absent 9 18.4%
Risk factors

- Hypertension 37 75.5%

- Dyslipidemia 20 40.8%

- Diabetes mellitus 15 30.6%

- Active smokers 10 20.4%

- Peripheral arterial disease 15 30.6%
Treatment

- ASA/platelet aggregation inhibitors before admission 40 81.6%

- HMG-CoA reductase inhibitors before admission 48 97.9%

Table legend: ASA: Acetylsalicylic acid; HMG-CoA: B-Hydroxy-B-methylglutaryl coenzyme A; TIA: Transient
ischemic attack.

The diagnosis was established using US, B-mode and Doppler [Siemens US
equipment (X700)]. The examination of the common and internal carotid arteries was
performed in supine position, the neck being rotated at 45° in the opposite direction. The
degree of stenosis was measured and reported according to North American Symptomatic
Carotid Endarterectomy Trial (NASCET) method (94).

The plaques were described and classified according to the Gray—Weale classes in
two main categories: vulnerable and stable (100). Vulnerable plaques included anechogenic
plaques with fibrous cap (type 1) or plaques with less than 25% of echogenic areas (type 2),
whereas stable plaques category included the hyperechogenic ones, with reduced anechogenic
zones (less than 25% — type 3) or with homogenous hyperechogenicity (type 4). After that,
type 1 and type 2 plagues were grouped in echolucent plaques, whereas type 3 and 4 — in
echogenic plaques.

All collected ultrasonographic images were analyzed by applying the GSM (97). The
calculation of GSM (for each plaque) required an image-analysis technique performed by
using Adobe Photoshop application and the following steps: image normalization, that
ensures the decrease of the gain-induced variability characteristic for the image echogenicity;
image segmentation, considering two values of reference: 0 for black (corresponding to the
blood) and 255 for white (corresponding to the adventitia); selection of the plaque area with
subsequent acquisition of the corresponding histogram.

The CEA specimens were standardly processed for histopathological (HP) and
immunohistochemical (IHC) exams at the Laboratory of Histology. Serial sections were cut
using a microtome, stained with Hematoxylin—Eosin and trichrome, and also prepared for
IHC technique.
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The microscopic exam in standard and special stainings allowed the classification of
the atherosclerotic lesions using the criteria of AHA classification. For each plaque, several
parameters for plaque vulnerability were noted, specifically: calcification, hemorrhage,
ulceration, inflammation, and necrosis.

IHC technique was performed using two specific primary antibodies anti-OPN (rabbit
polyclonal antibody, code: ab231484, 1:100 dilution) and anti-OPG (rabbit polyclonal
antibody, code: ab183910, 1:1000 dilution). Tissue section were dewaxed in two baths of
xylol and rehydration was done by immersion of slides in ethanol. To unmask the antigenic
situs by heat-induced epitope retrieval, the slides were immersed in citrate buffer pH 6 and
placed in a water bath at 97°C, for 20 minutes. The reaction was developed with a specific
Horseradish peroxidase (HRP)/3.3’Diaminobenzidine (DAB) detection kit using HRP-labeled
Streptavidin, a biotinylated secondary antibody and DAB

The expression of the two biomarkers was quantified taking into consideration the
intensity of the immunolabeling (low and high, respectively) and the extension of the
Immunopositive area inside the plaque. Therefore, negative lesions and those with low
immunopositivity in less than 50% of the plaque area were classified as low OPN/OPG
expression, and the lesions with high OPN/OPG expression were considered when the
immunostaining was noted in more than 50% of the interest area defined in the plaques. The
assessment was performed by three trained histopathologists. The final results were decided
in consensus, in order to avoid the degree of subjectivity in the semi-quantitative assessment.

For statistical analysis, we used the Statistical Package for the Social Sciences (SPSS)
program (version 19.0). Nominal variables were analyzed using the y 2 (chi-squared) test and
we considered a priori a p-value <0.05 as significant.

1.1.3.4. Results

The results of ultrasonographic examination revealed 33 patients who presented a
degree of stenosis between 70-99%, 14 patients with stenosis between 60-69%, and two
patients with stenosis between 50-59%.

All identified internal or common carotid lesions were classified as follows: 21
plaques as echolucent, and 28 plaques as echogenic. We noticed that most of the echolucent
plagues were type 1 (16 cases), anechogenic with echogenic fibrous cap, whereas the
echogenic plaques were predominantly type 3 (26 cases), characterized by hyperechogenicity
mixed with less than 25% anechogenic zones.

By using the GSM score and a threshold of 37 based on the GSM value for quartile
25, 13 plaques were considered vulnerable (GSM <37), and 36 plaques were stable (GSM
>37).

The microscopic exam showed 35 plaques with specific features for AHA type V
(morphologically stable plaques) and 14 plaques with particular morphological changes for
AHA type VI (morphologically unstable plaques).

The qualitative assessment of OPN and OPG in atherosclerotic plaques showed a fine
granular expression pattern, with heterogeneous distribution and variable intensity (low,
moderate, or high).
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Figure I.1. Low OPNexpressmn |n the berlpheky of the I|p|d d core (IHC stalnlng with anti-
OPN antibody, x100). IHC: Immunohistochemical; OPN: Osteopontin

Figure 1. 2 Strong OPN expressmn in the perlphery ofthe calcification area in foamy
macrophages, fibroblasts, and inflammatory cells of the plaque (IHC staining with anti-OPN antibody,
x100). IHC: Immunohistochemical; OPN: Osteopontin

OPN expression, with low or moderate intensity, was identified in the lipid core and in
the areas adjacent to dystrophic calcifications in more than 50% of cases (Figure 1.1).

High intensity expression of OPN was observed in the lipid core and very rarely in the
ECM, only in plaques with moderate or well represented inflammatory infiltrate (Figure 1.2).
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Figure I. 3 Strong OPG expression in the fibro- I|p|d plaque (I|p|d core, smooth muscle cells,
fibroblasts, extracellular matrix); smooth muscle cells OPG positive in the media (IHC staining with
anti-OPG antibody, x100). IHC: Immunochistochemical; OPG: Osteoprotegerin

Figure 1.4. Strong OPG expressmn in the I|p|d core, adjacent to cholesterol crystals, in the
extracellular matrix and intracellular matrix resident cells (fibroblasts) or migrated cells (inflammatory
elements) (IHC staining with anti-OPG antibody, x%100). IHC: Immunohistochemical; OPG:
Osteoprotegerin

Cells expressing OPN were macrophages, myofibroblasts, and focal smooth muscle
cells, but the intensity of expression was low. OPG high intensity expression was constantly
identified in the intimal layers as fine granular areas within dystrophic calcification and
around them, as well as in atheromatous core (Figures 1.3 and 1.4).

OPG was also identified in the ECM of plaques, occupying large areas (corresponding
to increased synthesis), especially in plagues with associated inflammation or numerous
smooth muscle cells. Areas containing foamy macrophages and smooth muscle cells in the
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media were strongly positive for OPG. OPG was also focally observed in smooth muscle cells
migrated to the fibrous cap. OPG decreased cellular expression was associated with increased
expression of OPG in the ECM.

The semi-quantitative assessment based on the applied scoring system, revealed low
OPN expression in 35 plaques and high expression in the other 14 plaques specimens. On the
other hand, OPG was low in 16 plagques and high in 33 plaque specimens.

A significant statistical correlation was noticed between histological AHA type and
ultrasonographic classification (echogenic versus echolucent) (p<0.001).

Ultrasonographic classification was correlated with hemorrhage (p=0.013), ulceration
(p=0.001), inflammation (p=0.004), and necrosis (p=0.025), but no significant correlation was
registered for the plaque calcification (p=0.219). There were no statistically significant
differences between low versus high expression of intra-plaqgue OPN and OPG (p=0.335).

Statistical analysis showed significant correlation between OPN and plaque
echogenicity (p=0.011), but not for OPG (p=0.079). Moreover, no statistical significance
could be identified between OPG or OPN and GSM, neither as individual value nor as
threshold.

Table 1.3. OPN and OPG expression in correlation to morphological parameters

Morphological OPN p-value | y2 test OPG p-value %2
parameters expression expression test
Low High Low High
Calcification - Negative 6 (60%) 4 (40%) | 0.370 2 (20%) 8(80%) | 0.339
Calcification - Positive 29 (74.4%) 10 14 (35.9%) 25
(25.6%) (64.1%)
Hemorrhage - Negative 31 (73.8%) 11 0.366 15 (35.7%) 27 0.263
(26.2%) (64.3%)
Hemorrhage - Positive 4 (57.1%) 3 1 (14.3%) 6
(42.9%) (85.7%)
Ulceration - Negative 30 (81.1%) 7 0.009 14 (37.8%) 23 0.174
(18.9%) (62.2%)
Ulceration - Positive 5 (41.7%) 7 2 (16.7%) 10
(58.3%) (83.3%)
Inflammation - Negative | 29 (90.6%) 3(9.4%) | <0.001 | 11 (34.4%) 21 0.724
(65.6%)
Inflammation - Positive 6 (35.3%) 11 5 (29.4%) 12
(64.7%) (70.6%)
Necrosis - Negative 27 (75%) 9 (25%) | 0.357 13 (36.1%) 23 0.390
(63.9%)
Necrosis - Positive 8 (61.5%) 5 3 (23.1%) 10
(38.5%) (76.9%)
Morphologically stable 28 (80%) 7 (20%) | 0.036 13 (37.1%) 22 0.289
plaques (62.9%)
Morphologically 7 (50%) 7 (50%) 3 (21.4%) 11
unstable plaques (78.6%)

Table legend: OPG: Osteoprotegerin; OPN: Osteopontin.

Statistically significant differences were registered between OPN expression (low
versus high) and plague type (stable versus unstable) (p=0.036), and also for plaque ulceration
(p=0.009) and inflammation (p<0.001). OPG expression (low versus high) did not reveal
statistically significant differences with plaque type (stable versus unstable) and vulnerability
plaque parameters, respectively (Table 1.3).
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1.1.3.5. Discussions

Currently, plaques removed by CEA which are not analyzed by standard histology are
wasted. Several studies have emphasized that the histological analysis of the plaque
specimens harvested during a CEA may provide insights in the atherosclerotic process of the
entire vascular system (100-102). It is worth mentioning that the accurate diagnosis for ATS
lesions is based on the histological exam, in accordance with AHA classification. Thus, the
unstable plaques, susceptible to rupture have a central necrosis mass, rich inflammatory
infiltrate, and a thin fibrous cap. On the other hand, the stable plaques show a small lipid core,
few inflammatory cells, and a thick fibrous cap.

The histological characterization of the CEA specimens can be compared with
imaging features of the plaques, leading to a more precise diagnosis for stable versus
vulnerable plaques. These features have major implications in the prediction of the
atherosclerotic process evolution, including the possible risk of a cerebral thromboembolism
resulting in stroke, transient ischemic attacks or amaurosis fugax (103, 104).

We must highlight that in our study most carotid atherosclerotic plaques have been
obtained from asymptomatic patients (either with no symptomatology at all or with cerebral
ischemic events older than six months) and were echogenic, stabile plaques, with surgical
indications for CEA due to stenosis severity.

The review of the literature reveals constant effort aiming to provide uniformity in
reports on atherosclerotic plaque imaging, either US, computed tomography (CT) or magnetic
resonance imaging (MRI) versus histology.

One of the first relevant paper on this topic, published in the 80’s, reported that the
echolucent plagues frequently present intraplaque hemorrhage in comparison with the
echogenic ones (100). Another classification is based on the degree of plaque echogenicity,
proposing three distinct types: hypoechogenic plaque, often associated with serious retinal
phenomena, hyperechogenic plaque, correlated with an asymptomatic status, and intermediate
echoic plaque, responsible for the occurrence of cerebrovascular symptoms (105). The
presence of hemorrhage area represents a characteristic of hypoechogenic plaques, whereas
necrosis and calcification do not have an echomorphologic predilection (105). This makes it
difficult to distinguish by ultrasound techniques between calcified plaques and those with
necrosis, thus limiting the diagnostic accuracy of this investigation and suggesting the need
for additional histological analysis (105).

The comparative histological-imaging approach could provide a new perspective in
establishing the type of atherosclerotic lesions by promoting a non-invasive investigation.
Relevant data are provided by a review that analyzed 73 studies that compared carotid plaque
imaging with carotid plaque histology (101). Unfortunately, this review revealed a large
variety of histological and/or imaging techniques, including performance of the equipment
and the examiner subjectivity, without a common methodology and measurement parameters.
Therefore, the paper cannot offer an integrated, histological-imaging overview regarding the
atheromatous process (101).

Histological assessment had been variable according to the processing method, type of
section (cross-section in 66% and longitudinally in 4% of studies, respectively), thickness of
the sample, staining, and not least the number of sections (101). From the total number of
studies, the correlations between histology and imaging addressed the size of lipid core by
reference to the fibrous layer in 77%, calcification in 66%, intra-plague hemorrhage in 56%,
surface-thrombus in 37%, rupture in 21%, inflammation in 12%, cap thickness in 10%, and
plaque neovascularization in 4% (101).

The evaluation was predominantly qualitative and only 20 studies used computer-
assisted image analysis in addition to classical histological exam to determine the percentage
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of each element in the structure of plague (101). On the other hand, even if the same imaging
methods were used, with similar criteria ensuring the reproducibility of the study (i.e., Gray—
Weale scale of ultrasonographic echogenicity), the results were extremely variable (101).

All these deficiencies led to the necessity to develop new reporting criteria that show
atheromatous plaque characteristics from both histological and imaging point of view, in
order to provide a diagnosis as accurate as possible (101). The correlation between the
histological analysis and the imaging technique (US, CT or MRI) facilitates the atheromatous
process staging and enables the development of appropriate therapeutic strategy in relation to
the particularities of each reported investigation.

Relying on the classification of atherosclerotic plaques in echogenic or echolucent, our
study identifies a strong correlation with histological examination and AHA plaque type,
providing information about carotid plaque vulnerability by identifying hemorrhage
(p=0.013), ulceration (p=0.001), inflammation (p=0.004) or necrosis (p=0.025) in echolucent
plaques.

Although other studies showed significant correlation between high echogenicity and
calcified plaques (106, 107), our study did not confirm this association. Our results indicate
that the echogenic plaques are predominantly calcified and also some of the echolucent,
vulnerable plagues show a variable degree of calcification.

Thus, imaging diagnosis does not equal the specific ability of histopathology to refine
lesions type and there is no perfect matching between US and the histological approach. US
offer a two-dimensional image, with low potential to cover the entire plaque volume and it is
dependent on the potential to overcome shadowing artefacts caused by calcified plaques
(108). Unfortunately, US is characterized by low levels of reproducibility (109, 110) and
GSM values have a very low level of correlation with HP examination results (111).

The optimization of the imaging techniques is an important step to promote non-
invasive methods for diagnosis, but it cannot be done in the absence of histological
contributions. Early diagnosis of atherosclerotic lesions and their predicable evolution are
common goals of clinical and histological examinations. Any success in this approach
provides new perspectives for a deeper understanding of ATS, a disease with significant
incidence and impact in general population.

Classically, the etiopathogenesis of ATS involves metabolic, mechanical, infectious,
or inflammatory lesions (72, 78). Nowadays, current trends in ATS research trigger the
molecular pathogenesis that determines the onset and progression of disease. From the
description of specific histological changes, the level of knowledge has deepened into specific
mechanisms and pathways based on the synergistic action of products synthesized by vascular
wall cells and circulating factors (112). Despite the progress made in deciphering the
molecular interferences that lead to vascular damage and structural remodeling, there are still
a multitude of unknown elements.

The extensive panel of molecular markers involved in the pathogenic mechanism of
ATS includes OPN and OPG, considered as calcification markers. These bonematrix proteins
seem to have an important role in mineral deposition and osteoclastogenesis inhibition and are
expressed by most vascular cells (113, 114).

OPN is synthesized mainly by macrophages stimulated by numerous cytokines [i.e.,
angiotensin Il, TNF-a, interferon-gamma (IFN-y), and transforming growth factor beta (TGF-
B), and various interleukins — IL-1, IL-2, IL-3], lipopolysaccharides and nitric oxide (115).
Although OPN upregulation is still unknown, it seems that peroxisome proliferator-activated
receptor gamma (PPARYy) has the main role, as an inhibitor of its gene expression. OPN acts
by direct interaction with several types of membrane receptors belonging to integrin family
and with cluster of differentiation 44R (CD44R) (116).

22



Once synthesized, OPN is responsible for several actions: it promotes adhesion,
migration, and monocyte differentiation, stimulates matrix metalloproteinase (MMP)-2 and
MMP-9 expression, stimulates phenotypic T1-lymphocytes differentiation, and inhibits T2-
lymphocytes differentiation.

Given that MMPs are involved in degradation of the ECM, this effect is synergistic
with the pro-migratory monocyte action (117). Thus, OPN has a crucial role in the
recruitment of macrophages which, in turn, stimulate cytokine secretion and, consequently,
cellular immunity is activated.

As a chemoattractant for inflammatory cells, OPN has an important role in healing
and in vascular remodeling, and, supplementary, it has an inhibitory effect on calcification.
Consequently, OPN could be responsible for the evolution of unstable plaques (118, 119).

A close relationship between plasma OPN levels and ATS has been demonstrated
(86). In vulnerable plaques, increased OPN expression is associated with the association of
inflammation and calcifications (120).

The major role of OPG is associated with bone turnover (87). The study of OPG
expression in normal and pathological status is also demonstrating other functions, such as:
promoter of cell survival, stimulator of tumor cells apoptosis and inhibitor of the immune
response. The process of vascular calcification during ATS lesions progression has many
similitudes with bone formation, without being identical phenomena (87, 91).

The role of OPG in the induction of osteogenesis analyzed by several experimental
and clinical studies reveal contradictory data. Some reports indicate that the presence of OPG
inhibits the mineralization process, thus having a potential role in preventing calcification in
atheroma plaques (91). According to these data, the fibrous cap plaques are dominant in
carotids (73%) and express more OPG, while calcified plagues are more common in femorals
(93%) and show a lower OPG expression (121).

Increased OPG expression in carotid plaques is correlated with an increased number of
macrophages (89). On the other hand, other reports show an increase in morbidity and
mortality by cardiovascular disease associated with elevated serum OPG levels, as well as an
increased OPG expression in unstable plaques (122-124). Thus, although OPG is
unanimously accepted as a marker of ATS and of intraplaque stabilization, it is not clearly
established whether it is a pathogenic factor or appears because of endothelial activation (122,
124, 125).

Our semi-quantitative analysis of OPN and OPG in atherosclerotic plaque, defining
the expression as low and high, showed that in most cases (31 plagues) OPG and OPN had
opposite expressions. However, OPG and OPN expression was similar in 18 cases (eight
cases high and 10 cases low expression, respectively). These data support that OPG and OPN
are co-expressed in carotid atherosclerotic plaques, as markers of inflammation and
calcification processes.

From a clinical and histopathological point of view, the presence of calcification in the
carotid plaque determines its stability and decreases the risk of rupture and the presence of
symptomatology.

Our data support the dual role of the OPN. OPN was poorly expressed in 29 calcified
plaques and in plaques without hemorrhage (31 plaques), ulceration (30 plaques),
inflammation (29 plaques) or necrosis (27 plaques). The correlation of OPN expression with
the presence of intraplaque ulceration and inflammation confirms its involvement in
vulnerable morphological lesions (p=0.036).

Our data support the association of OPG with the mineralization process, OPG being
strongly expressed in stable, calcified plagues. More specifically, OPG was highly positive in
33 plaques, 25 (75%) of them showing calcifications in histological examination. In addition
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to these data, our study shows no statistical significance between GSM and AHA plaques type
or the presence of OPN or OPG.

1.1.3.6. Conclusions

OPG and OPN co-exist in carotid atherosclerotic plaque demonstrating a modulatory
role in inflammatory and calcification processes. OPG is strongly expressed in stable,
calcified plaques, while OPN is poorly expressed in calcified plaques and in plaques without
hemorrhage, ulceration, inflammation, or necrosis.

1.1.4. Correlations between grayscale and histopathological proprieties of carotid
atherosclerotic plaque

1.1.4.1. Introduction

The high rate of strokes, 1.4 million/year and consequently the high mortality of 1.1
million/year among Europe citizens is alarming (93, 126, 127). The most common cause of
TIA or stroke is carotid artery and vertebral artery atherosclerosis, or thrombosis and the
neurological deficit can occur suddenly, in “full health” (128). The management of
atherosclerotic carotid and vertebral artery disease is one of the most studied and discussed
topic in the last years at each international vascular surgery meeting and was the topic of 2
major trials: The North American Symptomatic Carotid Endarterectomy Trial (NASCET) and
The European Carotid Surgery trial (ECST) (94, 95). Identifying patients at risk for ischemic
cerebral events is an important concern for vascular surgeons. Ultrasound is preferred for
carotid artery imaging due to its accessibility, low cost and non-invasiveness (93). The
association of B-mode and Doppler color flow imaging increases the possibility of
quantifying the degree of stenosis (92, 93).

Previous studies have identified the ultrasonic echo lucent plaques as vulnerable and
associated them with a higher probability of causing TIAs or ischemic strokes. GSM is an
ultrasound-based risk marker that measures atherosclerotic plaque echogenicity (96, 97). Its
value is still disputed in the literature. This prospective study aimed to determine if GSM is a
predictor of carotid plaque vulnerability.

1.1.4.2. Materials and methods

Included in this study were 49 consecutive patients admitted to the Department of
Vascular Surgery of the lasi “Sf. Spiridon” County Clinical Emergency Hospital between
January 2015 and April 2018 with indication for CEA. There were 38 male and 11 female
patients, median age 66 years old (range 54-80), 34 patients being over age 65 years at the
time of diagnosis.

The patients were selected from the cases with a high probability of advanced internal
carotid artery (ICA) lesion referred from neurology departments, and from those with
peripheral vascular disease already admitted to our department who screened positive for
significant carotid artery stenosis.

The inclusion criteria were asymptomatic ICA stenosis greater than 70%, recent
history of transient ischemic attack (T1A) and ICA stenosis of 50-99% with a history of stroke
maintaining  self-sufficiency. The exclusion criteria were autoimmune diseases,
hypothyroidism, osteoporosis, hepatic insufficiency (GOT higher than 2.5 UI/L), chronic
renal disease (creatinine above 2.0 mg/dL), ischemic heart disease classes IlI, IV NYHA,
atrial fibrillation, malignancies (98).
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All patients underwent a new Doppler ultrasound examination using a Siemens X 700
ultrasound system. B-mode settings for carotid exploration were saved and used each time
trying to ensure uniformity throughout the study (figure 1.5).
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Figure 1.5. Intrastenotic blood flow velocity at ICA bifurcation

Patients were examined supine with the neck rotated 45 degrees to the opposite side.
A peripheral vascular transducer was used. Carotid arteries were examined bilaterally, both in
transverse and longitudinal planes (using an angle < 60°). Stenosis was measured according to
the NASCET method and was calculated as the ratio between minimal residual lumen
diameter at the stenosis as the numerator and the diameter of the disease-free ICA segment
above the stenosis (where the vessel walls were approximately parallel) as denominator, in
correlation with Intrastenotic flow (92). The images were stored and transferred to a
computer in order to calculate GSM for all study patients.

All images were normalized according to the method proposed by El-Atrozy et al. in
order to eliminate gain-induced variability of echogenicity (97). The enhanced ultrasound
images were processed using the computer software Adobe Photoshop and selecting two
reference points: blood (black) and adventitia (white) (figure 1.6). The GSM of blood was set
to 0, while the GSM of adventitia was set to 255.
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Figure 1.6. Post-normalization US image

25



To determine the GSM for each carotid plaque the best segment for visualization was
selected followed by the use of the histogram function of the software (97) (figure 1.7).
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Figure 1.7. Histogram acquisition returning GSM value

All patients underwent carotid endarterectomy and patch angioplasty. Carotid
endarterectomy specimens were processed by the standard paraffin embedded histology
technique at the Histology Laboratory of the lasi University of Medicine and Pharmacy. For
each fragment, representative sections were selected and stained with hematoxylin and eosin.
The lesions were analyzed by two pathologists who classified the atherosclerotic plaques
according to the AHA criteria (73).

The microscopic examination of carotid ATS plaques was focused on three main
components, namely the cells (smooth muscle cells, macrophages and other leukocytes),
extracellular matrix and intraand extracellular lipids. Also determined was the presence or
absence of the wvulnerability factors (inflammation, LRNC, intraplague hemorrhage or
ulceration).

According to the histological criteria, the carotid ATS plaques belonged to two
categories: stable, that includes type 1V (atheroma) and type V (fibroatheroma) AHA lesions,
and vulnerable, that comprises type VI AHA lesions (with erosions of the endothelium or
fibrous cap, ulceration or intraplaque hemorrhage).

Statistical analysis was performed using SPSS software, Chi square descriptive test
compared the ultrasound vulnerable plaques with GSM <=37 with the histopathologicaly-
proven vulnerable plaques, AHA class VI.

1.1.4.3. Results

Ultrasound scanning diagnosed 33 patients with 70-99% carotid stenosis, 14 patients
with 60-69% and only 2 patients with 50-59% carotid stenosis, the last 2 patients having an
indication for carotid endarterectomy due to recent symptomatology.

GSM measured after ultrasound image normalization revealed a high grade of
heterogeneity of plaques. GSM ranged from 8 to 130, median 48 (Table 1.4). Values in the
first quartile ranged from 8 to 37. Unstable plagues were more heterogenic, with higher
transparency and lower GSM than stable plaques. Quartile 25 included 13 plaques with
increased ultrasound-based vulnerability and higher echo transparency. Quartile 50 and
Quartile 75 included 36 echogenic, stable plaques according to ultrasound criteria.
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Table 1.4. GSM value quartile distribution
Min Q25 Median Q75 Max
8 37 48 59 130

Of the total of 49 carotid ATS plaques, 14 were classified as unstable AHA type VI
lesions (figures 1.8 and 1.9), with the following complications: intraplaque hemorrhage caused
by the rupture of vessels in the granulation tissue of the atheroma in 2 cases, bleeding and
ulceration in 5 cases and areas of erosion or irregular endothelial ulceration caused by plaque
necrosis in 7 cases. The other 35 plaques were considered stable AHA type V lesions.
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Figure 1.8. Fibro lipidic plaque-compact calcification, destruction of internal elastic lamina
(IEL) and marked compression of the media; adjacent to macrophage calcification loaded with
hemosiderin pigment and neovascularization components, HEx100
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Figure 1.9. Fibro-lipidic plaque-intraplaque hemorrhage,
neoangiogenesis, associated inflammatory infiltrate, HEx100
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Inflammation and necrosis of the atheromatous core, considered risk factors for plaque
vulnerability, were found in 17 and 13 lesions, respectively. Dystrophic calcification was
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present in 39 of the 49 ATS lesions. The plaques classified as vulnerable/stable by GSM and
according to histopathological criteria were compared assuming that a lower GSM will be
associated with histopathological plaque instability (table 1.5).

Table 1.5. GSM vs AHA plaque type - Cross tabulation

Histopathological type
TOTAL
Stabile Vulnerable
GSM>=37 26 10 36
GSM<37 9 4 13
TOTAL 35 14 49

Legend: GSM- gray scale median; AHA- American Heart Association

We found no direct correlation either between GSM (<=37 vs. >37) and type V or
type VI plaque (p = 0.838), or the presence of each histopathological instability marker,
namely ulceration (p = 0.73) and intraplague hemorrhage (p = 0.29). Also, no statistically
significant differences were found between GSM values and inflammation (p = 0.739).

GSM<37 strongly correlates independently with lipid-rich necrotic core, a
morphological risk factor for plaque vulnerability. Of the 49 carotid plaques 13 showed signs
of necrosis and 8 of these had GSM < 37 (p = 0.01).

1.1.4.4. Discussions

Although the histopathologic examination is the “gold standard” for identifying and
staging ATS lesions, this examination can be performed only postoperatively as confirmation
based on the morphological substrate. In this context, a constant concern of specialists in
vascular surgery is the implementation of alternative non-invasive diagnostic methods, which
to allow the identification of vulnerable carotid ATS lesions. The rapid development of
imaging techniques (Doppler ultrasound, carotid angiography, angio-CT, angio-MRI) has led
to real progress, facilitating the primary diagnosis and guiding the surgeon in making a
therapeutic decision. Duplex ultrasound is “the firs line” imaging method for carotid artery
(93). The Society of Radiologists recommended during the 2003 Ultrasound Consensus
Conference that the final carotid artery ultrasound report should include velocity
measurements, grayscale and color Doppler findings (129).

The relationship between echolucent plaque, plague instability and presence of
symptoms is proven (130). Echolucent plaques are more prone to rupture than dense fibrous
echogenic plaques and are more common in patients with symptomatic cerebrovascular
disease (131, 132).

Plaques with a higher GSM score are predominantly calcified plagues and are more
stable and associated with a lower rate of cerebrovascular events (96). The GSM median of
48 and also the maximum at 130 show that most of our study patients had echogenic plaques.
Also, in comparison with the results from other studies, our study showed higher median
GSM values (96, 98). This is a consequence of the incidental discovery of carotid stenosis and
that patients tend to present with more advanced disease or long after the symptomatic period
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(the first 6 months after an ischemic event). This fact is also confirmed by the predominant
presence of AHA type V plaques in our study group.

Accumulation of lipid-rich necrotic debris and smooth muscle cells are present in
advanced carotid plaques. Unstable plaques usually have a thin fibrous cap with a necrotic
core situated juxta luminal. Our study supports a prior finding that lower GSM values are
associated with lipid-rich necrotic core (133, 134). In presence of ulceration the necrotic core
is exposed, the ATS plaque is vulnerable, predisposing to thromboembolic events.

However, full overlap of diagnostic imaging classes with histopathologic diagnosis
classes has not been obtained, yet. Our study highlights the discrepancies between the
classification of the plaques into the unstable, vulnerable versus stable categories by using
ultrasound and histology, respectively. Our results demonstrate the limitation of ultrasound
imaging for the assessment of plaque vulnerability. Despite the great benefits of ultrasound
examination, as a non-invasive method, the vascular surgeon must be aware that GSM results
cannot offer a perfect, point to point mirror of the morphological background that
characterizes the plaques in their biological environment.

No carotid restenosis was detected during the first 12 months of ultrasound follow-up.
The patients are still under surveillance, the follow-up aiming to detect the possible
occurrence of restenosis at 24-year follow-up and to correlate the recurrence with GSM and
histological characteristics.

1.1.4.5. Conclusions

High-grade carotid stenosis, GSM higher than 37, and AHA type V carotid ATS
plaques predominantly identified in our study group show that patients tend to present with
more advanced disease. GSM < 37 strongly correlates with intraplaque necrosis, but in the
absence of other correlations with the histopathological vulnerable plaque characteristics it
leads to the conclusion that although ultrasound remains the best noninvasive method for
assessing the carotid ATS plaques, GSM measurement can be time-consuming with little
additional value in evaluating plaque vulnerability.

1.1.5. Complex ultrasound study of the atherosclerotic plaque

1.1.5.1. Introduction

Carotid surgery concept is wining ground both among neurologists who recommend
and vascular and cardiovascular surgeons who perform an increased number of interventions.
Regardless of the technique used (open surgery, stenting) we were interested in the tendency
of the plaque to grow and determine stenosis.

The prevalence of significant internal carotid artery (ICA) stenosis (more than 50%) is
0.5% among the age range 50 - 59 years, 10% in elderly over 80 years and 20% in patients
presenting lower limb peripheral arterial disease (103). Worldwide stroke is the third common
cause of death. The prevalence of stroke after a transient ischemic attack (TIA) is 7% per year
and the prevalence of stroke in an asymptomatic patient with a carotid stenosis larger than
80% is 3% per year (103).

The main cause of stroke is atheroembolism followed by the low blood flow through
the stenosis. The benefit from surgery in terms of stroke prevention in patients with
symptomatic 70 - 99% stenosis (NASCET criteria) is higher than the one obtained from
medical treatment (103).

The available level | evidence suggests that in symptomatic patients’ surgery is
currently the best option. The recommendation was based on a meta-analysis by The
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Cochrane Collaboration of eight randomized trials comparing carotid artery stenting with
carotid endarterectomy (104). Patients with recent symptomatic stenosis (70-99%) are at
highest risk of subsequent stroke. The efficacy of CEA falls with time (104).

Duplex ultrasound is the gold standard technique for carotid arteries evaluation.
Ultrasound (US) uses B-mode US imaging and Doppler US to detect focal increases in blood
flow velocity indicative of high-grade carotid stenosis. The peak systolic velocity is the most
frequently used to measure the severity of stenosis.

Color Doppler technique increases the efficiency of the test, but it has not been shown
to improve accuracy. US is 91-94% sensitive and 85-99% specific in detecting a significant
stenosis of the ICA (135-137).

Doppler US is also useful in obtaining information about plague composition.
Intraplaque hemorrhage, which may increase the risk of embolism and impact on prognosis,
can be visualized on high resolution B-mode (130, 135-139). The ratio of ICA peak systolic
velocity to the common carotid artery (CCA) velocity predicting a high-grade stenosis sets the
indication for surgery (140).

1.1.5.2. Materials and methods

The patients included in this study were selected based on the following criteria:
patients referred by neurology departments with a high probability of advanced ICA lesion,
patients with peripheral vascular disease already hospitalized in the vascular surgery
department screened positive for significant carotid or femoral stenotic lesions, patients with
arteriopathy hospitalized in cardiology and internal medicine departments diagnosed with
significant femoral artery stenosis. 98% of the patients were diagnosed and selected in the
Vascular Surgery Department. Before surgery all patients benefited from a new Doppler US
(performed on Siemens EchoDoppler XP 300 Premium - 2010). All patients gave their
informed consent for the study.

Two groups were formed: patients with stenotic ICA and patients presenting stenosis
at the femoral artery bifurcation. The inclusion criteria for the first group were: asymptomatic
ICA stenosis greater than 70%, history of TIA, history of minor stroke with self-sufficiency
and 50-95% ICA stenosis. The patients in the second group meet the following inclusion
criteria: arteriopathy stage Il and IV with atherosclerotic lesions at the femoral bifurcation,
regardless of the chosen surgical procedure.

The exclusion criteria were: autoimmune diseases, hypothyroidism, osteoporosis,
hepatic insufficiency (GOT higher than 2.5 Ul/ ), chronic kidney disease (creatinine above
2.0 mg / dl), ischemic heart disease class I1I, IV NYHA, atrial fibrillation and malignancies.

The comparison between these two groups started from the premise of the existence of
a similar pattern for ICA deep femoral artery (DFA) and external carotid artery (ECA) -
superficial femoral artery (SFA). Thus, the bifurcation of the CCA into the ICA and ECA
anatomically resembles the bifurcation of common femoral artery (CFA) into DFA and SFA
at each bifurcation there is an artery that will face increased resistance (ECA and SFA) and an
artery that faces low resistance in the periphery (the ICA and DFA). Because of this, plaques
at the two bifurcations are supposed to have a similar structure. Although clinically the
manifestations of obstruction/stenosis of the ICA are much more severe than in
obstruction/stenosis of DFA, the two models can be studied together in terms of atheromatous
plague progression.

US scans were performed on admission in all patients in both groups. B-mode settings
were adjusted and then saved to ensure uniformity throughout the study (figure 1.10). The
stenosis grade was measured both in transversal and longitudinal section (figures 1.11 and
1.12).
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Figure 1.12. Stenosis measurement on longitudinal section

Two reference points were used for normalization of B-mode images, blood (black),
and adventitia (white). Patients were examined supine with the neck-rotated 45 degrees to the
opposite side. A peripheral vascular transducer was used. The image was “frozen”, stored and
transferred to a computer in order to calculate the Gray Scale Median (GSM).

All images were normalized according to the method proposed by El-Atrozy et al.
eliminating sonographic gain-induced variability of echogenicity in which the entire image is
changed by a process of linear scaling to two reference points (blood and adventitia) with
computer software (Adobe Photoshop 7.0). The GSM of the blood was set to 0, and the GSM
of adventitia was set to 255. To determine the GSM for each stenotic plaque we acquired the
histogram (82, 97, 141-143) (figures 1.13 and 1.14).

COM FEMORAL A

Figure 1.13. Selected atheroma plaque and prenormalized histogram
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Figure 1.14. Selected atheroma plaque and normalized histogram

The results were used to compare the groups with one another and to draw
conclusions from each group. All patients underwent surgical interventions (endarterectomy
and angioplasty in the patients with carotid artery stenosis or femoral artery stenosis and
endarterectomy associated with bypasses in the patients with femoral artery stenosis) US was
performed postoperatively and as follow-up at 1, 3, 6, 9 and 12 months (figures 1.15 and 1.16).
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1.1.5.3. Results

From January 1, 2012 to December 31, 2012 we included in the study 70 consecutive
patients meeting all criteria, 35 patients in each group. Twelve patients with carotid lesions
showed ICA stenosis greater than 90% stenosis.

Patients with femoral lesions had CFA stenosis greater than 50% associating in 13
cases DFA stenosis greater than 70%. No statistically significant differences in demographic
characteristics, vascular risk factors or therapy were identified. Post-Hoc analysis (paired
analysis) comparing the femoral or carotid plaque area before and after the normalization
revealed the absence of statistical difference. The difference between prenormalization and
normalization GSM values in each group were statistically significant (tables 1.6 and 1.7).

Table 1.6. Post-Hoc GSM analysis (paired analysis)

Newman-Keuls test P value Statistics
prenormalized ICA vs. normalized ICA 0.014924 SS
prenormalized ICA vs. prenormalized DFA 0.142735 ns
normalized ICA vs. normalized DFA 0.036642 SS
prenormalized DFA vs. normalized DFA 0.001911 SS

Table legend: ICA- internal carotid artery; DFA- deep femoral artery; ss- statistically significant; ns-
non-significant.

Table 1.7. Post-Hoc aria analysis (paired analysis)

Newman-Keuls aria test P value Statistics
prenormalized ICA vs. normalized ICA 0.690022 ns
prenormalized ICA vs. prenormalized DFA 0.000028 SS
normalized ICA vs. normalized DFA 0.000036 SS
prenormalized DFA vs. normalized DFA 0.580894 ns

Table legend: ICA- internal carotid artery; DFA- deep femoral artery; ss- statistically significant; ns-
non-significant.
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The average carotid plague area was twice as big as the average femoral plaque area
(table 1.8).

Table 1.8. Statistical area values (mm) pre-normalized vs. normalized

Average
Avr SD SE Min Max Md
-95% +95%

pre-N | 2625.3 | 2136.1 | 3114.6 | 1424.3 | 240.7 | 615.9 | 5520.0 | 2322.2

ICA
N 2729.9 | 22354 | 3224.4 | 14395 | 243.3 | 671.5 | 5800.5 | 2747.7
pre-N | 1390.9 | 1196.4 | 1585.4 566.2 95.7 | 610.4 | 2487.9 | 1188.5

DFA
N 1535.6 | 1321.7 | 1749.6 622.9 | 105.3 | 456.7 | 2906.7 | 1422.9
All 2070.4 | 1862.3 | 2278.6 | 1245.7 | 105.3 | 456.7 | 5800.5 | 1875.8

Table legend: ICA- internal carotid artery; DFA- deep femoral artery; pre-N- pre-normalized; N- normalized;
Avr- average; SD- standard deviation; SE- standard error; Min- minimum; Max- maximum; Md- median.

Femoral plaque GSM values were higher in relation with hyperechogenity,
highlighting the intensely calcified structure. Unstable plaques were more heterogenic, with
higher transparency and lower GSM than stable plaques.

Carotid plaques average GSM was lower than the femoral one, meaning the carotid
plaques are less stable. Minimum-maxim differences reveal a high grade of heterogenity in
both groups (table 1.9). Patients showed no carotid or femoral restenosis during the 1, 3, 6 and
12 months of US follow-up. Patients remained under surveillance.

Table 1.9. Statistical GSM values [mm] pre-normalized versus normalized

Average
Avg SD SE Min Max Md

-95% +95%

pre- N 41.17 34.17 48.17 20.37 3.44 13 86 40

ICA
N 55.06 46.26 63.85 25.60 4.33 20 112 49
pre- N 48.49 4291 54.06 16.23 2.74 23 78 44

DFA
N 65.49 58.53 72.44 20.24 3.42 35 142 69
All 52.55 48.79 56.31 22.51 1.90 13 142 48

Table legend: ICA- internal carotid artery; DFA- deep femoral artery; pre-N- pre-normalized; N- normalized;
Avr- average; SD- standard deviation; SE- standard error; Min- minimum; Max- maximum; Md- median.
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1.1.5.4. Discussion and conclusions

Our study showed higher GSM values than those reported in the literature (105, 108).
This is a consequence of the patients’ tendency to present to the vascular surgeon in advanced
disease stages.

The correlation of a lower GSM with plaque instability needs to be proved. During the
US follow-up we aim at detecting the occurrence of restenosis.

Bifurcation plaques occurring in peripheral atherosclerotic disease are calcified and
determine chronic ischemic symptoms (intermittent claudications, rest pain), while carotid
bifurcation plaques are unstable and determine cerebral symptoms either by TIA or ischemic
stroke.

US remain the gold standard noninvasive technique both for screening and diagnosis
and set the therapeutic coordinates.

The GSM analysis is a new and versatile tool used to establish plaque characteristics
and to assess the risk for acute events.
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Chapter 2: Role of ultrasound examination for congenital heart abnormalities

1.2.1. State of art

The majority of congenital heart defects may be identified during pregnancy at the
second trimester examination. Due to the fact that most of them occur in low-risk pregnancies
and rely on the maternal obstetric provider to identify fetal cardiac abnormalities on obstetric
screening anatomic ultrasonography, prenatal detection rates continue to be very varied.

Referrals for fetal echocardiography examination should be made for fetuses with
abnormal findings on obstetric screening anatomic ultrasonography and/or risk factors for
heart illness. Specialized sonographers should do fetal echocardiogram, and doctors who are
familiar with the changing fetal cardiac anatomy and physiology during gestation should
interpret the results.

Fetuses with congenital heart defects or other types of primary or secondary cardiac
illness may be identified using a standardized and systematic method during a fetal
echocardiography test, which can be performed starting in the late first trimester. Because
fetal echocardiography allows for study of dynamic fetal heart physiology and evaluation of
prospective fetal/neonatal therapy, the science of fetal cardiology has gone beyond the
accurate prenatal diagnosis of simple and complicated congenital heart defects.

Fetal echocardiography still has the most effect in identifying serious CHD before
birth, allowing for rapid cardiac treatment after delivery to lower newborn morbidity and
death. Fetal cardiologists can prognose effects on the developing fetus, predict risk of
postnatal hemodynamic instability, direct delivery planning through multidisciplinary
collaboration, and foresee how the disease will affect the neonate after delivery by evaluating
the severity of abnormal cardiac physiology in various forms of heart defects before birth.

The second chapter describes multiple imaging approaches for evaluating patent
foramen ovale, as well as the role of 3-vessel-tracheal sections in screening for congenital
cardiac anomalies.

Personal contributions:

1. Floria M, Nafureanu ED, Iov DE, Dranga M, Popa RF, Baroi LG, Sascau RA,
Statescu C, Tanase DM. Multimodality imaging approach of patent foramen ovale:
Practical considerations for transient ischemic attack/stroke. J Clin Ultrasound.
2022 Oct;50(8):1166-1176. doi: 10.1002/jcu.23325. PMID: 36218207.

2. Gireada R, Socolov D, Mihalceanu E, Matasariu R, Ursache A, Akad M, Bujor I,
Scripcariu |, Popa RF, Socolov R. The Additional Role of the 3-Vessels and
Trachea View in Screening for Congenital Heart Disease. Medicina (Kaunas).
2022 Feb 10;58(2):262. doi: 10.3390/medicina58020262. PMID: 35208585;
PMCID: PMC8875090.

1.2.2. Multimodality imaging approach of patent foramen ovale: practical
considerations for transient ischemic attack/stroke

1.2.2.1. Introduction
According to TOAST criteria, 1 patent foramen ovale (PFO) is a low-risk potential

source of cardioembolic stroke, together with other interatrial septum anomalies such as atrial
septum aneurysm (ASA) and atrial septum defect (ASD) (144). A PFO is present in up to
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25% of the adult population and results from the incomplete fusion of the septum primum and
secundum after birth (145). It causes paradoxical embolisms via a right-to-left shunting and it
has an increased risk of stroke recurrence when associated with ASA, due to the nidus
properties of the saccular like structure of the aneurysm (146, 147).

Likewise, the presence of Eustachian valve facilitates blood flow direction from the
inferior vena cava toward the PFO, increasing the risk for stroke (145, 146). A tricuspid
regurgitation flow directed to atrial septum may also result in a right-to-left shunt, favoring
the passage of thrombi from the right to the left atrium. Besides stroke, the presence of PFO is
associated with other clinical syndromes, the most known being migraine headaches and
platypnea-orthodeoxia (145, 148).

There is no gold standard technique for assessing PFO and diagnosis is established
based on multimodality imaging, with echocardiography being the most frequently used. The
use of agitated saline as contrast when performing transthoracic (TTE) and transesophageal
echocardiography (TTE) increases the sensitivity and sensibility of these methods by
establishing right to left shunting (145, 149, 150).

According to TOAST criteria, 1 patent foramen ovale (PFO) is a low risk potential
source of cardioembolic stroke, together with other interatrial septum anomalies such as atrial
septum aneurysm (ASA) and atrial septum defect (ASD) (146). A PFO is present in up to
25% of the adult population and results from the incomplete fusion of the septum primum and
secundum after birth (145). It causes paradoxical embolisms via a right-to-left shunting and it
has an increased risk of stroke recurrence when associated with ASA, due to the nidus
properties of the saccular like structure of the aneurysm (146, 147).

Likewise, the presence of Eustachian valve facilitates blood flow direction from the
inferior vena cava toward the PFO, increasing the risk for stroke (145, 146). A tricuspid
regurgitation flow directed to atrial septum may also result in a right-to-left shunt, favoring
the passage of thrombi from the right to the left atrium. Besides stroke, the presence of PFO is
associated with other clinical syndromes, the most known being migraine headaches and
platypnea-orthodeoxia (145, 148).

There is no gold standard technique for assessing PFO and diagnosis is established
based on multimodality imaging, with echocardiography. This paper aims to represent a
practical guide for PFO multimodality imaging assessment in the setting of transient ischemic
attack/stroke.

1.2.2.2. The embryology of patent foramen ovale

In order to achieve a better understanding of the difference between PFO and ASD, a
few notions of the embryology of PFO should be understood. During fetal evolution,
septation is the process that defines the development of the single chamber cardiac tubule into
the known form of the four-chamber heart (Figure 11.1). This process takes place between the
fourth and seventh week of gestation, and is initiated by the development of septum primum
from the roof of the primitive atrium (151-153).
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Figure I1.1. Atrial septation. (A) septum primum growth toward endocardial cushions with the
foramen primum between them; (B) fenestrated septum primum in the upper part; (C) fusion of
septum primum with the endocardial cushions, closure of foramen primum and ful development of the
foramen secundum; (D) start of development of the septum secundum on the right of septum primum;
(E) growth of septum secundum toward septum secundum; (F) lack of fusion between septum primum
and septum secundum, with foramen ovale between them. EC, endocardial cushions; FO, foramen
ovale; FP, foramen primum; FS, foramen secundum; SP, septum primum; SS, septum secundum.
Adapted after Jensen et al. (154)

Septum primum grows into a caudal manner toward the endocardial cushions. In the
embryonic and fetal heart, a communication between the right and left part is necessary in
order to allow blood coming from the placenta elude the pulmonary circulation of the fetus
and enter into the systemic circulation (151, 154, 155). This is the reason why initially a free
space remains between the inferior edge of the septum primum and the endocardial cushions,
known as foramen primum.

Foramen primum closes by the end of the sixth week due to the full growth and fusion
of septum primum with the endocardial cushions at the atrioventricular level, but this process
happens simultaneously with the formation of a new opening, known as foramen secundum,
in the superior part of the septum primum by its localized fragmentation (151-153).

Throughout the seventh week, the septum secundum appears at the right of the septum
primum from an invagination of the atrial roof toward the atrioventricular junction. 8 Septum
secundum obliterates the foramen secundum, but due to the lack of fusion with the
endocardial cushions at its inferior edge, an opening remains.

This further forms an oblique orifice with the foramen secundum, which is known as
the foramen ovale (152). The inferior part of the septum primum now acts as a flap valve for
the foramen ovale, allowing the blood to flow only from the right toward the left cavities
(152). At birth and soon after, due to respiration which causes inflation of the lungs, allows
the pulmonary circulation to become functional and the left side pressure to increase, the
foramen ovale closes by the permanent contact of the septum primum and septum secundum.
This transforms foramen ovale into the fossa ovalis (153, 155).
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1.2.2.3. Multimodality imaging of patent foramen ovale diagnosis

A PFO is not an ASD per se because it occurs as a consequence of the imperfect
fusion of the septum primum and secundum and not due to loss of atrial septal tissue (145).
Normally, given the higher pressures on the left side, the shunting through PFO is left to
right; however, in situations with increased pressures in the right atrium or when other
associated conditions are present (Table 11.1), the foramen ovale opens in a transient or
permanent manner, associating a right to left shunt (145). Due to its particular position within
the interatrial septum and given the fact that expert consensuses on the subject did not
establish a gold standard imaging technigue, the diagnosis and evaluation of consequences of
PFO are made using a rather patient, skilled and availability-based approach in which
multiple tools can be used.

Table 11.1. Conditions associated with PFO and right to left
Pulmonary hypertension (chronic or acute)

Sleep apnea syndrome

Right atrium dilation and remodeling

Valsalva maneuver

Interatrial septum aneurysm

Chiari network

Eustachian valve

The three pillars of PFO imaging assessment of are the various types of echography
using contrast agents: contrast transcranial Doppler (c-TCD), contrast transthoracic
echocardiography (c-TTE) and contrast transesophageal echocardiography (c-TEE), each with
its own advantages, drawbacks and various specificity and sensibility percentages reported in
studies (145, 149).

1.2.2.4. Transthoracic echocardiography

Transthoracic echocardiography is the first method which may rise clinical suspicion
and could diagnose and evaluate the consequences of PFO; it also has the added benefit of
being the most widely available imaging tool (149, 156). Diagnosis in TTE can be made
based on imaging of the left to right or right to left shunting by using color Doppler or
agitated saline contrast. The first view that allows to evaluate the integrity of the interatrial
septum and PFO is the short parasternal axis, but without the possibility of correct assessment
due to the parallel orientation of the ultrasound beam to the interatrial septum. In this regard,
the preferred windows and views are those in which the ultrasound beam falls perpendicularly
to the interatrial septum, such as the subcostal four-chamber view (Figure 11.2A) and short
axis view 3 (Figure 11.2B).
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Figure 11.2. Transthoracic echocardiography: (A) subcostal four chamber view, showing left to
right shunt in color Doppler through a patent foramen ovale; (B) parasternal short axis view showing
atrial septum aneurysm. Ao, aorta; IAS, interatrial septum; LA, left atrium; RA, right atrium

Bidimensional imaging in either window allows for an evaluation of the causes,
consequences or anatomic variations associated with PFO. Apical four-chamber view should
be used in order to measure an ASA (Figure 11.3), evaluate the presence of Chiari network or
thrombi, estimate atrial enlargement by measuring atrial volumes and assess the tricuspid
gradient and the shunt by using an agitated saline contrast. The presence of some anatomic
variations (Chiari network, ASA, presence of Eustachian valve and a lipomatous interatrial
septum) classifies PFO as complex and should be carefully searched, especially when a
patient with PFO is addressed for closure, as it can interfere with the procedure (157).

Figure 11.3. Transthoracic echocardiography in apical four chamber view showing atrial septal
aneurysm with left to right displacement. ASA, atrial septum aneurysm; LA, left atrium; LV, left
ventricle; RA, right atrium; RV, right ventricle

When it comes to hemodynamic consequences of PFO with left to right shunting, one
must be aware that due to its dimensions, it does not cause significant overload of the right
cavities and other septal defects must be searched. In this situation, pulmonary to systemic
flow ratio (Qp/Qs) and right ventricular dimensions and function assessments are mandatory.
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Usually, a PFO does not modify the dimensions of the right atrium and ventricle by induced
hemodynamic changes.

It is possible that in apical four chamber or subcostal view, the flow in color Doppler
sometimes overlaps with that of the superior vena cava. Therefore, in this situation, the color
Doppler sample should be greatly reduced to avoid overlapping.

1.2.2.5. Transesophageal echocardiography

Although currently there is a lack of a gold standard technique for PFO diagnosis,
some authors and practitioners consider TEE the optimal tool as it offers more detailed
information regarding the integrity of the interatrial septum and nearby structures. It allows
differentiation between PFO and other types of atrial septal defects, especially in situations in
which TTE does not provide sufficient information. The current guidelines for assessment of
ASD and PFO from the American Society of Echocardiography and the European position
paper on the management of patients with PFO stipulate that TEE should be used in patients
who have a poor acoustic window when evaluated through TTE and in selecting and guiding
transcatheter occlusion (145, 149).

A specific protocol must be followed when evaluating a PFO in TEE. 16 Five views
are ideal for evaluation of the interatrial septum (Figure 11.4): four midesophageal views (four
chamber—Figure 11.4B, long axis—Figure 11.4D, aortic valve short axis—Figure 11.4C, and
bicaval—Figure 11.4E) and one obtained from the upper esophagus (short axis—Figure 11.4A)
(145, 158, 159). Because of the foramen ovale's particular tunnel-like form within the
interatrial septum, measurements of its total length and maximal size at the left and right atrial
ends should be made whenever possible. Due to the fact that TEE is used in selecting patients
which are candidates for PFO closure, an evaluation of PFO's distance to venae cavae must be
performed (145, 158).

(A) Upper esophagus short axis view (B) Mid esophageal four chamber view (C) Mid esophageal aortic valve short axis view
k- LA a '

58
7:234 HR
(D) Mid esophageal long axis view 09:31: ‘(H Mid esophageal bicaval view

9:21:21
LA - I 5 UPPER ESOPHAGUS VIEWS
o AR v + short axis

MID ESOPHAGEAL VIEWS
+  four chamber
+ long axis
* bicaval
+ aortic valve short axis

‘i{ 71168 );F‘ " \ * — 53 HR
Figure 11.4. The views for interatrial septum evaluation in transesophageal echocardiography:
(A) Upper esophagus short axis view; (B) Mid esophageal four chamber view; (C) Mid esophageal
aortic valve short axis view; (D) Mid esophageal long axis view (lipomatous hypertrophy of the
interatrial septum); (E) Mid esophageal bicaval view (lipomatous hypertrophy of the interatrial
septum). Ao, aorta; IAS, interatrial septum; LA, left atrium; LV, left ventricle; RA, right atrium; RV,
right ventricle
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Left to right shunting (or right to left shunting under Valsalva maneuver or specific
conditions) through a PFO is evaluated in the same manner as with TEE, using color Doppler
(Figure 11.5A and 11.5B) and agitated saline contrast (145).

PFO with left to right shunt PFO with light to left shunt provoked
by an eccentric tricuspid regurgitation

Figure 11.5. Transesophageal echocardioaphy mid esophageal long axis view i color
Doppler showing a patent foramen ovale with left to right shunting (A) and right to left shunting (B)
facilitated by a regurgitant tricuspid flow (favorized by a ventricular pacemaker lead) directed toward

the IAS. IAS, interatrial septum; LA, left atrium; PFO, patent foramen ovale; RA, right atrium; TR,
tricuspid regurgitation

Regarding the ASA, this anatomic anomaly is defined as the movement of the
interatrial septum of at least 10 mm into the left or right atrium from the plane or a combined
left and right movement of 15 mm (Figure 11.6) (145).

Figure 11.6. Transesophageal echocardiography: excursion of the interatrial septum in M mode

The excursion of the interatrial septum in ASA could be assessed either in TTE or in
TEE. ASA is present in about 4% 18 of cases of PFO and is associated with a high risk of
paradoxical embolism due to the fact that the aneurysmal portion is a zone of capture for
thrombi (146). Likewise, the presence of the Eustachian valve is associated with a higher risk
of paradoxical embolism. This structure is a remnant of the inferior vena cava's valve present
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in the embryo and fetus, whose role is to direct blood flow from the inferior vena cava toward
the foramen ovale. A prominent Eustachian valve can cause a PFO because it comes into
contact with the septum primum and blocks the fusion to the septum secundum.

Transesophageal echocardiography performed in experienced centers is a safe and
easy procedure. However, overall complication rate during diagnostic and intraoperative TEE
is 0.18%-2.8%. The absolute contraindications for TEE are perforated viscus, stricture,
tumor, perforation, laceration or diverticulum of the esophagus and active upper
gastrointestinal bleeding, while conditions such as a history of radiation to the neck and
mediastinum, a history of gastrointestinal surgery, recent upper gastrointestinal bleed,
Barrett's esophagus, a history of dysphagia, restriction of neck mobility (severe cervical
arthritis, atlantoaxial joint disease), symptomatic hiatal hernia, esophageal varices,
coagulopathy, thrombocytopenia, active esophagitis or active peptic ulcer disease constitute
relative contraindications (160).

1.2.2.6. Agitated saline contrast echocardiography

Use of agitated saline while performing TTE (Figure 11.7A) or TEE (Figure 11.7B) is
an inexpensive, ready to use method of assessing the right to left shunting in PFO. Agitated
saline can also be used in assessing the right to left shunting when combined with transcranial
Doppler (c-TCD).

Figure 11.7. Contrast echocardiography with microbubbles shows the presence of patent
foramen ovale. (A) transthoracic echocardiography in apical four chamber view, showing right to left
shunting through a patent foramen ovale during Valsava maneuver. (B) transesophageal
echocardiography in mid esophageal short axis aorta view. Ao, aorta; ASA, atrial septum aneurysm;
LA, left atrium; LV, left ventricle; PFO, patent foramen ovale; RA, right atrium; RV, right ventricle

Older studies comparing contrast transthoracic echocardiography using agitated saline
to the other two contrast enhanced techniques concluded that c-TTE is the least useful
diagnostic tool (161); however, more recent studies gave c-TTE the credibility of being a
specific and sensitive mean for PFO diagnosis. This is probably mostly due to the fact that it
is the first method used in the diagnostic algorithm for causes of stroke and its wide
availability. Another reason could reside in the fact that performing a Valsalva maneuver
during transesophageal echocardiography is more difficult (162, 163).

The technique (Table I1.2, Figure 11.8) which uses 80% saline, 10% air, and 10%
patient's blood as the solution to be injected is preferred because studies have shown better
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contrast intensity due to higher concentrations of microbubbles with added blood (164, 165).
After injection of the solution in an arm vein, it is expected to see microbubbles in the right
atrium. When performing this test, the inclusion of a well-trained nurse in the team is
mandatory, in order to allow the imagist to correctly assess the presence of the PFO and the

shunt.

Figure 11.8A and B. Agitated saline contrast technique (please see Table 11.2 for details)

Table 11.2. Materials needed and the technigue of making microbubbles in six steps

Materials needed

Microbubbles protocol with technique details

* 2 syringes of 10 ml

« intravenous catheter

* 3-way stopcock

* 8 ml saline

* 1 ml of patient's blood

1. Place an intravenous catheter into an
antecubital vein

« attach a 3-way stopcock to it
* please take sure that stopcock is very well
screwed (to avoid syringes detaching during test)

2. Agitated saline preparation
* mix it in a 10 ml syringe with 8§ ml saline
and 1 ml air

« take 1 ml of patient's blood

3. Place the two syringes (the empty and the
filled one) in the free orifices of the stopcock

« close de orifice that connects the stopcock to
the catheter

4. Start making microbubbles

* move very fast the plungers back and forth
for 10 s so the mixture will pass from a syringe to
another

* microbubbles must be visible in the syringes

5. Push the mixture into the vein
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e in order to do that, close de orifice
connecting to the empty syringe and open the ones
connecting the intravenous catheter to the filled
syringe

* microbubbles must be injected in bolus
(very rapidly)

6. Repeat twice agitated saline test

« for better recognition of a positive test and
for reproducibility

When a right to left shunt is present, microbubbles will be seen entering the left atrium
through the interatrial septum when performing a Valsalva maneuver (Figure 11.9). As a rule
of thumb, in order to establish a diagnosis of right to left shunting caused by a PFO,
microbubbles should appear in the left atrium within three cardiac cycles. If microbubbles
appear in the left atrium after more than three cardiac cycles, then the shunt is located
intrapulmonary, with microbubbles entering the left atrium via the pulmonary veins (166).
This is why when performing this test using transthoracic echocardiography, a subcostal four
chamber view should be used in order to observe the passage of microbubbles from the right
to left atrium via the interatrial septum.

Figure 11.9. Agitated saline contrast when performing c-TEE. (A) before Valsalva (no
microbubbles seen in the LA). (B) after Valsalva (microbubbles seen in LA). IAS, interatrial septum;
LA, left atrium; PFO, patent foramen ovale; RA, right atrium

When the subcostal window does not offer a clear image, an apical four chamber view
must be used (Figure 11.10) (167).
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Figure 11.10. Agitated saline TTE with microbubbles passing from right to left atrium in (A)
apical four chamber view, (B) subcostal four chamber view. LA, left atrium; LV, left ventricle; RA,
right atrium; RV, right ventricle. Adapted after Montrief et al. (168)

If this test is performed by TEE, the best views for the assessment of the right to left
shunting are mid-esophageal bicaval and aortic short axis view (Figure 11.11)

Figure 11.11. Agitated saline TEE with microbubbles passing from right to left atrium in (A)
midesophageal bicaval view and (B) midesophageal short axis aortic valve level view. AV, aortic
valve; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; MPA, main pulmonary artery; RA,
right atrium; RV, right ventricle; RVOT, right ventricle outflow tract; SVC, superior vena cava.
Adapted after Montrief et al. (168)

Agitated saline contrast echocardiography can allow a semiquantitative assessment of
the right to left shunting based on the number of microbubbles seen in the left atrium. There is
no standard classification of grades of right to left shunting, but most practitioners classify
right to left shunting in three to five grades (table 11.3) (169-171).
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Table 11.3. Severity grades of right to left shunt when assessed with agitated saline contrast

Author Grade Severity
Gonzalez-Alujas et al. Mild: < 10 microbubbles
(162) 3 grades Moderate: 10-20 microbubbles

Severe: > 20 microbubbles

0: no microbubbles seen
1: <10 bubble
Vitarelli et al. (169) 4 grades 2: > 10 microbubbles
3: 25% opacification of left
atrium

1: <5 microbubbles
2: 5-25 microbubbles
3: > 25 microbubbles

4: chamber opacification

Ranaetal. (170) 4 grades

0: no microbubbles
1: 1-5 microbubbles
Leeetal. (171) 5 grades 2: 6-20 microbubbles
3:21-50 microbubbles
4: > 50 microbubbles

An agitated saline contrast echocardiography does not lack false positive or false
negative results. Various situations (Table 11.4) can erroneously establish a diagnosis of PFO
or, in contrast, may lead to missing it (171).

Table 11.4. Situations that can result in a false negative or false positive agitated saline contrast
echocardiography

False positive False negative

Intrapulmonary shunts Inadequate Valsalva maneuver
Unidentified ASDs IVC flow creating a” wash out” effect
Sinus venosus septal defects LV diastolic dysfunction

Poor acoustic image Poor acoustic image

Sometimes inferior vena cava flow is directed toward the interatrial septum (Figure
11.12), in some cases favored by the presence of Eustachian valve, thus leading to the opening
of the foramen ovale. When the procedure is performed by injecting agitated saline into an
arm vein, this may cause a subsequent “wash-out” effect of the contrast coming from the
superior vena cava.
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Figure 11.12. Transesophageal echocardiography in midesophageal short axis view showing
flow from IVC creating a “washout” effect of the saline contrast. IAS, interatrial septum; IVC, inferior
vena cava; LA, left atrium; PFO, patent foramen ovale

1.2.2.7. Other imaging modalities

Several other techniques can be used in order to assess PFO, its associated anatomic
variations and the resulting shunting, but some of them are less frequently used due to lower
availability, high cost or lack of experience in performing and using them.

Contrast enhanced transcranial Doppler (c-TCD) uses the same principle as contrast
echocardiography. It is performed by neurologists or radiologists following an established
protocol that uses agitated saline as contrast and evaluates the appearance of microbubbles in
the middle cerebral artery (172).

Thus, it establishes the presence of right to left shunting and rises a clinical suspicion
of PFO in patients with paradoxical embolism. Results of studies comparing c-TCD to c-TTE
and c-TEE are very non-homogeneous in terms of sensitivity and specificity, with older
studies noting higher values in assessing right to left shunting. In spite of these findings, the
major drawback of this method is its inability to establish the intra- or extracardiac nature of
the shunt.2

Intracardiac echocardiography (ICE) and 3D echocardiography (3D-E) are two newer
techniques used in guiding PFO closure because of their ability to assess the anatomy of the
PFO and surrounding structures in great detail (173, 174).

Cardiac computed tomography (CCT) is less frequently used because of its inferiority
to echocardiography. It can be performed with or without electrocardiography gating. It
provides accurate anatomic descriptions of the interatrial septum and can raise suspicion of a
PFO, but cannot clearly diagnose it. One major disadvantage is the fact that even in cases in
which contrast agents are used, Valsalva maneuvers cannot be performed during image
acquisition (175).

Cardiac magnetic resonance (CMR) has the advantage of a better estimation of right
and left ventricular function by calculating volumes, but it is inferior to TEE when it comes to
assessing shunting through a PFO, therefore its clinical use is limited (176).
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Each imaging method has its advantages and disadvantages (Table 11.5) and, in order

to use the most suitable technique, a clinical rationale must be followed.

Table 11.5. Advantages and disadvantages of imaging studies for the evaluation of PFO

Imaging modality Advantages Disadvantages
Accessible Poor image quality in some
Repeatable cases
TTE/c-TTE Non-invasive Need for an accredited
Low costs cardiologist/imagist
Better image quality Semi-invasive (a small risk of
Semi-invasive esophageal injury)
TEE/c-TEE Low costs Need for a specialized
cardiologist/imagist
Accessible Cannot establish the origin of
o-TCD Repegtablg shunt: int_racardiac versus
Non-invasive extracardiac
Low costs
Limited personnel (can be Invasive: risk of arrhythmia and
performed by the vascular injury
ICE interventionist) Expensive when performed
Limits exposure to radiation with single use catheter
Needs a specialized practitioner
Assessment of other associated | Impossibility to perform
cardiac/ vascular disorders Valsalva maneuver due to
image acquisition protocol
CCT Radiation and contrast agent
exposure
Expensive
Less accessible
Assessment of other associated | Inferior to echocardiography in
cardiac/ vascular disorders shunt assessment
CMR Expensive

Less accessible

Therefore, to summarize the multimodality imaging techniques for PFO diagnosis and
management we propose the following flowchart (Figure 11.13). As c-TCD is performed by
neurologists and, moreover, it cannot indicate the origin of shunt (intracardiac or extracardiac)
we therefore propose this flowchart from the cardiologist point of view.
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Symptoms
sugesting PFO

Other
structural Need for
disease closure
suspected

Figure 11.13. Multimodality iaging techiques flowchart for PFO diagnosis and management

1.2.2.8. Indications for patent foramen ovale closure and periprocedural guidance

At the present moment, PFO closure is not standardized and the assembling of a
multidisciplinary team is encouraged in order to make a therapeutic decision. 34 What is
clearly stated in current guidelines (177) is the contraindication of performing closure as a
primary prophylaxis method for stroke in patients with PFO.

Based on current literature data, PFO closure for the secondary prevention of stroke is
made by a multidisciplinary team based on a multiple variable-based approach, including type
of PFO (simple, complex) and age (usually between 18 and 60 years old), in patients with
cryptogenic stroke, transient ischemic attack or other type of systemic embolism in whom the
PFO is the certain the cause (177). In this regard, the RoPE score (risk of paradoxical
embolism) has been proposed for estimating the probability that PFO is the causal agent of
the stroke and guiding further therapy (178).

In patients who are candidates for PFO closure, a double-disc device could be
implanted percutaneously, under TEE and/or fluoroscopic guidance. It is recommended that
TEE be used to guide the closure because of better assessment of correct position and residual
shunts by color Doppler and contrast. In addition to that, it has the added benefit of
minimizing the radiation that is normally used when guidance is obtained based on
fluoroscopy only (179).

It is essential that the device position is verified, focusing on a few key aspects: (1) the
discs should be parallel to each other on eachside of the interatrial septum; (2) the rims and
edges of the device should be securely fixed; (3) the occluder should not come in contact with
other structures (such as the aorta, for example). For better image acquisition and guidance,
3D-TEE can be used (Figure 11.14).
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Figure 11.14. 3D Transesophageal echocardiography images from PFO device closure
guidance during positioning step

In spite of the fact that it is more invasive, as the probe is inserted via the right femoral
vein into the right atrium under fluoroscopic guidance, intracardiac echocardiography is an
excellent tool due to the proximity of the probe to the IAS and lower radiation exposure. In
addition to that, it has the added advantage of requiring less personnel, because it can be
performed by the same person who performs the closure and does not require an
anesthesiologist due to lack of sedation (180).

Moreover, only two views are necessary for PFO closure (long and short atrial septal
axis) (179). ICE with agitated saline contrast can also be used in order to evaluate the
presence of right to left shunting, either for first assessment or in evaluating a residual shunt.
However, ICE probes are expensive and therefore less accessible (174).

Another possibility for PFO closure is using a suture-mediated device. During this
procedure, two sutures are done—the first on septum secundum and the subsequent one on
septum primum—which are then tightened together by a small plastic knot (181). After
closure, follow-up is carried out by TTE in apical and subcostal four chamber views (181).

1.2.2.9. Specific considerations for clinical practice

Based on the aforementioned facts, in clinical practice a few checkpoints should be
followed in order to improve diagnosis and management of PFO closure.

* In order to correctly assess anatomic structures and shunts, evaluation of PFO should
be centered on contrast enhanced echocardiography, either transthoracic or transesophageal,
completed in selected cases by other multimodality imaging techniques.

 Based on the principle of the “heart team,” the decision for PFO closure should be
made by a multidisciplinary cardio-neurology team; in order to accurately select cases that
should be undergo this procedure, other specialists may be consulted depending on case
complexity.

* Follow-up should be made by TTE.

« After closure, life-long antiplatelet therapy is mandatory in patients with a history of
cryptogenic stroke or TIA, except for cases where anticoagulation must be used.
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1.2.3. The additional role of the 3-vessels and trachea view in screening for congenital
heart disease

1.2.3.1. Introduction

Congenital heart disease (CHD) affects 0.8% of the population, while the incidence of
severe CHD goes up to 0.2% (182). Prenatal detection of CHD is crucial for planning delivery
in cases that need immediate surgical treatment, and it helps parents decide the course of the
pregnancy, especially when genetic testing is involved (183, 184).

Routine anatomy scans must follow the local/international guidelines, but there are
great disparities between sonographers, from the allotted scan time to the anatomy checklist.
The International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) and the
American Institute of Ultrasound in Medicine (AIUM) favor the sweep technique from the
upper abdomen to the upper mediastinum, adding Color Doppler if possible (185, 186).
However, the mandatory routine scan includes only situs, the 4-chamber view (4C), alongside
the left and right ventricular outflow tracts (LVOT and RVOT) (185, 186). Although outflow
tract inclusion increased prenatal CHD detection rate, this remains suboptimal and varies
considerably according to the number of cardiac views (187).

The 3-vessels and trachea view (3VT) was introduced by Yagel as a complementary
cardiac view to easily assess the aortic arch anomalies (188). The 3VT is the most cephalad
cardiac transverse view, demonstrating the convergence of the aortic arch with the ductus
arteriosus (DA), which communicates with the pulmonary artery at its bifurcation, near the
origin of the left pulmonary artery (188). In the same plane, the trachea and the superior right
vena cava can be seen at the right side of the transverse aorta (188).

Several anatomic landmarks can be assessed using 3VT: vessel number, alignment,
arrangement, and size; trachea sidedness; and thymus size. A subjective caliber comparison
between the transverse aorta and the pulmonary artery (especially toward their convergence)
is sufficient to raise suspicion of an outflow tract anomaly, like aortic coarctation or
pulmonary stenosis. By adding Color Doppler, we can evaluate the flow through the
transverse aortic arch and the pulmonary artery/DA and, moving slightly more cephalad, we
can demonstrate the normal course of the right subclavian artery and of the left
brachiocephalic vein (LVBC) (188).

Although the 3VT view is deemed ‘desirable if technically feasible’ by both the
ISUOG and AIUM screening guidelines (185, 186), especially due to its utility in detecting
outflow tract anomalies (189-191), it is mandatory only in diagnostic echocardiography (192,
193). Hopefully, recommendations will change with future guideline revisions. The ISUOG
guidelines were the screening reference in Romania, but national guidelines were adopted in
2019 for the 1st trimester (levocardia, situs solitus +/— 4C, and 3VT Color Doppler) and 2nd
trimester (situs solitus, levocardia, 4C, LVOT, RVOT +/— 3 vessels, 3VT, and Color
Doppler), and in 2020 for the 3rd trimester (4C, 3VT +/— Color Doppler) (194, 195).

This study aims to evaluate the additional role of 3VT in detecting CHD in an
unselected Romanian population, with or without the use of Color Doppler, with an emphasis
on CHD that could require immediate care after birth.

1.2.3.2. Materials and methods

This is a retrospective study conducted on unselected consecutive pregnant patients
presenting at 11-37 weeks of gestation for a routine fetal anomaly scan in a private setting
between 2019-2021. A total of 1608 fetuses were scanned (Figure 11.15). We included only
pregnancies with a known outcome that were scanned in their 2nd and/or 3rd trimester and
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pregnancies that were scanned only in the 1st trimester due to early termination for fetal
anomaly.

Unselected consecutive pregnant patients presenting Pregnancy outcome:

for routine fetal anomaly scan at 11-37w (n = 1596) TOP (n=12)
DCDA (n=9) > IUFD (n=10)
MCDA (n=3) Live birth (n=1596)

Screened fetuses (n=1608)

Major CHD outcome:
Extended cardiac scan protocol TOF (n=1)
Prenatally diagnosed CHD! (n = 46/1608) MNeonatal death (n=1)
Major CHD? (n=14/1603) Neonatal intervention (n=>35)
Followup (n=7)

hd

Fetal echocardiographv only:
If_ confirmation not fea?ble by autopsv in 1= Postnatal CHD diagnosis in the non-
trimester TOP cases (n = 3) CHD babies (n = 0)
If confirmation not feasible by TTE (n=24) >
TTE (n=15) Postnatal additional findings in the
Autopsy (n=1) CHD babies (n =4)
Neonatal examination® + followup 1 month for all
non-CHD

Missed major CHD:
Bv gravyscale 4C (8/14)
Bv grayscale 3VT (3/14)
Bv grayscale 4C + 3VT (0/14)

Figure 11.15. Flowchart clarifying the selection of study population. *- Excluded CHD: cardiac
rhythm disorders, persistent right umbilical vein, and umbilical vein varix. > Hygroma-associated
CHD with early TOP was excluded from major CHD definition (n = 3). 3 General physical exam,
heart auscultation, and preductal and postductal pulse oximetry. CHD, congenital heart disease; DC
DA, dichorionic diamniotic twins; MC DA, monochorionic diamniotic twins; TOP, termination of
pregnancy; IUFD, intrauterine fetal demise; TTE, transthoracic echocardiography; 4C, four chamber
view; and 3VT, 3-vessels and trachea view

We collected data about demographics, ultrasound findings, prenatal genetic testing,
and pregnancy outcome, by searching through the databases of the private clinics offering
routine anomaly scans and of the hospitals where these patients gave birth, or by contacting
patients via telephone or e-mail. We selected all cardiac/vascular anomalies detected by our
scanning protocol, except for cardiac rhythm disorders, persistent right umbilical vein, and
umbilical vein varix.

The scans were performed transabdominally and transvaginally by three specifically
trained sonographers, using a Voluson E8, S10 or E10 ultrasound machine (GE Healthcare,
Milwaukee, WI, USA), RAB6-D/RAB6-RS/RAB7-C abdominal convex probe, 2-8 MHz, or
a vaginal IC9-RS 3.6-10 MHz probe. The preferred gestational age for scanning was 11-13
+6 weeks, 20-24 weeks, and 30—34 weeks.

In the 1st trimester, cardiac examination included situs, Color Doppler of the 4C and
3VT; the mandatory list also included the head (cranial vault, midline, cerebral ventricles,
posterior fossa, facial profile with nasal bone, orbits with lenses, retronasal triangle, and
mandibular gap), lungs, abdomen (diaphragm, stomach, kidneys, bladder, and abdominal
wall), spine, limbs, and cord vessel number.
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In the 2nd and 3rd trimesters, an extended cardiac protocol was followed using
grayscale and Color Doppler, sweeping from abdominal situs to 4C (including Color Doppler
examination of the atrioventricular septum in a horizontal orientation), left and right outflow
tract, great vessels crossing, and 3VT (grayscale and Color Doppler, including a horizontal
approach to further evaluate the supraaortic region for the course of the right subclavian artery
and LVBC); aortic arch view, and bicaval view including identification of ductus venosus
(DV). The routine anatomic survey for the 2nd and 3rd trimester also included the following
elements: head (cranial vault, midline, cerebral ventricles, posterior fossa, corpus callosum,
facial profile with nasal bone, orbits with lenses, lips, and nostrils), lungs, abdomen
(diaphragm, stomach, gallbladder, intestine, kidneys, bladder, and abdominal wall), external
genital organs, spine with cord insertion, limbs, and cord vessel number (the limbs and the
abdominal wall were not mandatory in the 3rd trimester).

The allotted time for each patient was 45 min (75-90 min for twins), including history
taking. The entire fetal anomaly scan lasted on average 35 min, while the cardiac examination
itself took on average 10 min. Whenever protocol completion was not feasible due to
inappropriate technical conditions, the patient was later rescanned. Upon fetal anomaly
detection, a diagnostic ultrasound was performed by a fetal medicine specialist. Referral to a
fetal cardiologist was made for all critical or ductal-dependent CHD, most likely requiring
cardiac intervention shortly after birth, except for patients that opted for termination of
pregnancy (TOP) after a 1st trimester diagnosis (in these cases, there was hygroma with
multiple associated malformations).

The allotted time for each patient was 45 min (75-90 min for twins), including history
taking. The entire fetal anomaly scan lasted on average 35 min, while the cardiac examination
itself took on average 10 min. Whenever protocol completion was not feasible due to
inappropriate technical conditions, the patient was later rescanned. Upon fetal anomaly
detection, a diagnostic ultrasound was performed by a fetal medicine specialist. Referral to a
fetal cardiologist was made for all critical or ductal-dependent CHD, most likely requiring
cardiac intervention shortly after birth, except for patients that opted for termination of
pregnancy (TOP) after a 1st trimester diagnosis (in these cases, there was hygroma with
multiple associated malformations).

The 1st trimester TOP CHD cases were confirmed only by transvaginal ultrasound
performed by a fetal medicine specialist. All 2nd trimester TOP CHD were confirmed by
autopsy. All live-born babies (1596) were examined by the neonatologist in the first 3 days of
life (general physical exam, heart auscultation, and preductal and postductal pulse oximetry).
All children were followed up postnatally for 1 month.

All live-born babies with a prenatal CHD diagnosis underwent a transthoracic
echocardiography, except for anomalies that could not be confirmed by this type of
investigation, such as aberrant right subclavian artery (ARSA), persistent left superior vena
cava (PLSVC), intrathymic LBCV, and DV agenesis. In addition, postnatal confirmation of
atrial septal aneurysm (ASA) was not always possible due to its natural history toward
physiological foramen ovale closure.

The complex/associated cardiac anomalies were classified according to the most
severe or hemodynamically leading defect. CHD was considered major according to the
possibility of requiring specialized care in the neonatal period. Under this spectrum, we
decided to include all CHD with potential postnatal progression, such as mild pulmonary
stenosis and PS; postnatal possible complications, such as extensive thrombosis from a DA
aneurysm (DAA); and uncertain postnatal evolution, such as aortic coarctation. 1st trimester
hygroma-associated CHD (3 cases) was excluded from the definition of major CHD, since
parents usually opt for early TOP.
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We evaluated the performance of the 4C and 3VT view = Color Doppler in detecting
all CHD and major CHD, respectively.

We performed a descriptive statistical analysis using Excel (Microsoft Office 2019
Professional Plus, Microsoft Corporation, Redmond, WA, USA). Continuous variables were
expressed as mean = standard deviation. Scalar variables were expressed as median and
range. Categorical variables were counted and expressed as percentages.

The study was approved by the Institutional Review Board of each clinic and hospital
involved (75122/2021, 25/2021, 2176/2021, 15075/2021, 15611/2021, and 10771/2021).

1.2.3.3. Results

The study population included 1596 pregnancies, with a total of 1608 fetuses (nine
twin dichorionic diamniotic pregnancies and three twin monochorionic diamniotic
pregnancies). There were 12 TOP for fetal anomaly: six were terminated before 15 weeks
(three for hygroma with multiple structural defects, including CHD), and six were terminated
at 16-22 weeks (one for isolated severe aortic stenosis). Table 11.6 describes the
demographics and pregnancy outcome of the 46 fetuses with prenatally diagnosed CHD
(2.86% of the screened population).

Table 11.6. Characteristics of the study group
Parameter Value
Total patients, n 46
Maternal age, years (mean and standard deviation) 30+4.85
Gravida (n%) 1(1-4)
Nulliparity (n%) 67.3%
Male fetuses (n%) 60.4%
Syndromic/genetic (n%) 6.5% (3/46)
TOP (n%) 8.7% (4/46)
Livebirth (n%) 91.3% (42/46)
Neonatal death (n%) 2.1% (1/46)
Gestational age, weeks (mean and standard deviation) 39+1.2
Birthweight, grams (mean and standard deviation) 3320 + 497 (2250-4300)
Cesarean section (n%) 71.7%

Table 11.7 lists all CHD with their ultrasound findings and associated anomalies. Only
14/1605 (0.87%) were considered major CHD: 9/14 were detected due to 3VT—aortic
coarctation/hypoplastic aortic arch/interrupted aortic arch (IAoA), mild PS, tetralogy of
Fallot, DAA, and D-transposition; and 5/14 were detected with grayscale 4C—severe aortic
stenosis, hypoplastic left heart syndrome (HLHS), pulmonary atresia with intact ventricular
septum (PA/IVS), cardiac rhabdomyoma, and hypertrophic cardiomyopathy. There was no
postnatal diagnostics of genetic anomaly in CHD live births.

Some CHD-associated defects were diagnosed only postnatally: aortic valve
malformation, mild supravalvular PS + facial dysmorphism, perimembranous ventricular
septal defect (VSD), and hypospadias. There was no cardiac anomaly diagnosed in the first
month of life in the nonCHD population.
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Table 11.7. Defects in 46 fetuses antenatally diagnosed with cardiac heart disease

. . Main ] ] Detected at
Anomaly  |Total Assouated,l Assouated,l Suspicious Abnormal 1st|2nd|[3rd First
Prenatally Postnatally . 3VT .
View Presentation
ASD type Il H 2 H Late FGR Hl hypospadiasH 4C H - ‘@‘ 1 “ 2/2
. 1 aortic valve
1 ijpopla}stlc malformation
ASA 9 |laortic ar_:_:h in 3rd + double ASD 4C —/+ 0| 4|5 719
type Il L
VSD, muscular H 2 H - H - H 4C color H - ‘@‘ 0 \‘ 0/2
2xT18
erim\e/rilk?r'anous 2 (hygroma + - other - 2[00 212
P multiple defects) L] ]
hygroma +
AVSD, complete| 1 | multiple defects - 4C - 1100 11
(no genetics) | L
Hypertrophic gestational i i
cardiomyopathy 1 diabetes ac 0101 1
mild ]
Left cardiac axis . supravalvular
deviation 2 1 | echogenic CSP PS + facial 4C + 0 110 11
dysmorphism | L
Severe aortic | : : ac + Jol1o0 o1
stenosis
. 1 x (hypoplastic ] ]
oot | 3| NBand late . VT £ o213
FGR) L_| L
perimembranous i
1A0A 1 VSD VT + i 1 i 1/1
HLHS y | Mitral atresia + . ac + Jol1lo 11
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valvularPs, - - - 3VT + Joj1]o 11
mild L L
Pavs | 2| - |- | ac | + JoJol1] o
Fallor | 1| - ] - st | o+ Jofijo| 1 |

Table legend: - Structural and genetic defects. 2- Cardiac axis normalized by the late 2nd trimester. -
The D-transposition had a reportedly normal 2nd trimester scan. ASD, atrial septal defect; FGR, fetal growth
restriction; ASA, atrial septal aneurysm; VSD, ventricular septal defect; T18, trisomy 18; AVSD,
atrioventricular septal defect; CSP, cavum septum pellucidum; PS, pulmonary stenosis; NB, nasal bone; 1A0A,
interrupted aortic arch; HLHS, hypoplastic left heart syndrome; PA/IVS, pulmonary atresia with intact
ventricular septum; RAA, right aortic arch; ARSA, aberrant right subclavian artery; PLSVC, persistent left
superior vena cava; LBCV, left brachiocephalic vein; DA, ductus arteriosus; DV, ductus venosus; 4C, 4-
chamber; 3VT, 3-vessels and trachea

By analyzing the performance of the 4C and 3VT with and without Color Doppler,
(Table 11.8), we can see that by using only grayscale 4C we detected 47.8% of CHD, and by
adding grayscale 3VT we achieved a 71.7% detection rate. Adding Color Doppler to our
examination increased the detection of small septal defects (provided the septum was
evaluated horizontally) and of anatomic variants, such as ARSA and intrathymic LBCV.
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Table 11.8. Prenatal ultrasound performance by scanning view

View Detected CHD, All n =46 | Missed CHD, Major n = 14
Grayscale 4C only 47.8% (22/46) 57.1% (8/14)
Grayscale 3VT only 36.9% (17/46) 21.4% (3/14)
Color 3VT only 58.6% (27/46) 14.2% (2/14)
Grayscale 4C + 3VT 71.7% (33/46) 0% (0/14)

Hereafter, we present several cases of CHD with a normal 4C view but detected due to
grayscale and/or color 3VT. The D-transposition was detected in the 3rd trimester, after
reportedly normally crossing great vessels at the 2nd trimester anomaly scan (Figure 11.16).

(a)

Figure 11.16. (a) D-transposition with normal 4C view; (b) Only two vessels (the aorta and the
right superior vena cava) are seen on grayscale 3VT. Ao, aorta; RSVC, right superior vena cava; Tr,
trachea (images from personal collection)

There was one case of interrupted aortic arch type B, with an associated malalignment
VSD. Due to this association, the 4C seemed normal. On the 3-vessels view, the aorta was

only slightly smaller than the pulmonary artery, but the ‘V’ was impossible to demonstrate on
3VT (Figure 11.17).

58



16Hz/ 8.8cm

FR /2

Figure 11.17. Abnormal 3VT in a case of interrupted aortic arch type B with associated
malalignment VSD. RSVC, right superior vena cava; Tr, trachea; IA0A, interrupted aortic arch; PA,
pulmonary artery (images from personal collection)

In our tetralogy of Fallot case, there was also pulmonary atresia, so the 3VT was
profoundly modified, with just a large aorta appearing instead of the ‘V’ (Figure 11.18).

Figure 11.18. Abnormal 3VT in a case of tetralogy of Fallot: there is a large aorta, and the
pulmonary artery cannot be identified. Ao, aorta; RSVC, right superior vena cava; Tr, trachea (images
from personal collection)

All cases of aortic coarctation were suspected due to a smaller transverse aortic arch
on grayscale 3VT and confirmed by evaluating the aortic arch in a sagittal view. In one case,
color 3VT seemed normal, but the transverse aorta was difficult to follow up to the DA
(Figure 11.19). Sagittal examination of the aortic arch demonstrated a contraductal shelf.

59



(b)

Figure 11.19. (a) Grayscale 3VT: the transverse aorta narrows gradually and is difficult to
follow up to the ductus arteriosus; (b) Color 3VT: the aortopulmonary convergence appears normal,
with great vessels seemingly having the same caliber. PA, pulmonary artery; Ao, aorta; RSCV, right
superior vena cava; Tr, trachea (images from personal collection)

In one case of ASA detected in the 2nd trimester, aortic arch hypoplasia was suspected
after evaluating the 3VT view in the 3rd trimester (Figure 11.20). There was anterograde flow
through the transverse aortic arch, but Color Doppler examination of the 4C view showed that
the aneurysm became partially obstructive of the left ventricular inflow (Figure 11.21). After
birth, only a double atrial septal defect type 1l and a malformed nonstenotic aortic valve were
found, so the cause of the smaller aortic arch was not certain.

o) GA=32wld 9.4cm/1.0/11Hz  Tib 1.0
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Figure 11.20. Atrial septal aneurysm at 32w1d: the transverse aortic arch is smaller than the
pulmonary artery on 3VT, but with anterograde flow. Ao, aorta, Tr, trachea; RSVC, right superior
vena cava; PA, pulmonary artery (images from personal collection)
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Figure 11.21. Atrial septal aneurysm at 32w1d: diminished left ventricular inflow. LV, left
ventricle; RV, right ventricle (images from personal collection)

We detected one case of mild PS in the 2nd trimester, based on the aortopulmonary
discrepancy on grayscale 3VT (Figure 11.22), which remained stable over time and had a good
postnatal evolution.

15Hz/10.2cm

aftliae/ OF
M 4

Figure 11.22. Mild pulmonary stenosis stable in the 3rd trimester: enlarged pulmonary artery
with turbulent flow. PA, pulmonary artery; Ao, aorta; RSVC, right superior vena cava; Tr, trachea
(images from personal collection)

The DAA case diagnosed in the 3rd trimester (Figure 11.23) had already presented a
tortuous DA at 20w. There were no thrombotic complications before or after birth.
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Figure 11.23. The ductus arteriosus forms a tortuous loop, which is evident on grayscale 3VT.
DAA, ductus arteriosus aneurysm; PA, pulmonary artery; Ao, aorta (images from personal collection)

The right aortic arch with left ductus arteriosus was detected at the 1st trimester scan
(Figure 11.24), and Color Doppler proved essential for early identification of this anomaly.

(a) (b)
Figure 11.24. Right aortic arch with left ductus arteriosus showing its typical U shape on color
3VT (a) First trimester; (b) Second trimester. PA, pulmonary artery; Ao, aorta; Tr, trachea (images
from personal collection)

ARSA can be identified by 3VT Color Doppler evaluation (Figure 11.25). In our
cohort, none of the prenatally isolated ARSA cases associated genetic anomalies, nor did they
associate postnatal findings.
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Figure 11.25. Aberrant right subclavian artery coursing behind the trachea at 20w0d. ARSA,
aberrant right subclavian artery; Tr, trachea; RSVC, right superior vena cava; Ao, aorta; PA,
pulmonary artery (images from personal collection)

Color Doppler is also helpful in detecting PLSVC, although this can also be seen
bordering the left atrium on a 4C view and on grayscale 3VT, it is easier detected upon failure

to demonstrate a normal LBCV (Figure 11.26). None of the PLSVC cases from our cohort
associated aortic coarctation or genetic anomalies.

14Hz/10.Fcm

Figure 11.26. Persistent left superior vena cava is identified as a fourth vessel on the 3VT view,
seen on the left side of the pulmonary artery. RSVC, right superior vena cava; Tr, trachea; LSVC, left
superior vena cava; Ao, aorta; PA pulmonary artery (images from personal collection)
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1.2.3.4. Discussions

The overall CHD incidence was higher when compared to other studies: 2.86% versus
0.8%, mostly because minor anomalies were included, such as PLSVC, ARSA, and ASA. Our
study also found a higher major CHD incidence: 0.87% versus 0.2% (182). That is partly
because our definition of major CHD included some presumably nonsevere lesions, but
potentially worsening after birth, such as mild PS (196, 197).

Since its introduction by Yagel, the 3VT view has been extensively studied
[9,10,18,19,20] and included in the routine anatomy scan by experienced sonographers,
proving its utility time and time again (198-200). Thus, a meta-analysis by Liu et al. proved
that detection increases from 58% when using 4C + LVOT + RVOT to 73.5% by adding 3VT
(187). Our study reports a comparable 3VT performance for detecting CHD (grayscale 4C +
3VT 71.7%).

3VT offers valuable clues leading to the diagnosis of both major and minor CHD. This
study highlights the importance of 3VT in screening even without using Color Doppler. Just
by adding grayscale 3VT examination to the 4C view, our study found that the detection rate
increased 23.9%, with no major CHD being missed. It is noteworthy that the extra CHD
detected by 3VT were outflow tract anomalies, whose outcome was significantly improved by
prenatal diagnosis (D-transposition, coarctation of the aorta, and Fallot).

A simplified protocol scan using only grayscale 4C and 3VT could be employed
during every scan, even when the referral reason is not an anatomic survey. This is especially
useful for patients who never underwent an anatomy scan due to poor prenatal care access; for
example, 78% of Romanian women underutilize free prenatal care (201). There is also a
‘second opinion’ benefit, for evolving CHD, such as valvular stenosis, or for missed CHD due
to incorrect/incomplete initial scans, such as the D-transposition diagnosed in the 3rd
trimester after a reportedly normal 2nd trimester scan.

Thus, combining 4C + 3VT proved to be a powerful tool in a low resource setting,
whether that resource is available scan time, appropriate sonography training, or technical
challenges.

Not only major CHD detection is of interest regarding perinatal mortality and
morbidity, but also the detection of seemingly minor CHD, because of its potential evolution
toward more serious CHD.

In fetal life, ASA is considered a normal evolution of an atrial septal defect toward
spontaneous closure, so on postnatal echocardiograms it can present as normal, as a patent
foramen ovale, or as an atrial septal defect (202).

Although generally considered a benign finding, on occasion ASA has been reported
to become obstructive of the left ventricular inflow, with a consequent evolution toward mild
left ventricle and aortic arch hypoplasia (203), so close follow up is advisable. This also
happened in one of four ASA detected by our study in the 2nd trimester; fortunately, postnatal
hemodynamic changes led to a nonobstructive ASA.

A tortuous DA is usually a minor ultrasound finding and considered a normal variant,
but it is worth following up due to its potential evolution toward restrictive DA or DAA
(204). In our series, there was no restrictive DA, but a tortuous DA detected in the 2nd
trimester developed into a DAA in the 3rd trimester.

DAA can be associated with connective tissue disease (205) and can become
complicated by prenatal thrombosis (206) or postnatal extension of the DA thrombus (whose
formation is a physiologic event in order for the DA to close) to the adjacent pulmonary artery
(207) or to the descending aorta (208). Thus, an antenatal diagnosis of DAA ensures a proper
follow up, with planned delivery in a specialized center where surgical treatment is available.
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Studying 4C and 3VT in grayscale is easy to learn and not time consuming. Because
these are transverse views, one must just sweep cephalad from the upper abdomen, which is
already routinely used to estimate fetal weight. In our opinion, under acceptable technical
conditions, adding grayscale 4C and 3VT to a biometry scan would increase the examination
time by maximum 1 min.

There are some pitfalls in using 3VT in routine anatomy scans in a low-risk
population. 3VT also detects normal variants, mostly being asymptomatic; however, they still
increase parental anxiety, especially in ARSA or PLSVC cases when genetic anomalies are
brought into question (209, 210). Genetic testing is questionable if the ultrasound marker is
isolated; our study did not demonstrate ‘hidden’ anomalies for isolated ARSA/PLSVC.

Although reported as easy to obtain and to interpret, sometimes a ‘perfect V' cannot
be easily obtained; that is, the aortopulmonary convergence is difficult to demonstrate, as if
the transverse aorta and the DA were not in the same plane, and this can mislead the
inexperienced sonographer to false-positive findings. However, if their caliber is rather equal
all the way up to the descending aorta, even if not obvious in the same plane, there is no
abnormality; the reason is either an incidence artifact or a tortuous DA, which is more
obvious and frequent in the 3rd trimester (211).

Moreover, 3VT increases the cost of CHD screening as reflected by increased
screening time if technical conditions are difficult and increased referrals to maternal—fetal
units. Increased referral is also stressful for the parents and puts an extra burden on services
that provide diagnostic ultrasound; however, all significant CHD detection is worthwhile,
whether it is syndromic or requiring specialized postnatal care.

Lastly, 3VT cannot completely replace LVOT and RVOT examination, since it does
not directly evaluate the aortic and pulmonary valves, valvular stenosis being among the most
common CHD (182). As proven by the postnatal findings of this study, one mild PS and a
malformed aortic valve were missed prenatally.

The strength of this study is the use of an extended scan protocol on an unselected
population, thus detecting more cardiac and extracardiac anomalies than standard screening.
Since most studies of extended cardiac examination performance are conducted on selected
populations (either at risk for CHD or with suspicious screening results) (187), this study
reflects more accurately the CHD frequency in an unselected fetal population. Also, some of
these anomalies would be detected earlier according to our protocol. To our knowledge, this is
the first study to report the routine use of 3VT in an unselected Romanian population.

There are several limitations to this study. There is an inclusion bias since private care
is generally accessed by lower risk patients. Another study limitation is that children from the
study population were followed up to 1 month, and there was no systematic postnatal
echocardiographic examination, so there could be undetected CHD in our population.

In our study, the scans were performed by experienced sonographers, who are very
familiar with 3VT and go beyond the minimal guideline recommendations and routinely use
the ISUOG recommended 5-planes sweep, with an allotted screening time longer than in
public settings (45 min versus usually 30 min).

Due to their experience in using 3VT (but also extra cardiac views), it is possible that
that detection rates would be lower for inexperienced sonographers. Moreover, routine
pulsed-wave Doppler was not used across the cardiac valves, so aortic/pulmonary stenosis
may have been missed.
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1.2.3.5. Conclusions

Fetal echocardiography can accurately diagnose most CHD, but it is not reasonable to
expect experts to perform all screening scans. Ultimately, CHD detection relies on referral
from screening sonographers, who apply simple and time-efficient protocols. For outflow
tract anomalies, sonographer training is of utmost importance. A chain is as strong as its
weakest link, so proper education of first-line sonographers is pivotal in improving prenatal
CHD detection.

3VT proves ideal for CHD screening because it is fast to obtain, easy to learn, and
sufficient to raise suspicion of outflow tract abnormality with subsequent referral to a
specialist. In our opinion, grayscale 4C + 3VT is the perfect combination to screen for CHD:
as shown by this study, no major anomaly would be missed by using this technique, even
without the use of Color Doppler.
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Chapter 3: Thrombosis and pregnancy

1.3.1. State of art

Thrombosis, or the formation of blood clots within the circulatory system, is a serious
complication that can occur during pregnancy. Venous thromboembolism (VTE) is the most
common type of thrombosis seen during pregnancy, and it encompasses both deep vein
thrombosis (DVT) and pulmonary embolism (PE). The incidence of VTE in pregnant women
Is estimated to be approximately 1 in 1,000 (212).

Several risk factors contribute to the development of VTE during pregnancy,
including a previous history of VTE, obesity, older maternal age, Cesarean delivery, and
certain medical conditions such as thrombophilia (an inherited or acquired tendency to form
blood clots) (213). The use of assisted reproductive technologies and multiple gestations also
increase the risk of VTE during pregnancy.

Anticoagulation therapy is the mainstay of treatment and prevention of VTE during
pregnancy. Low molecular weight heparin (LMWH) is the preferred anticoagulant as it has
been shown to be effective and safe in pregnant women (214). Other anticoagulant
medications such as unfractionated heparin (UFH) and warfarin are generally avoided due to
their potential adverse effects on the developing fetus.

There has been significant research in recent years to improve the diagnosis,
management, and prevention of VTE during pregnancy. The American College of
Obstetricians and Gynecologists (ACOG) and the Royal College of Obstetricians and
Gynecologists (RCOG) have both published guidelines for the management of VTE during
pregnancy (215, 216). These guidelines emphasize the importance of risk assessment,
appropriate prophylaxis, and prompt treatment of VTE in pregnant women.

In addition to medical management, lifestyle modifications such as regular exercise
and healthy eating habits can also reduce the risk of VTE during pregnancy (217). Patient
education and awareness of the signs and symptoms of VTE are also essential for early
detection and prompt treatment.

Overall, while VTE remains a significant complication of pregnancy, advances in
research and medical management have improved outcomes for pregnant women at risk for
thrombosis. Ongoing efforts to refine risk assessment, prophylaxis, and treatment will
continue to improve outcomes for pregnant women with VTE. This chapter will outline the
influence of thrombotic disorders over the obstetrical and reproductive outcomes, as well as
the DVT management during pregnancy.
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1.3.2. Serological parameters and vascular investigation for a better assessment in
DVT during pregnancy—a systematic review

1.3.2.1. Introduction

Deep vein thrombosis is an important medical problem, especially for women of
childbearing potential. Deep vein thrombosis means the formation of a blood clot in the deep
veins, especially in the lower limbs and only occasionally in the upper limbs.

The symptoms of the disease are swelling of the affected limb accompanied by pain,
and redness and heat in the affected area, but almost half of the cases have no symptoms
(218). Severe complications of the disease are pulmonary embolism and post-thrombotic
syndrome. The occurrence of DVT can be idiopathic or as a result of risk factors such as
contraceptives, obesity, surgical maneuvers, trauma, and so forth.

Venous thrombosis can be occlusive (acute) and non-occlusive (less
symptomatic/asymptomatic) or chronic if it is symptomatic and persists for more than 10 days
(219). Regarding the affected area, DVT is classified as proximal (ilio-femoral) when it is
located above the knee and distal (in the leg) when it is located below the knee. In most cases
DVT develops in the leg or thigh of the popliteal or ilio-femoral vein and evolves in the
direction of venous flow to the heart and can reach the inferior vena cava (220).

An important aspect of DVT is a different pathophysiology compared to arterial
thrombosis. Arterial thrombosis occurs as a result of a vascular wall injury in an environment
with a normal oxygen content. The arterial clot contains a significant percentage of platelets.
In contrast, DVT may occur in the absence of vascular damage in a low-oxygen environment.
The venous clot contains mainly erythrocytes and fibrin but also white blood cells and
platelets. The presence of white blood cells, which play an important role in the adhesion of
cells to the surface of the endothelium, indicates an inflammatory phenomenon in the
formation of clot (221). Hypoxemia, increased by venous stasis, activates certain cellular
mechanisms that induce the association of monocytes with endothelial proteins, thus
promoting clot formation (222).

In pregnancy, the deep vein thrombosis is characterized by the Virchow triad: venous
stasis, hypercoagulability, and endothelial damage. Deep vein thrombosis is not a frequent
complication but is a very serious medical problem. While in underdeveloped countries
mortality at birth is caused by hemorrhage, in developed countries mortality is caused by the
thromboembolic complications (223).

During pregnancy, DVT can be caused by prolonged rest/immobilization or obesity.
Other responsible factors are preeclampsia, varicose veins, multiple pregnancies, and
hereditary or acquired thrombophilia.

The frequency of DVT is similar over the three trimesters of pregnancy but increased
in the first six weeks postpartum (223). Deep vein thrombosis associated with pulmonary
thromboembolism is known as venous thromboembolism. In pregnancy the risk of venous
thromboembolism is 5 times higher (224), and for the case of associated hereditary,
thrombophilia is up to 30 times higher (218, 225).
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Nowadays the first pregnancy currently occurs in older ages. In many cases, the age
for the first pregnancy has moved to 35-45 years, so the number of pregnancies obtained
through fertilization has constantly increased. We can say that these aspects characterize a so-
called “contemporary pregnancy”. Therefore, the contemporary pregnancy characterized by
old age and/or assisted reproduction presents the following thrombotic risks: hyperstimulation
that generates high levels of estradiol, which promotes hemoconcentration and
immobilization, which favors hypercoagulability, which promotes DVT.

Regarding the location of the injured area and the moment of occurrence of DVT,
literature indicates some particularities of DVT as follows (220):

- in more than 88% of cases, it affects the left lower limb as a result of the
compression on the left common iliac vein accentuated by the growth of the uterus (224);

- it occurs most commonly in the third pregnancy trimester on the ilio-femoral vein;

- localization above the groin is much more common compared with other non-
pregnant DVT patients;

- it frequently occurs, postpartum, in the first six weeks after birth.

1.3.2.2. Materials and methods

The literature search was done on Pub Med, ScienceDirect, Google Scholar, DOAJ,
UpToDate in the last 20 years. Literature selection was made based on keywords: venous
thromboembolism, pulmonary embolism, anticoagulants, thrombophilia.

The inclusion criteria covered the following aspects: reviews on basic
pathophysiology, clinical evaluation in DVT, serological parameters currently used in the
evaluation of DVT, serological parameters useful in the assessment of DVT envisaged for
implementation, anticoagulant therapy.

The exclusion criteria were: normal non-DVT pregnancy, thrombosis and venous
stroke, upper extremity thrombosis, surgical therapy of DVT during pregnancy, DVT
pregnancy associated with non-thrombophilia pathology.

1.3.2.3. Epidemiology

Normal pregnancy and the postpartum period represent a condition characterized by a
thrombotic predisposition. The hypercoagulable physiological state of pregnancy and
postpartum seems to prevent blood loss during pregnancy and excessive bleeding at birth. For
this reason, pregnant women develop DVT five times more frequently than non-pregnant
women (218).

For patients with no thrombotic event in history, the overall incidence of DVT in
pregnancy is up to 2/1000 (226). During normal pregnancy, the frequency of thrombosis is
similar in all three trimesters. The frequency of thrombotic event is much higher in pregnancy
with associated risk factor, such as: inherited or acquired thrombophilia, history of
thrombosis, antiphospholipid syndrome, lupus (218).

Other independent risk factors are age 35 and older, zero parity, multiple pregnancies,
obesity and immobility, which increase the risk by 1.5-2 times (222). Assisted reproduction is
considered a risk factor, as it increases up to 10 times compared to natural pregnancy (218,
224). Finally, the postpartum period (six weeks) has an increased risk of DVT with an
incidence up to 10 times higher compared to natural pregnancy (218).
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1.3.2.4. Laboratory assessment of DVT

It is well known that normal pregnancy is associated with a hypercoagulation state
generated by the modification of the serum concentration of specific parameters. Thus,
coagulation factor 11, VII, X, prothrombin, fibrinogen, and its degradation products (D-dimer)
are increased. On the contrary, the fibrinolytic activity of the specific proteins involved in the
process, such as protein C and protein S, is decreased.

This hypercoagulation state promotes thrombosis, but in normal pregnancy there are
isolated acute events. If in the pregnant state additional factors that promote coagulation are
added, the risk of a severe thrombotic event suddenly increases. Risk factors that promote
DVT include: history of thrombotic event, thrombophilia (antithrombin deficiencies,
antiphospholipid antibodies, Leiden factor V, methylenetetrahydrofolate reductase (MTHFR),
etc.), use of contraceptives, and prolonged immobilization.

Particular situations such as older age and assisted reproduction can also be risk
factors for a DVT occurring event. The literature specifies that, in the previously presented
situations, the risk of DVT increases 1.5-2 times (224, 225).

For patients with no thrombotic event in history, the overall incidence of DVT in
pregnancy and the puerperium is up to 2/1000 (226), thus supplementary tests for
thrombophilia are not consider mandatary. On the contrary, laboratory investigation of
thrombophilia is compulsory for the following pregnant patient categories: family history of
DVT events in first-degree relatives (227, 228), patients with previous different thrombotic
event, suspicion of antiphospholipid syndrome. During pregnancy, for all pregnant women
with thrombophilia and for those in older age or in assisted reproduction pregnancies, the
detection of DVT risk as early as possible prevents acute events such as miscarriage and
allows the identification of patients who have contraindications to antithrombotic therapy.

Therefore, for a reliable assessment of a possible deep vein thrombosis event, two
aspects must be followed: firstly, the evaluation of the coagulation/fibrinolysis parameters,
and secondly, the determination of the extent of the contribution of the particular risk factors
such as thrombophilia.

To estimate the level of risk of DVT during pregnancy, laboratory tests should follow
a few steps to maximize the accuracy of the diagnosis.

A first step refers to the medical history of the patient that can highlight any medical
event that may be associated with a disturbance of the coagulation—fibrinolysis balance. The
medical history of the patients must be as complete as possible and must contain information
about a possible antithrombotic therapy.

The second step regards the routine coagulation tests that include: fibrinogen,
prothrombin time, thrombin time, activated partial thromboplastin time, fibrinogen and D-
dimers. The purpose of this first group of analyses is to determine whether the patient has one
or more of the risk factors that can trigger a DVT event (226). In the case of a positive test,
the third step is the determination of the individual thrombophilia risk factors previously
identified. The method/methods used for the individual risk factor determination must be
selected according to the specificity and sensitivity of the method. The acquired data will be
correlated to assess the extent of the DVT risk. A reliable assessment will facilitate the
decision to choose the appropriate therapy to be followed.

For the evaluation of the coagulation/fibrinolysis balance in DVT, the following are
currently determined: prothrombin time (PT), activated partial thromboplastin time (APTT),
fibrinogen and D-dimers.

Currently for the diagnosis of DVT, the determination of D-dimers is considered the
most reliable diagnosis tool in non-pregnant patients (229). D-dimers are produced after
fibrinogen degradation under plasmin activity. They are generated when coagulation cascade
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is activated. Regarding the determination of D-dimers during pregnancy, numerous studies
(230, 231) indicate different reference values of D-dimers depending on the trimester of the
pregnancy. Thus, plasma concentration of D-dimers increases progressively during pregnancy
(232) with poor predictive value in excluding the diagnosis of deep vein thrombosis.
Although there is some consensus in this regard, some authors believe that the risk of
thromboembolism can be ruled out with certainty if D-dimer values are negative and
compression duplex ultrasonography is normal and thus, the test presents high efficacy for the
negative prediction of DVT rather than the positive one (191, 233).

During labor, D-dimers usually increase significantly, after which they decrease
rapidly at three days postpartum and slowly return to normal values four weeks later. From
this moment on, the test regains its usefulness. However, recent studies show that the onset of
postpartum hemorrhage is preceded by hyperfibrinolysis. If D-dimers do not return to normal
or their concentration increases, then postpartum hemorrhage should be considered (234).

If, after routine determination of the coagulation—fibrinolysis balance, one or more
individual risk factors are identified, the laboratory investigation of the individual
thrombophilia will begin.

In cases of inherited or acquired thrombophilia, the classification of the risk of DVT
as small, moderate, or severe is of clinical importance (235-237) because it allows the
individualization of therapy. As not all thrombophilia investigations are affordable or routine
tests, the selection of the pregnant patients to be tested should be considered. A first strategy
Is that once a risk factor is identified, all known risk factors should be investigated.

Laboratory investigations of thrombophilia include the following individual risk
factors: activated protein C resistance and V Leiden factor, prothrombin G20210A mutation,
antithrombin deficiency, proteins C and S deficiencies, antiphospholipid antibodies, increased
factor VIII level, as shown in Figure I11.1, and hyperhomocysteinemia. In order to exclude
false-positive results, specific confirmations are requested, as follows: mandatory repeating
testing for antiphospholipid antibodies, increased factor VIII level, hyperhomocysteinemia or
measurement of specific antigen for antithrombin deficiency, proteins C and S deficiencies.

For the inherited thrombophilia caused by deficiencies of activated protein C
resistance and factor V Leiden or prothrombin G20210A mutation, literature shows that the
associated risk of developing DVT is considered low for heterozygosity and highest for
homozygosity (239). Thus, the most appropriate method of investigation is supposed to be
DNA analysis. Because the DNA test is not routine, the first diagnosis is established based on
the functional test for the activated protein C resistance and factor V Leiden. If a positive
result occurs, then the DNA analysis is performed.

The inherited thrombophilia may occur in the deficiency of three individual risk
factors: antithrombin, protein C, and protein S. From the clinical point of view, these
parameters are considered as being very reliable markers for a moderate risk of DVT (239).
The protein deficiencies come from two different causes: a low synthesis that generates
insufficient quantities of the protein or a low quality of the synthesized protein that generates
poor activity. As a consequence, two ways of investigation are available to determine these
deficiencies: a functional test that assesses the activity and the immunoassay test that assesses
the quantity of these proteins. As a general rule, both tests are performed in order to avoid a
false-positive test. The deficiencies of all these tree proteins are rare, but among them
antithrombin and protein C are considered a preponderant hereditary thrombophilia risk
factor.
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Figure 111.1. Specific proteins of the coagulation cascade that can become risk factors in
acquired or inherited deficiencies, thus promoting hypercoagulation. Targeted factors for
antithrombotic therapy. Adapted after Turpie et al. (238)

Another thrombophilia risk factor is the presence of antiphospholipid antibodies that
trigger the antiphospholipid syndrome. Antiphospholipid syndrome is considered one of the
important thrombophilia risk factors. It is involved in both arterial and venous
thromboembolism and in miscarriage as well. In patients with a history of recurrent
pregnancy loss, old age, and assisted reproduction, the earlier assessment of antiphospholipid
antibodies is recommended in order to establish and to start the appropriate therapy. To avoid
false-positive results, the laboratory determination should be performed twice at a distance of
about 12 weeks.

Hyperhomocysteinemia (HHC) is another thrombophilia risk factor. HHC is
characterized by increased concentration of homocysteine (HC) in plasma, and is associated
with both venous and arterial thrombosis (240-243). It is generally accepted that HHC
disrupts normal endothelial functions, which are the relaxation of blood vessels and the state
of anticoagulation of the blood, thus disturbing coagulation—fibrinolysis balance (244, 245).
Hyperhomocysteinemia is caused by an inherited or acquired deficiency of the enzymes
involved in its metabolism (methylenetetrahydrofolate reductase or cystathionine beta
synthetase) or a deficiency of vitamins belonging to the group of B vitamins.

Based only on serological routine factors and on additional individual risk factor,
Dargaud et al. (246) proposed a Lyon DVT score in order to assess as accurately as possible
the risk of the DVT event. Lyon DVT score indicates the severity and the initiation of the
therapy as follows: <3 there is no antenatal prophylaxis; 3-5 LMWH starting on the third
trimester; >6 LMWH starting during the first trimester (VTE, venous thromboembolism;
DVT, deep venous thrombosis; LMWH, low-molecular-weight heparin) (246).

1.3.2.5. Clinical vascular evaluation of DVT

During pregnancy, a large number of women experience vascular events that are
generally moderate such as superficial varicose veins, or more important ones such as
compression of the abdominal vessels as a result of the evolution of pregnancy. Acute events
that may also occur, although less frequent, are of major importance and life threatening.
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Acute thrombotic events mainly include venous thromboembolism and post-thrombotic
syndrome. The DVT investigation from the vascular point of view includes the same steps
that can not only improve the diagnosis but also detect earlier a hidden pathology.

From the vascular point of view, DVT detection can be accomplished by the following
steps:

- the examination of the lower limbs should be performed on both the whole limb and
on segments, for patients with suspicion/risk of DVT (according to current literature
recommendations (247).

- examination by ultrasonography as the first line of investigation in DVT due to lack
of risks. It is less sensitive than venography but it is an affordable and available tool. Even so,
it has low accuracy in pelvic vein thrombosis. Although ultrasonography is the main DVT
method of determination, magnetic resonance imaging (MRI) is recommended when
ultrasound is inconclusive and the clinical symptoms persist. A high-quality study (248)
shows that the prevalence of venography over ultrasonography in DVT identification in
asymptomatic patients is about 22%. Even so, the study concluded that particularly for the
proximal veins, ultrasound is accurate in diagnosing DVT in asymptomatic patients having a
95% confidence. For the distal vein, the ultrasound accuracy in DVT detection is inconclusive
due to anatomical particularities.

- examination of venography only where other investigations are inconclusive.
Venography is generally accepted as the gold standard in detecting DVT. Its limitation comes
from the invasive method of investigation, and thus non-invasive diagnostic tests like
ultrasound replace venography in routine screening for DVT, particularly in pregnant patients.
In conclusion, the ultrasound investigation is the gold standard in particular cases of
pregnancy.

Comprehensive information on the tools used by clinicians to detect and assess the
extent of a thrombotic event, including DVT, in patients of all categories, including
coronavirus disease-2019 patients, can be found in the literature (249-252).

In conclusion, a general summary for the clinical DVT investigation in pregnancy is
presented in Figure I11.2,

DVT suspicion

Ultrasonography D-Dimer
Inconclusive 44— Negative  Low level %—
l exclude or consider
MRI another diagnosis

Venography

(not rerumme_ndrd v v

inpregnancy) Positive Eleveted level
— Initiate anticoagulant qJ Protein S, Protein C,

therapy Antithrombin,
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Personalized therapy in

L_p terms of dose and period of «
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Figure 111.2. Clinical and serological investigation of deep vein thrombosis (DVT) in
pregnancy. Adapted after Khan et al. (253)
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1.3.2.6. Diagnosis and therapeutic steps

The diagnosis of DVT is generally made on clinical grounds. The most common
symptom of DVT is swelling and discomfort in the lower extremities in the absence of trauma
as shown in Table I11.1. DVT can be present in normal and complicated pregnancies as well
as in the postpartum period.

Table I11.1. Symptomatology of DVT
Symptoms and Signs of Deep Venous Thrombosis

Leg swelling
Leg pain or discomfort and walking difficulty

Increased temperature and edema

Tenderness

Lower abdominal pain (sometimes associated)

The clinical diagnosis is accompanied by laboratory tests that, in this case, aim to
highlight particular situations such as thrombophilia.

D-dimer represents the choice analysis of screening in thrombophilia and has a high
negative predictive value. However, D-dimer levels increase during normal or complicated
pregnancy as well as in the postpartum period, which makes this parameter less reliable. For
this reason, the investigation of fibrinolytic-specific parameters, presented in Table 111.2,
appears to be mandatary particularly in thrombophilia.

Table 111.2. Blood/serum investigation in DVT diagnosis
Blood and Serum Modification in Deep Venous Thrombosis Tests/Measurements

Elevated white cell count

Prothrombin time (PT) and a partial thromboplastin time (PTT)

Homocysteine levels (to detect inherited or acquired deficiencies)

Factor V Leiden and prothrombin (factor I1) 20210 mutation (to detect inherited risk factors)

Protein C and protein S (to detect inherited risk factors or deficiency in blood clotting factors)

Lupus anticoagulant testing (to diagnose antiphospholipid syndrome)

1.3.2.7. Therapeutic steps during pregnancy

Anticoagulation with heparin is the therapy of choice in DVT. However, the choice of
treatment must take into account certain particular factors/steps:

Before initiating treatment, laboratory tests must establish the thrombophilia state.
Although a positive result does not significantly influence the therapy, the type of
thrombophilia may influence the doses and duration of anticoagulants.

DVT treatment must prevent not only the thromboembolism but also prevent PTS?
The renal condition is decisive in choosing the type of anticoagulant. Thrombolytic therapy
with plasminogen activators (tPA, urokinase, and streptokinase) is relatively contraindicated
in pregnancy because of the theoretical risk of massive abruption.

International experts from the National Institute of Health Care and Excellence
(NICE) established the general guidelines for antithrombotic therapy including pregnant
patients (254, 255). The guidelines contain indication for deep vein thrombosis as well as
pulmonary embolism (PE).
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1.3.2.8. General guidelines in DVT and PE

In case of suspicion of DVT or PE, the optimal moment for the early initiation of
anticoagulant treatment will be decided, so that it can continue even after the diagnosis is
confirmed. In March 2020, direct-acting anticoagulants and some low-molecular-weight
heparins (LMWH) were considered off-label for indication in the treatment of suspected cases
of DVT or PE (256).

Before initiating the anticoagulant therapy, biological tests must be performed
(complete blood count, renal and hepatic function, prothrombin time, activated partial
thromboplastin time) and anticoagulation must be initiated until results are received and doses
adjusted accordingly within the next 24 h (257).

In confirmed cases of DVT or PE, anticoagulant therapy is performed for three
months. Comorbidities (obesity, hemodynamic instability, neoplasms, renal failure,
antiphospholipid syndrome) are taken into account when initiating anticoagulant treatment
(257).

Either apixaban or rivaroxaban should be indicated in patients with proximal DVT or
confirmed PE (258). If they are not available, LMWH will be administered for at least five
days followed by dabigatran or edoxaban or LMWH simultaneously with a vitamin K
antagonist (VKA) for at least five days or until the international normalized ratio (INR) is at
least 2.0 in two consecutive readings, followed by VKA monotherapy. Unfractionated heparin
(UFH) is usually not associated with a VKA for the proximal DVT or confirmed PE therapy,
except in cases of renal impairment or an increased risk of bleeding.

In patients with proximal DVT or PE both confirmed and with renal impairment
(creatinine clearance estimated between 15 mL/min and 50 mL/min), one of the following
will be chosen (258): (a) apixaban, rivaroxaban, LMWH for at least five days, followed by
edoxaban or (b) dabigatran if the estimated creatinine clearance is 30 mL/min or greater, (c)
LMWH or UFH, co-administered with a VKA for at least five days or until the INR is at least
2.0 in two consecutive determinations, followed by a VKA monotherapy.

In patients with proximal DVT or PE both confirmed with pre-existing renal
impairment (estimated creatinine clearance less than 15 mL/min), choose one of the following
(258): (a) LMWH, UFH, LMWH or (b) UFH simultaneously with VKA for at least five days
or until the INR is at least 2.0 in two consecutive determinations, followed by a VKA alone.
Long-term anticoagulation for secondary prevention will be decided after assessing the
benefits and risks that may occur from continuing, stopping, or changing the anticoagulant.

Catheter thrombolytic therapy will be considered in patients with DVT with symptoms
lasting less than 14 days, good functional status (ECOG 0-1), life expectancy of more than
one year, and low risk of bleeding (259). Pharmacological systemic thrombolytic therapy is
recommended in patients with hemodynamic instability PE. In patients with proximal DVT or
in whom anticoagulation is contraindicated or in whom an episode of PE occurred during
anticoagulant treatment, a filter in the inferior vena cava is indicated.

As for therapy in pregnancy, the guideline indicates the use of heparin (small
molecule) as it can reduce the risk of obstetric adverse events. In the particular case of
thrombophilia (inherited or acquired), the use of low doses of low-molecular-weight aspirin
may or may not be associated with heparin during the pregnancy (260).

When a single thrombotic risk factor is present, prophylaxis with LMWH heparin is
recommended both before and after childbirth (239). When two thrombotic risk factors are
present, LMWH heparin prophylaxis is recommended starting from the 28th week of
pregnancy and continuing after birth. As a general rule, LMWH heparin prophylaxis for the
postnatal period recommends a general period of six weeks of administration.
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1.3.2.9. Conclusions

Pregnancy, thrombophilia, deep vein thrombosis, and thromboembolism are causally
linked.

The diagnosis of DVT is made on clinical symptoms and D-dimers, after which a
general scheme of anticoagulant treatment is applied. Thus, the presence of a hidden
thrombophilia risk may be missed.

Therefore, the chosen therapy may be excessive or not fully efficient. Although there
are recommendations for the detection, evaluation, and treatment of thrombophilia during
pregnancy, the ultimate goal is to select the appropriate investigations to make the best
possible therapeutic decision.

Our study focused on the importance of selecting investigational tools and highlighted
relevant serological factors that, when included in routine analyses of pregnancy tests, allow
treatment to be personalized.

1.3.3. Pregnancy outcomes, immunophenotyping and immunohistochemical
findings in a cohort of pregnant patients with COVID-19- a prospective study

1.3.3.1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative
agent of coronavirus disease 2019 (COVID-19) (261). Since the World Health Organization
(WHO) declared the SARS-CoV-2 a pandemic on March 11, 2020, new questions have
emerged as to whether this virus can affect pregnancy outcomes (262). Many studies have
estimated that between 3 and 20% of pregnant women presenting for labor and delivery were
infected with this virus (263, 264). However, because universal screening was not widely
used, it is challenging to offer an exact estimate for the prevalence of this viral infection in the
population of pregnant patients.

Until now, several studies have outlined an association of SARS-CoV-2 infection and
poor pregnancy outcomes (265). For example, it was demonstrated that miscarriage,
intrauterine death, fetal growth restriction and high maternal-fetal morbidity rates were more
prevalent in patients infected with this type of virus (266-270). Wei et al., performed a meta-
analysis on 42 studies involving 438 548 pregnant patients, which evaluated the association
between SARS-CoV-2 infection during pregnancy and adverse pregnancy outcomes. The
authors demonstrated that the risk of developing preeclampsia (OR 1.33, 95% CI 1.03 to
1.73), preterm birth (OR 1.82, 95% CI 1.38 to 2.39) and stillbirth (OR 2.11, 95% CI 1.14 to
3.90) were higher in infected patients, and that severe forms of viral infection were associated
with higher odds of developing preeclampsia, preterm birth, gestational diabetes or to deliver
a newborn with low birth weight (271).

The risk of maternal complications appears to be increased in severe forms of
COVID-19. A retrospective cohort study by Ko et al., on 489 471 delivery hospitalizations
evaluated the maternal complications for 6550 pregnant patients with COVID-19 (272). The
authors demonstrated that this viral infection was associated with increased risk for acute
respiratory distress syndrome, death, sepsis, mechanical ventilation, shock, intensive care unit
admission, acute renal failure, thromboembolic disease, and adverse cardiac events. The risk
factors for severe COVID-19 disease are poorly explored in the literature, but recent data
suggests that maternal diabetes, obesity, asthma, lower respiratory symptoms, and the extent
of pulmonary disease on imaging studies constitute important independent risk factors for this
maternal intensive care admission (269, 273-276).
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On the other hand, it was shown that the prevalence of adverse pregnancy outcomes
was reduced in vaccinated patients. For example, a recent meta-analysis by Prasad et al.,
indicated that messenger ribonucleic acid (MRNA) vaccination was a safe and effective
method for reducing the rate of stillbirth by 15% in pregnant patients with confirmed SARS-
CoV-2 infection (pooled odds ratio-OR: 0.85; 95% confidence interval- Cl: 0.73-0.99, 66,067
vaccinated vs. 424,624 unvaccinated, 12 = 93.9%) (277). The safety of mMRNA vaccines has
been outlined by many observational studies that compared perinatal outcomes between
vaccinated and unvaccinated pregnant patients, and did not demonstrate harmful effects on
pregnancy or the newborn (278-280).

There are ongoing efforts to investigate placentas from COVID-19 patients in order to
better comprehend and predict the consequences of SARS-CoV-2 on pregnant women and
newborns. The placenta acts as a barrier, preventing the fetus from being exposed to maternal
illnesses (281). On the other hand, the receptor angiotensin-converting enzyme 2 (ACE2)
used by SARS-CoV-2 for infecting pulmonary cells was also found in placental tissue (282-
284), supporting the idea of vertical transmission for this type of infection (285, 286). Recent
investigations of placental pathologies indicated the presence of feto-maternal vascular
malperfusion, and placental inflammation with excessive infiltration of CD3+ CD8+
lymphocytes, CD68+ macrophages and CD20+ lymphocytes (287-289).

Given the scarcity of data on placental changes in the context of SARS-CoV-2
infection, the goal of this study was to assess the immunohistochemical changes of the
umbilical cord, amniotic membranes and placental fragments, the immunophenotyping
alterations, as well as pregnancy outcomes, in a cohort of patients with this type of viral
infection.

1.3.3.2. Materials and methods

We conducted an observational prospective study of pregnant patients with COVID-
19 admitted to the Obstetrics and Gynecology Hospital ‘Buna Vestire’, Galati, between
October 2020 and November 2021. The SARS-CoV-2 infection was confirmed after the
evaluation of nasopharyngeal swabs using the polymerase chain reaction (PCR) assay. The
main circulating variants of SARS-CoV-2 were Alpha, for October 2020- September 2021
time frame, and Delta, for October- November 2021 time frame (290, 291).

Ethical approval for this study was obtained from the Institutional Ethics Committees
of University of Medicine and Pharmacy ‘Grigore T. Popa’ (No0.27/04.01.2021), and ‘Buna
Vestire’ Obstetrics and Gynecology Hospital (No. 6793/08.09.2020). Informed consent was
obtained from all participants included in the study. All methods were carried out in
accordance with relevant guidelines and regulations.

Exclusion criteria comprised patients who had multiple pregnancies, ectopic
pregnancies, first and second trimester abortions, fetal intrauterine demise, fetuses with
chromosomal or structural abnormalities, incomplete medical records, or who were unable to
offer informed consent due to various reasons (age less than 18 years old, intellectual deficits,
psychiatric disorders, etc.).

52 patients were segregated into two groups depending on the presence of SARS-
CoV-2 infection: with confirmed infection (n= 26) or without infection (n=26). The following
variables were recorded: demographic data, the patient’s medical history, clinical
manifestations, laboratory parameters at admission, pregnancy outcomes, imaging findings,
the treatment received, their clinical evolution, and the neonatal outcomes (gestational age,
birthweight, Apgar score at 5 min).

For investigating the immunophenotyping changes, we further segregated the group of
patients with COVID-19 into two subgroups depending on the disease severity: mild disease
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(subgroup 1, n= 14 patients), and moderate-severe disease (subgroup 2, n= 12 patients). The
criteria for inclusion in the mild disease subgroup were derived from the National Guidelines
(292), and were represented by: patients with confirmed SARS-CoV-2 infection, with any
signs or symptoms of respiratory tract infection such as fever, cough, rhinorrhea, sore throat,
malaise, headache, or myalgia, but without breathing difficulties, dyspnea or thoracic imaging
findings suggestive of pneumonia.

On the other hand, patients with mild or severe forms of COVID-19 were considered
in case of confirmed SARS-CoV-2 infection, fever and signs of non-severe pneumonia,
without needing supplementary oxygen or who manifested important dyspnea (respiratory
frequency> 30/min), newly onset hypoxemia (oxygen saturation< 94%), a ratio of arterial
oxygen partial pressure (mmHg) to fractional inspired oxygen (PaO2/FiO2)< 300 mmHg,
rapid evolution of pulmonary imaging in the last 24-48 hours (> 50%), a progressive
reduction in the lymphocytes number or a rapid increase in serum lactate levels.

A blood sample (5 mL) was drawn from pregnant patients diagnosed with COVID-19
in tubes containing ethylenediaminetetraacetic acid (EDTA). The frequency and number of
CD4+ T cells, CD8+ T cells, CD19+B cells, CD16+ or CD56+, and NK cells, were measured
by flow cytometry method using human monoclonal antibodies (BD Biosciences), according
to the manufacturer's instructions. Flow cytometric acquisition was performed on a Partec
PAS flow cytometer system (Partec GmBH), and the results were analyzed using Flowjo
software (Treestar).

After delivery, two fragments of umbilical cord, amniotic membranes, and placenta
underwent fixation in 10% buffered formalin and histopathological examination in the
Pathology Department. Sections underwent routine processing, embedding, sectioning at 4
pm and staining with Hematoxylin & Eosin (H&E). For each Formalin-Fixed Paraffin-
Embedded (FFPE) tissue sample, five additional 4 pm sections were made for
immunohistochemical (IHC) assays, which were performed on the DAKO Autostainer LINK
48.

IHC antigen retrieval was performed using Target retrieval solution high pH
(prediluted, pH 9.0) for 20 minutes at 97°C. Specimens were incubated at room temperature
as it follows: for 5 minutes with Peroxidase blocking reagent, then with primary antibodies
for 20 minutes, followed by Horseradish peroxidase for 20 minutes, then with DAB
chromogen for 10 minutes and they were then counterstained with hematoxylin. The primary
antibodies (CD19, CD3, CD4, CD8 and CD56) were monoclonal, prediluted (ready to use
(RTU)), were produced by Agilent and their characteristics are mentioned in table I11.3.

Table 111.3. Commercial antibodies for immunohistochemistr

Product number Name Species Clone
IR65661-2 CD19 Mouse mAb LE-CD19
IR50361-2 CD3 Mouse mAb F7.2.38
IR64961-2 CD4 Mouse mAb 4B12
IR62361-2 CD8 Mouse mAb C8/144B
IR62861-2 CD56 Mouse mAb 123C3

In the first stage of the statistical analysis, each variable was evaluated with chi-
squared and Fisher’s exact tests for categorical variables, which were presented as frequencies
with corresponding percentages, and t-tests for continuous variables, which were presented as
means and standard deviations (SD).

A conditional logistic regression (CLR) model was applied for the evaluation of
associations between adverse pregnancy outcomes and the presence of SARS-CoV-2
infection and the adjusted odd ratios (aOR) with 95% Confidence Intervals (CI) were
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calculated for each variable of interest. A p value less than 0.05 was considered statistically
significant. The statistical analyses were performed using STATA SE (version 17, 2022,
StataCorp LLC, College Station, TX, USA).

In the second stage of the analysis, we described the immunohistochemical changes of
the umbilical cord, amniotic membranes and placental fragments for pregnant patients
infected with SARS-CoV-2.

1.3.3.3. Results

This prospective study evaluated 52 pregnant patients, segregated into two groups:
with COVID-19 (group 1, n= 26 patients), and without COVID-19 (group 2, n= 26 patients).
The clinical characteristics of the evaluated groups and the results from the univariate analysis
are presented in Table I11.4. We found a statistically significant difference between the two
groups regarding personal history of pulmonary disease (p= 0.038) and smoking habit (p=
0.037). Even though we could not find a significant difference between groups regarding their
body mass index (BMI), we noted a median value of 30 kg/m? for this index, meaning that
most pregnant patients had increased body weight.

Table I11.4. Univariate analysis of the clinical characteristics for the patients included in our study

Group 1 (with Group 2 (without
Patient’s data COVID-19, n=26 COVID-19, n=26 p value
patients) patients)
Maternal age,
years (mean and
standard 29.73+5.86 29.69+ 6.74 0.98
deviation)
Demographics . 0 Rural= 13 (50%) Rural= 11 (42,3%)
Medium (/%) ) pan=13 (50%) Urban= 15 (57,7%) 0.39
BMI, kg/m?,
(mean and
standard 30.05+ 5.99 29.93+6.11 0.47
deviation)
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Clinical Smoking (n/%) Yes=5 (19,2%) Yes= 2 (7,7%) 0.037
parameters

Pulmonary

= 0, - 0,
disease (n/%) Yes= 4 (15,4%) Yes=0 (0%) 0.038
Personal history
of thrombosis Yes=2 (7,7%) Yes=0 (0%) 0.14
(n/%)
Diabetes (n/%) Yes=1 (3,8%) Yes=0 (0%) 0.31
Thrombophilia _ 0 _ 0
(/%) Yes= 4 (15,4%) Yes=2 (7,7%) 0.38
Lower limb
varicose veins Yes=2 (7,7%) Yes=1 (3,8%) 0.55
(n/%)

Table legend: BMI- body mass index;

For patients infected with COVID-19 the most prevalent symptoms were anosmia and
cough (n=7, 26,9%), ageusia (n= 6, 23,1%), fever (n= 5, 19,2%), followed by dyspnea (n= 4,
15,4%), myalgia and joint pain (n= 3, 11,5%), and diarrhea (n=1, 3,8%). In two cases (7,7%),
the imaging examinations revealed aspects of interstitial pneumonia. The univariate analysis
of the main laboratory parameters revealed a significantly higher frequency of inflammatory
syndrome (elevated C-reactive protein, procalcitonin and ferritin) in the group of patients
diagnosed with COVID-19 compared with controls (p< 0.05) (Table I11.5).
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Table 111.5. Univariate analysis of the paraclinical parameters at admission for
patients included in our study

Group 1 (with COVID-

Group 2 (without

Laboratory parameters 19, n=26 patients) COVID-19, n=26 p value
=20 patients)
Leucocytes/mm? (mean,
standard deviation) 9730+ 3173.48 8900+ 1839.83 0.57
Neutrophils, %, (mean,
standard deviation) 76.48+ 6.99 72.36+ 6.80 0.11
Lymphocytes, %, (mean,
standard deviation) 11.96+ 6.46 13.2+4.96 0.34
Monocytes, %, (mean,
standard deviation) 5.70+ 1.59 6.62+ 0.98 0.22
Eosinophils, %, (mean,
standard deviation) 0.93+ 0.66 1.06+ 0.60 0.35
Basophils, %, (mean,
standard deviation) 0.98+0.33 1.18+0.37 0.12
Thrombocytes/mm?
(mean, standard deviation) 264,692.3+ 124,452 208,200 + 79,948.1 0.17
C- reactive protein, mg/dL
(mean, standard deviation) 13.247.35 1.47+0.29 <0.001
Procalcitonin, ng/mL
(mean, standard deviation) 5.7+6.85 0.14+0.06 <0.001
Glutamic-oxaloacetic
transaminase (TGO), U/L 55.5+ 6.82 39.4+ 2.95 0.38
(mean, standard deviation)
Glutamic pyruvic
transaminase (TGP), U/L 63.73+ 1.53 18.91+ 17.44 0.43
(mean, standard deviation)
Ferritin, ng/ml (mean, 620.05+ 248.89 134458+ 444.92 <0.001

standard deviation)

Table legend: TGO- Glutamic-oxaloacetic transaminase, TGP- Glutamic pyruvic transaminase.

Our results failed to indicate a statistically significant difference between the two
groups regarding the pregnancy outcomes: gestational age at birth (p= 0.42), birth weight (p=
0.39), mode of delivery (p= 0.56), preterm labour before 37 weeks of gestation (p= 0.22), and
neonatal intensive care unit admission (p= 0.31), respectively (Table I11.6). Only Apgar score
5 minutes was significantly lower for the first group (p=0.005), and patients with COVID-19
had a higher chance of delivering a newborn with lower Apgar score (OR: 4.11; 95%CI:
1.211-13.974). All newborns were tested for SARS-CoV-2 infection, but none of them

became positive during admission.

All patients with moderate-severe forms of COVID-19 received treatment with an
antiviral (Remdesivir), thromboprophylaxis with low molecular weight heparin (LMWH), and
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antibiotic therapy. One maternal death was recorded due to interstitial pneumonia with acute
respiratory distress syndrome, and multiorgan system failure. None of the pregnant patients
were vaccinated against COVID-19.

Table 111.6. Pregnancy outcomes for the two groups of patients included in the study

Group 1 (with Group 2 (without
Pregnancy outcomes COVID-19,n=26 COVID-19, n=26 OR and 95%Cl p value
patients) patients)

Gestational age,
weeks (mean, 38.19+1.91 38.53+1.10 0.99 (0.998-1.001) 0.42
standard deviation)
Birth weight, g

(mean, standard 3151.92+ 564.70 3189.23+ 406.08 0.70 (0.46- 1.06) 0.39
deviation)
Apgar score 5
minutes (mean, 8.38+ 0.63 8.88+ 0.58 4.11 (1.211-13.974) 0.005
standard deviation)
Mode of delivery Cesarean= 15 Cesarean= 17
(/%) (57.7%) (65.4%) 1.12 (0.320-3.924) 0.56
Vaginal= 11 (42.3%) Vaginal=9 (34.6%)
intrauterine ?r:ﬁ;‘)’)th Yes=4 (154%)  Yes=2 (7,7%) 0.32 (21023) 0.38
Preterm labour (n/%)  Yes=5 (19,2%) Yes=2 (7,7%) 0.98 (0.96- 1.00) 0.22
Neonatal intensive
care unit admission Yes=1 (3,8%) Yes= 0 (0%) 1.01 (0.98- 1.05) 0.31
(n/%)

Table legend: OR- Odds ratio; CI- confidence interval.

The pregnant patients with COVID-19 were segregated into two subgroups depending
of the form of disease: mild disease (subgroup 1, n= 14 patients), and moderate-severe disease
(subgroup 2, n= 12 patients). We compared the lymphocyte populations as determined by
immunophenotyping between subgroups using univariate analysis that is presented in table
I11.7. Our results indicated that patients with moderate- severe forms of COVID-19 had a
significantly reduced population of lymphocytes, CD4+ T cells, CD8+ T cells (only numeric),
and CD4+/CD8+ index compared with patients who presented with mild forms of COVID-19
(p< 0.05). Additionally, the populations of B lymphocytes and natural killer (NK) cells were
significantly diminished in the first subgroup (p< 0.05).

Table 111.7. Univariate analysis of lymphocyte populations among the evaluated
subgroups

Moderate-severe form Mild form (subgroup 2,

Parameters evaluated (subgrou_p 1,n=12 n= 14 patients) p value
patients)
Lymphocyte number/mm3
(mean, standard deviation) 746.0+ 429.75 1927.85+ 717.30 <0.001
Lymphocyte percentage 68.41+ 6.76 79.21+ 5.60 0.002
CD4+ T cells number/mm?3
(mean, standard deviation) 531.08+ 350.42 1538.78+ 588.09 <0.001
CDA4+ T cells percentage 32.25+11.17 0.003

47.92+ 8.85
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CD8+ T cells number/mm3

(mean, standard deviation) 275+ 248.85 950.71+ 393.79 <0.001
CD8+ T cells percentage 30.16+ 3.45 29.07+£7.16 0.31
CD4+/CD8+ index 1.12+0.55 1.77+0.63 0.005

B lymphocytes
number/mm? (mean, 101.08+ 66.37 227.5+ 141.77 0.004
standard deviation)

B lymphocytes percentage 13.58+ 3.67 11.14+ 4.89 0.08

Natural Killer cells
number/mm?2 (mean, 83.75+ 28.96 134.85+ 42.67 0.001
standard deviation)

Natural killer cells

percentage 12+1.85 8.35+4.74 0.02

The immunohistochemistry analysis of sections from umbilical cord, amniotic
membranes and placental fragments from pregnant patients with COVID-19 failed to
demonstrate positivity for the following markers: CD19, CD3, CD4, CD8 and CD56. These
antibodies were used in order to find the inflammatory cells in the analyzed tissues, as
follows: CD19 for B cells, CD3 for T cells, CD4 for T helper cells, CD8 for cytotoxic T cells
and CD56 for Natural Killer (NK) cells.

Acquired images from H&E-stained slides, as well as immunohistochemical markings
were presented in figures I11.3-5.

Figure 111.3. Selected microscopic aspects from placental sections. A. Presence of intramural
fibrin deposition and lack of inflammatory cells, H&E stain, x100 magnification. B-F. Negativity for
the immune markings: B. CD4, x100 magnification, C. CD8, x200 magnification, D. CD19, x200
magnification, E. CD3, x200 magnification, F. CD56, x200 magnification
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Figure 111.4. Histological asect of umbilical cord sectio, lacking inflammatory reactions,
H&E stain, x100 magnification

%A “ i ‘ .- z : -:-.-.i
Figure 111.5. Amniotic membrane section, without inflammatory cells, H&E stain, x100
magnification

1.3.3.4. Discussions and conclusions

In this prospective study, we assessed the immunohistochemical changes of the
umbilical cord, amniotic membranes and placental fragments, the immunophenotyping
alterations, and pregnancy outcomes in a cohort of patients with this Sars-CoV-2 infection.
Personal history of pulmonary disease and smoking habit were more prevalent for pregnant
patients with this viral infection. Regarding the patient’s symptomatology, anosmia, cough,
ageusia, and fever were the most frequently encountered manifestations at admission.

Previous research revealed similar results in terms of risk factors for COVID-19
development and its clinical picture. For example, in a Mendelian randomization study by
Yeung et al., on a large cohort of adult patients, the authors demonstrated that smoking
increased the risk of developing COVID-19 (OR: 1.19, 95% CI: 1.11-1.27), as well as the
disease severity (293). Moreover, a recent study by Radzikowska et al., that evaluated
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different SARS-CoV-2 receptors in primary human cells and tissues, demonstrated that
airway epithelium in asthma and chronic obstructive pulmonary disease (COPD) had a gene
signature that potentially can facilitate viral entry and internalization into cells (294).

Anosmia and ageusia are frequently encountered symptoms in COVID-19 patients
(295), and a recent systematic review and meta-analysis confirmed our findings regarding the
clinical manifestations of pregnant patients, by citing cough, fever, fatigue, and
anosmia/ageusia as the most commonly reported symptoms in the literature (296).

The univariate analysis of the main laboratory parameters revealed a significantly
higher frequency of inflammatory syndrome (elevated C-reactive protein, procalcitonin and
ferritin) in the group of patients diagnosed with COVID-19. As expected, the inflammatory
syndrome associated with COVID-19 was also outlined in various studies on pregnant
patients (297-299). Moreover, it was demonstrated that elevated serum levels of procalcitonin
and ferritin were associated with severe forms of disease (300, 301).

On the other hand, our results failed to indicate a statistically significant difference
between the two groups regarding the adverse pregnancy outcomes such as preterm labour
and neonatal intensive care unit admission. A multicentric cohort study by Oncel et al.,
revealed high rates of cesarean section (71.2%), prematurity (26.4%), and low-birthweight
infant rates (12.8%) for a cohort of patients with COVID-19 (302). Another retrospective
multicentric study indicated higher rated of NICU admission among offspring of symptomatic
women (303). We hypothesize that the small cohort of patients represents the main reason for
our findings in contrast with the published data.

The subgroup analysis of pregnant patients using immunophenotyping indicated that
patients with moderate- severe forms of COVID-19 had a significantly reduced population of
lymphocytes, CD4+ T cells, CD8+ T cells (only numeric), and CD4+/CD8+ index
Additionally, the populations of B lymphocytes and natural killer (NK) cells were
significantly diminished in the first subgroup. Several studies demonstrated that lymphopenia
and decreased NK cells were associated with progression to severe forms of COVID-19 in
pregnancy (304-308). Moreover, it was demonstrated that the absolute lymphocyte count
(ALC) (AUC = 0.80), and neutrophil to lymphocyte ratio (NLR) (AUC= 0.86) were highly
sensitive for progression to severe illness (306).

The lymphocytopenia could be due to viral attachment, immunological damage caused
by proinflammatory cytokines, or extravasation of circulating lymphocytes into lung tissues
(304). In a prospective study by Wang et al., that evaluated the levels of peripheral
lymphocyte subsets in 60 hospitalized COVID-19 patients, the authors demonstrated a
decrease in total lymphocytes, CD4+ T, CD8+ T, B, and NK cells, especially in severe forms.
Additionally, the authors showed a significant association between inflammatory status of
patients and decreased levels of CD8+ T cells and CD4+/CD8+ ratio (309).

Finally, our immunohistochemistry analysis of umbilical cord, amniotic membranes
and placental fragments retrieved in the third trimester of pregnancy failed to demonstrate
positivity for CD19, CD3, CD4, CD8 and CD56 markers. In a recent study by Levitan et al.,
the authors evaluated 64 placentas using immunohistochemical staining for SARS-CoV-2
nucleocapsid protein, and found that none of the specimens were positive for this marker
(310). Another study that analyzed the immunohistochemical staining of placental specimens
for various leukocytes revealed an increased CD68+ macrophages infiltration (311).

Resta et al. investigated the association between the symptoms’ severity and different
placental histological characteristics using immunohistochemical investigations for CD4 +
and CD8 + T lymphocytes, and CD68 + macrophage (286). Their authors did not observe
significant differences patients with mild of severe forms of COVID-19 and controls for CDA4.
CD8 expression was significantly higher in placentas from patients with severe forms
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compared with controls, while the CD68 expression were significantly different between the
evaluated groups.

Finally, Juttukonda et al., characterized the decidual immune response depending on
the timing of infection during gestation, and demonstrated that for an infection acquired in the
third trimester of pregnancy, decidual tissues presented significantly more macrophages
(CD14+), NK cells (CD56+), and T cells (CD3+) (312). For the infection acquired in the
second trimester of pregnancy, only T cells (CD3+) were significantly more expressed in the
evaluated placentas.

This study has the advantage of presenting the immunophenotyping and
immunohistochemical findings from pregnant patients with acquired COVID-19 infection in
the third trimester of pregnancy. However, the results outlined in this paper must be evaluated
considering the following limitations: small cohort of patients, and reduced timeframe for the
prospective assessment.

Further studies, on larger cohort of patients, could determine the extent of
immunological decidual response in patients with various forms of COVID-19, and for
different timing of infection during gestation.

1.3.4. The influence of maternal KIR haplotype on the reproductive outcomes
after single embryo transfer in IVF cycles in patients with recurrent pregnancy loss and
implantation failure- a single center experience

1.3.4.1. Introduction

The definition of recurrent pregnancy loss (RPL) varies in the literature, but one of the
most used definitions describes this disorder as the spontaneous loss of two or more
pregnancies (313). The prevalence of pregnancy loss is difficult to estimate since it depends
on how early women discover their pregnancy, the study population, and the use of multiple
criteria to diagnose this disorder. Recent reports indicate an average prevalence of recurrent
pregnancy loss between 1% and 4% of all women who achieve pregnancy (314, 315).

On the other hand, recurrent implantation failure (RIF) refers to cases in which women
have had three failed in vitro fertilization (IVF) attempts with good quality embryos (316).
The definition of RIF is also heterogeneously reported in the literature, so an accurate
epidemiological profile of this disorder cannot be properly specified. However, one recent
retrospective cohort study by Pirtea et al., on 4,429 women with anatomically normal uterus,
who underwent up to three consecutives frozen euploid single embryo transfers estimated an
RIF prevalence of less than 5% (317).

Both RPL and RIF appear to have in common a deficient maternal adaptation to the
semi-allogeneic fetus (318-321). An important element in the pathophysiology of these
illnesses is represented by the natural killer (NK) cells, and their interaction with various
ligands (322). Because of their ability to release cytokines and destroy target cells without
prior sensitization, NK cells play a fundamental role in the innate immune response. Due to
their cytotoxic nature, NK cells must be able to distinguish normal self-tissue in order to
prevent self-destruction (323). Interactions between members of the killer immunoglobulin-
like receptor (KIR) family expressed by NK cells and trophoblast human leukocyte antigen-C
(HLA-C) molecules are of special relevance in terms of allorecognition since both maternal
KIR and fetal HLA-C genes are highly variable (324).

In any pregnancy, the maternal KIR genotype could be AA (no activating KIRs), AB,
or BB (activating KIRs) (325). HLA-C ligands for KIRs are classified into two types: HLA-
Cl and HLA-C2. The inhibitory receptors KIR2DL2 (B haplotype) and KIR2DL3 (A
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haplotype) are ligands for the C1 group allotypes, while the activating KIR2DSL1 receptors are
ligands for the C2 group allotypes (B haplotype). C2 is a more potent ligand than C1 (326).

In recent years, several studies have outlined the association of various KIR
polymorphisms with infertility, and pregnancy related disorders, but there is still great
heterogeneity over the reporting of specific KIR haplotypes and their influence on the
reproductive outcomes (327-329). The aim of this study was to evaluate the influence of
maternal KIR haplotype on the reproductive outcomes after single embryo transfer in IVF
cycles in patients with recurrent pregnancy loss and implantation failure in a cohort of
patients from Romania.

1.3.4.2. Materials and methods

In this study patients with RIF and RPL who presented for consultations at Origyn
Fertility Center from lasi, Romania, were prospectively enrolled between January 2020 and
December 2022. Ethical approval for this study was obtained from the Institutional Ethics
Committee of University of Medicine and Pharmacy ‘Grigore T. Popa’ (No. 143/18.03.2019).
Informed consent was obtained from all participants included in the study. All methods were
carried out in accordance with relevant guidelines and regulations.

The inclusion criteria taken into consideration were: pregnant patients with RPL or
RIF, age > 18, with/without previous IVF procedure. We considered RPL as the spontaneous
loss of two or more pregnancies (313), and RIF as three failed in vitro fertilization (IVF)
attempts with good quality embryos (316). Exclusion criteria comprised patients who had
ectopic pregnancies, fetal intrauterine demise, fetuses with chromosomal or structural
abnormalities, incomplete medical records, or who were unable to offer informed consent.

All of the women and their partners were subjected to a comprehensive fertility
screening. This included a complete clinical history, physical examination, viral serology
(hepatitis B, hepatitis C, and human immunodeficiency virus), hormonal analysis (thyroid-
stimulating hormone- TSH, free thyroxin- fT4, anti-thyroid peroxidase antibodies ATPO,
anti-mullerian hormone- AMH, and 25-hydroxy vitamin D- 25(OH)D), male sperm analysis,
and pelvic ultrasound.

The following tests were performed: parental karyotype, thrombophilic disorders
screening, immunological screening for anticardiolipin and anti-b-2-glycoprotein, and lupus
anticoagulant.

A blood sample (5 mL) was drawn from each participant in tubes containing
ethylenediaminetetraacetic acid (EDTA). DNA was extracted, and KIR typing was performed
using polymerase chain reaction with sequence-specific primers (PCR/SSP) for the following
KIRs: 2DL1, 2DL2, 2DL3, 2DL4, 2DL5, 2DS1, 2DS2, 2DS3, 2DS4, 2DS4N, 2DS5, 3DL1,
3DL2, 3DL3, 3DS1, 2DP1 and 3DPL1. If any of the genes, 2DL2, 2DL5, 3DS1, 2DS1, 2DS2,
2DS3, and 2DS5, were present, the genotype was accepted as B. When none of these were
present, the genotype was accepted as AA.

The HLA-C genotypes were also investigated using PCR analysis. The HLA-C genes
of all partners or egg donors were analyzed and classified as C1 HLA-C or C2 HLA-C. All
HLA-C alleles found in populations are classified as C1 or C2, depending on which amino
acid (asparagine or lysine) is present at position 80 of the HLA-C molecule. KIRs bind to the
HLA-C molecules in this site, to the KIR binding C1 or C2 epitope. The genetic testing for
both KIR and HLA-C was performed at ‘Queen Mary’s’ Genetic Center from Bucharest,
Romania.

We chose to use a theoretical score proposed by Alecsandru et al. (324), and defined
as the number of C2 alleles from both gamete providers, multiplied by the number of embryos
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transferred, minus the number of C2 alleles held by the mother for evaluation of excessive
maternal HLA-C2 presence.

We included in this study 108 patients out of 123 patients initially evaluated, and we
divided them into three subgroups: subgroup 1 (AA genotype, n= 31), subgroup 2 (BB
genotype, n=72), and subgroup 3 (AB genotype, n=5). The following reproductive outcomes
were assessed: the pregnancy rate, the miscarriage rates, and the live birth rates. These
reproductive outcomes were further segregated depending on the mode of achieving a
pregnancy (IVF or spontaneous).

In the first stage of the statistical analysis, each variable was evaluated with chi-
squared and Fisher’s exact tests for categorical variables, which were presented as frequencies
with corresponding percentages, and t-tests for continuous variables, which were presented as
means and standard deviations (SD).

ANOVA analysis with the Bonferroni post-hoc test was used to determine whether or
not there is a statistically significant difference between the subgroups regarding their
paraclinical characteristics. The statistical analyses were performed using STATA SE
(version 17, 2021, StataCorp LLC, College Station, TX, USA).

A conditional logistic regression (CLR) model was applied for the evaluation of
associations between reproductive outcomes and KIR haplotypes and the adjusted odd ratios
(@aOR) with 95% Confidence Intervals (CI) were calculated for each variable of interest. A p
value less than 0.05 was considered statistically significant.

1.3.4.3. Results

A total of 108 patients were evaluated in our prospective study. Their clinical
characteristics are presented in table 111.8, segregated into the following groups: RPL (group
1, 30 patients), and RIF (group 2, 78 patients). The personal history of systemic lupus
erythematosus (SLE)/antiphospholipid syndrome (APS) (p= 0.005), thrombophilia (p=
0.002), and thrombosis (p= 0.008) were significantly more prevalent in the group of patients
with recurrent pregnancy loss.

Table 111.8. Clinical characteristics of the patients included in the main groups

Patient’s characteristics  Group 1 (RPL, n=30) Group 2 (RIF, n=78) P value

Age, years (mean + SD) 33.56+ 3.95 33.92+4.23 0.69

Urban= 16 (53.3%)  Urban= 35 (44.9%)

1 0
Medium (n/ %) Rural= 14 (46.7%)  Rural= 43 (55.1%%)  0.43

Obesity (n/ %) Yes= 8 (26.7 %) Yes= 19 (24.4%) 0.80
Hypertension (n/ %) Yes= 3 (9%) Yes=7 (10%) 0.86
Renal disease (n/ %) Yes=0 (0%) Yes= 2 (2.6%) 0.37

Diabetes (n/ %) Yes=1 (3.3%) Yes=2(2.6%) 0.82

SLE/APS (n/ %) Yes= 7 (23.3%) Yes=4(51%) 05
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Thrombophilia (n/ %)
Thrombosis (n/ %)
Endometriosis (n/ %)
Autoimmune thyroiditis (n/ %)
Rheumatoid arthritis (n/ %)

Autoimmune thrombocytopenic
purpura (n/ %)

Table legend: RPL- recurrent pregnancy loss; RIF: recurrent implantation failure; SD- standard

Yes= 6 (20%)
Yes=5 (16.7%)
Yes=7 (23.3%)

Yes= 6 (20%)

Yes= 0 (0%)

Yes= 0 (0%)

Yes= 2 (2.6%)
Yes=2 (2.6%)
Yes= 22 (28.2%)
Yes= 8 (10.3%)

Yes=1 (1.3%)

Yes=1 (1.3%)

deviation; APS- antiphospholipid syndrome; SLE- systemic lupus erythematosus;

The paraclinical characteristics of the main groups are presented in table 111.9. Our
results indicated that the serum levels of ATPO were significantly higher in the RPL group
compared to RIF group (140.32+ 378.48 versus 50.89+ 156.99 Ul/mL, p= 0.005). Moreover,
the vitamin D serum levels were significantly lower in the RPL group compared to RIF group
(32.76+ 21.98 versus 39.91+ 20.13 ng/mL, p= 0.006). Although the prevalence of AA
haplotypes was higher in the RPL group, and the prevalence of AB haplotype was higher in

the RIF group, the difference was not statistically significant.

0.002

0.008

0.60

0.17

0.55

0.55

Table 111.9. Paraclinical characteristics of the patients included in the main groups

Patient’s characteristics

Group 1 (RPL, n=230)

Group 2 (RIF, n=78) P value

AA haplotype (n/ %)

AB haplotype (n/ %)

BB haplotype (n/ %)

Maternal HLA- C1/C2 (n/ %)

Maternal HLA- C2/C2 (n/ %)

Maternal HLA- C1/C1 (n/ %)

Partner’s HLA- C1/C2 (n/ %)

Partner’s HLA- C2/C2 (n/ %)

Partner’s HLA- C1/C1 (n/ %)
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Yes= 10 (33.3 %)

Yes= 0 (0%)

Yes= 20 (66.7%)

Yes= 14 (46.7%)

Yes=7 (23.3%)

Yes= 31 (39.7%)

Yes= 18 (60%)

Yes=2 (6.7%)

Yes= 10 (33.3%)

Yes= 21 (26.9 %)

Yes= 4 (5.71%)

Yes= 53 (66.7%)

Yes= 33 (42.3%)

Yes= 14 (17.9%)

Yes= 14 (17.9%)

Yes= 43 (55.1%)

Yes= 13 (16.7%)

Yes= 22 (28.2%)

0.51

0.20

0.99

0.68

0.52

0.20

0.64

0.17

0.60



Score (mean + SD) 0.73+£0.58 0.85+ 0.67 0.37

TSH, pUI/mL, (mean £ SD) 2.10+1.07 1.88+0.98 0.33
fT4, pmol/L, (mean £+ SD) 11.48+ 4.18 12.88+ 3.77 0.14
ATPO, Ul/mL, (mean £ SD) 140.32+ 378.48 50.89+ 156.99 0.005
Vitamin D, ng/mL, (mean + SD) 32.76+21.98 39.91+ 20.13 0.006
AMH, ng/mL, (mean + SD) 2.98+2.18 2.89+ 1.99 0.41

Table legend: RPL- recurrent pregnancy loss; RIF: recurrent implantation failure; SD- standard
deviation; TSH- thyroid stimulating hormone; fT4- free thyroxine; ATPO- anti-thyroid peroxidase antibodies;
AMH- anti-mdllerian hormone.

We further comparatively analyzed the paraclinical characteristics of the following
subgroups: subgroup 1 (AA genotype, n= 22), subgroup 2 (BB genotype, n= 94), and
subgroup 3 (AB genotype, n= 88) (Table I11.10). The ANOVA analysis with the Bonferroni
post-hoc test indicated that there is no statistically significant difference in terms of variance
between the exanimated subgroups regarding their clinical parameters.

Table 111.10. Comparison of paraclinical characteristics for the patients included in the analyzed

subgroups
Sum of Squares Mean Square F score P value

Score Between Groups 0.427 0.213 0.496 0.611
TSH Between Groups 1371 0.685 0.667 0.516
fT4 Between Groups 4.656 2.328 0.149 0.861
ATPO Between Groups 22904.490 11452.245 0.201 0.818
AMH Between Groups 3.024 1.512 0.360 0.698
Vitamin D Between Groups 250.316 125.158 0.473 0.625

Table legend: TSH- thyroid stimulating hormone; fT4- free thyroxine; ATPO- anti-thyroid peroxidase
antibodies; AMH- anti-mdllerian hormone.

A comparison of reproductive outcomes was presented in table I11.11. Our results
indicated that miscarriage rate was significantly lower (6.9%, p= 0.018), and the live birth
rate (87.5%) was significantly higher for BB haplotype compared to other haplotypes. On the
other hand, no statistically significant difference could be determined between haplotypes
regarding the pregnancy rate.
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Table 111.11. Comparison of reproductive outcomes between patients with various haplotypes

Reproductive outcome AA AB BB P value
PR 25 (80.6%) 4 (80%) 68 (94.4%) 0.08
MR 7 (22.6%) 1 (20%) 5 (6.9%) 0.018
LBR 18 (58.1%) 3 (60%) 63 (87.5%) 0.003

Table legend: PR- pregnancy rate; MR: miscarriage rate; LBR- live birth rate.

The reproductive outcomes were further comparatively analyzed based on the KIR
genotype (Table 111.12). Patients with an AA haplotype had significantly more chances of
miscarriage if they underwent an IVF procedure (aOR: 4.15, 95%CI: 1.39- 6.50, p= 0.032)
compared with those who spontaneously achieved a pregnancy. The chances of obtaining a
pregnancy were also significantly higher for those patients with an AA haplotype who
underwent an IVVF procedure (aOR: 2.57, 95% CI: 0.85- 6.75, p= 0.023), but at the same time
live birth odds did not significantly differ between the evaluated haplotypes.

Table 111.12. Comparison of reproductive depending on the mode of achieving a pregnancy for the
patients included in the analyzed subgroups
MR (Odds ratio, 95%CI lower limit- upper limit)

Kir haplotype LBR
S IVF P value
AA 2.36 (0.84- 8.38) 4.15 (1.39- 6.50) 0.032
AB 0.70 (0.46- 1.06) 1.01 (0.98- 1.05) 0.314
BB 0.43 (0.16- 1.14) 0.98 (0.96- 1.00) 0.051

PR (Odds ratio, 95%CI lower limit- upper limit)

Kir haplotype

S IVF P value
AA 1.04 (0.97-1.11) 2.57 (0.85- 6.75) 0.023
AB 1.01 (0.98- 1.05) 1.03 (0.97-1.08 0.251
BB 0.98 (0.96- 1.00) 1.15 (0.74- 1.78) 0.518

Kir haplotype

LBR (Odds ratio, 95%CI lower limit- upper limit)

IVF

P value
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AA 0.51 0.18 1.44] 0.84 0.64 1.09 0.174

AB 075 012 459| 094 030 292 0.759

BB 1.12 0.94 1.34] 1.62 0.27 6.70 0.189

Table legend: PR- pregnancy rate; MR: miscarriage rate; LBR- live birth rate; S- spontaneous
pregnancy; IVF- pregnancy obtained by in vitro fertilization.

1.3.4.4. Discussion

In this prospective study, we have assessed the influence of maternal KIR haplotypes
on reproductive outcomes after single embryo transfer in IVF cycles in patients with recurrent
pregnancy loss and implantation failure. Our results indicated that miscarriage rate was
significantly lower (6.9%, p= 0.018), and the live birth rate (87.5%) was significantly higher
for BB haplotype compared to other haplotypes. On the other hand, when we stratified the
reproductive outcomes using the modality of achieving a pregnancy, patients with an AA
haplotype had significantly more chances of miscarriage if they underwent an I\VF procedure
(aOR: 4.15, 95%CI: 1.39- 6.50, p= 0.032) compared with those who spontaneously achieved
a pregnancy. Moreover, it appeared that the same haplotype increased the chances of
obtaining a pregnancy for patients who underwent an IVF procedure (aOR: 2.57, 95% CI:
0.85- 6.75, p=0.023).

These findings are complementary to those published in previous literature. For
example, in a retrospective study by Alecsandru et al.(330), on a cohort of 291 women, with
recurrent miscarriage (RM) or RIF, who underwent 1304 assisted reproductive cycles, the
authors evaluated the influence of maternal KIR haplotype on the pregnancy, miscarriage
rates and live birth rates after single (SET) or double embryo transfer (DET) when
categorized by the origin of the oocytes. The authors identified higher rates of early
miscarriage per cycle after DET with the patient’s own oocytes in mothers with the KIR AA
haplotype (22.8%) followed by those with the KIR AB haplotype (16.7%) compared with
mothers with the KIR BB haplotype (11.1%) were observed (p= 0.03). However, they could
not confirm the same findings on the SET cohort of patients.

Another study by Alecsandru et al. (324), with a prospective design, evaluated the
reproductive outcomes in 204 patients who underwent IVF according to maternal KIR genes
expressed by uterine natural Killer cells and paternal or oocyte donor HLA-C genes. The
authors identified a higher miscarriage rate after DETs in KIR AA mothers (47.8% egg
donation and 37.5% in IVF) compared with KIR AB (10.5% egg donation and 12.5% IVF) or
KIR BB (6.7% egg donation and 0% IVF). Moreover, they observed a significantly decreased
LBR after DETs with oocyte donation in KIR AA patients (4.3%) compared with KIR AB
(26.3%) or BB (46.7%), and further decrease in the LBR as the fetal HLA-C2 load increased
in KIR AA women.

In this study we did not have access to miscarriage tissue not have the possibility to
test the newborns for HLA-C genotyping. Our results showed that there was not statistically
significant difference regarding the parental HLA-C genotypes between groups of patients
with RIF and RPL. For this reason, the theoretical score proposed by Alecsandru et al.(324),
that we chose to use for analysis, did not significantly differ among our groups.

On the other hand, a recent case-control study on 140 patients, investigated the
association between KIR gene polymorphisms and unexplained recurrent pregnancy loss. The
authors demonstrated that the KIR 2DL1, 2DL2, 2DL3, 2DL4, 2DS1, 2DS2, 2DS4, and 2DS5
polymorphisms, as well as Bx haplotypes were associated with URPL (323). In our study the
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BB haplotype had equal prevalence in the RPL and RIF groups (66.7%), and no statistically
significant difference between these groups could be determined regarding this aspect.

The recent literature outlined the immunological background for both RPL and RIF
(319, 320, 331-334), and in this study we also evaluated if the personal history of
autoimmune disorders varies in these cohorts of patients. The clinical data indicated that the
personal history of SLE/ APS, thrombophilia, and thrombosis were significantly more
prevalent in the group of patients with recurrent pregnancy loss.

A systematic review and meta-analysis indicated that pregnant women with hereditary
thrombophilia have an increased risk of RPL, especially in the presence of G1691A mutation
of the factor V Leiden (FVL) gene, the G20210A mutation of the prothrombin gene (PGM),
and deficiency of protein S (PS) (335). On the other hand, autoimmune disorders such as
rheumatoid polyarthritis, autoimmune thyroiditis, and autoimmune thrombocytopenic purpura
were not significantly associated with RPL or RIF.

An interesting finding resulted from the analysis of paraclinical characteristics of the
evaluated patients. Our findings outlined that the serum levels of ATPO were significantly
higher in the RPL group compared to RIF group, and that the vitamin D serum levels were
significantly lower in the RPL group compared to RIF group.

In a case-control study by Yan et al., the authors compared the serum levels of vitamin
D and the vitamin D receptors (VDR) expression in the chorionic villi and decidua, obtained
during surgical evacuation of uterus of 40 women with RPL (336). Their results indicated a
reduced serum level of vitamin D, as well as reduced VDR expression in the chorionic villi
and decidua of patients with RPL. Moreover, a recent literature review suggested vitamin D
supplementation might be beneficial for patients with RPL, although stronger evidence is
needed before including this substance in the therapeutic scheme (337).

One of the limitations of our study is represented by the small sample size, which can
constitute a selection bias. Also, the heterogeneity of the clinical and paraclinical findings
constitutes a limitation in the relationship with the above-mentioned caveats. A greater cohort
of patients recruited from multiple centers would allow for a more comprehensive picture of
the issue.

1.3.4.5. Conclusions

Adverse reproductive outcomes are becoming more prevalent nowadays, especially in
the context of an ascending trend of assisted reproductive techniques. It is important to clearly
determine the association between clinical and paraclinical risk factors and adverse
reproductive outcomes, as this would allow and improved patient’s management.

This is the first prospective study that evaluated the influence of maternal KIR
haplotypes on reproductive outcomes after single embryo transfer in IVF cycles in patients
with recurrent pregnancy loss and implantation failure from Romania.

Our results indicated that patients with an AA haplotype had significantly more
chances of miscarriage if they underwent an IVF procedure, and it appeared that the same
haplotype increased the chances of obtaining a pregnancy for patients who underwent an IVF
procedure.

In this study we found out that the serum levels of vitamin D were significantly lower
in the RPL group compared to RIF, suggesting that vitamin D supplementation might be
beneficial for this category of patients, although further research is needed.
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Chapter 4: COVID-19, thrombosis and vasculopathy- is there a link?

1.4.1. State of art

COVID-19, the disease caused by the SARS-CoV-2 virus, has been associated with an
increased risk of thrombosis and vascular complications. Thrombosis has been reported in
patients with severe COVID-19, particularly those requiring hospitalization in intensive care
units (ICUs) (338). Additionally, vascular complications such as arterial and venous
thromboembolism, stroke, and myocardial infarction have been observed in some COVID-19
patients.

There are several mechanisms that may contribute to the increased risk of thrombosis
and vascular complications in COVID-19 (339). One of the main mechanisms is thought to be
the activation of the coagulation system and inflammation due to the virus-induced cytokine
storm. The cytokine storm causes an imbalance in the coagulation system, leading to a
hypercoagulable state and the formation of blood clots. The virus may also directly infect
endothelial cells, leading to endothelial dysfunction, inflammation, and damage to blood
vessels.

Several studies have reported an association between COVID-19 and thrombosis. A
meta-analysis of 17 studies involving over 4,000 patients with COVID-19 found that the
incidence of venous thromboembolism was 14.1%, and the incidence of arterial thrombotic
events was 3.6% (340). The risk of thrombosis was found to be higher in patients with severe
COVID-19 and those requiring ICU admission (341).

The use of anticoagulation therapy has been proposed as a potential treatment option
for COVID-19 patients with thrombosis and those at high risk of thrombosis. However, the
optimal duration and dosing of anticoagulation therapy in COVID-19 patients is still unclear
and requires further research (342).

In addition to thrombosis, COVID-19 has also been associated with vasculopathy, or
damage to blood vessels (343). The virus may directly infect endothelial cells, leading to
endothelial dysfunction and inflammation. This may contribute to the development of
vascular complications such as stroke, myocardial infarction, and pulmonary embolism.

In summary, there appears to be a link between COVID-19, thrombosis, and
vasculopathy. The mechanisms underlying this association are still being studied, and further
research is needed to fully understand the relationship between COVID-19 and vascular
complications. Clinicians should remain vigilant for the development of thrombosis and
vascular complications in COVID-19 patients and consider anticoagulation therapy in high-
risk patients.

Personal contributions:

1. Luca MC, Loghin II, Mihai IF, Popa R, Vata A, Manciuc C. Liver Damage
Associated with SARS-CoV-2 Infection-Myth or Reality? J Pers Med. 2023 Feb
17;13(2):349. doi:  10.3390/jpm13020349. PMID: 36836583; PMCID:
PMC9965594.

2. Loghin II, Mihai IF, Rosu MF, Diaconu IE, Vata A, Popa R, Luca MC.
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1.4.2. Characteristics and trends of COVID-19 infection in a tertiary hospital in
Romania: a retrospective study

1.4.2.1. Introduction

The end of 2019 brought to the fore a new coronavirus that infects humans, called
SARS-CoV-2, that emerged in Wuhan and rapidly spread to other regions of China and
around the world (344). COVID-19, the name of the disease caused by this pathogen, is
described as a complex spectrum of signs and symptoms, such as cough, shortness of breath,
sore throat, in association with fever, also adding anosmia, ageusia, and gastrointestinal
symptoms such as nausea, vomiting, and diarrhea, by various severity degrees (345).

On 11 March 2020, the World Health Organization (WHO) characterized COVID-19
as a pandemic disease and public health threat of international interest (346), in the context of
the excessive increase in the number of COVID-19 confirmed cases with a wide geographical
distribution (347).

Regarding the appearance of COVID-19 in Romania, the first case was confirmed on
26 February 2020 in county Gorj, of a person who was in close contact with a citizen from
Italy, the most endemic area at that time (290). Since then, until the time when this article was
written (3 September 2022) in Romania, there have been 3,224,382 cases of COVID-19 and
66,751 deaths with a total number of 609,584,678 cases worldwide and 6,501,648 deaths
globally.

Regarding pathogenesis, the SARS-CoV-2 enters the human body being transmitted
by a respiratory way and infects human cells. Later, the infection stage is reached by binding
to the cell surface protein angiotensin-converting enzyme 2 (ACE2) through the Receptor
Binding Domain (RBD) of its spike (S) protein. Finally, it infiltrates and circulates in the cells
of the immune system. In addition, the cellular transmembrane serine protease 2 (TMPRSS2)
is required for the priming of the virus S protein (265, 294). At the epithelial cells, a complex
mechanism can occur through the invasion of SARS-CoV-2 with ACE-2 receptors such as
renal distal tubules, the hepatocytes, pancreas cell, and the mucosa of the intestine (348). At
the same time, noble organs can be affected, such as the brain, heart, and spleen, but also the
lymphatic system (lymph nodes and other lymphoid tissues) (349).

Since the beginning the COVID-19 pandemic, numerous mutations of the SARS-
CoV-2 have been identified, but it turns out that only a few managed to modify the immune
features of the virus. The most significant variants influencing the function of the virus
originated in the United Kingdom, South Africa, Brazil, and India (350). They were named
using the letters of the Greek alphabet, namely Alpha (B. 1. 1. 7), Beta (B. 1. 351), Gamma
(P. 1), Delta (B. 1. 617. 2), and Omicron (B. 1. 1. 529).

The Alpha strain (B1.1.7 or British variant) was discovered In September 2020 and
represents one of the first distinct variants. The second variant of the coronavirus, the Beta
variant (B.1.351), was detected in South Africa on 20 May 2020. The Beta variant was also
the first to generate discussion about the effectiveness of vaccines against virus mutations.
The Gamma strain, the third variant of the coronavirus, was detected in Brazil in November
2020. The fourth variant of the coronavirus was detected in India in October 2020. Called
Delta, it is the most virulent strain, which has generated a new wave pandemic despite the fact
that in most of the developed countries the vaccination process had begun. The last strain,
Omicron (B. 1.1. 529), was described in November 2021 in South Africa (351).

All these strains represent mutations of the SARS-CoV-2 from the beginning of the
pandemic until now. Some of these, due to their increased transmissibility, high mortality, or
hospitalization rates, have been called variants of concern (352)
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The Delta variant is one of the variants of concern strain of the SARS-CoV-2.
Globally it is considered the determining agent of the most severe wave of diseases. At the
same time, the Delta variant caused the highest number of deaths of COVID-19, among all
other strains (353).

More than two and half years after the pandemic, we have learned that the clinical
picture can range from asymptomatic forms or forms with mild or moderate symptoms to
severe or critical cases (354). The clinical features include a wide variety of manifestations,
from respiratory symptoms, digestive symptoms, or skin rashes, to neurological damage
(355). Studies have shown that some groups of patients were treated at home or they were
outpatients and others who developed a moderate to severe illness requiring mechanical
ventilation were hospitalized in intensive care departments.

A high mortality was recorded in cases which associated multiorgan dysfunction
syndrome (356). SARS-CoV-2 has affected infants, adolescents, and adults, people without
comorbidities or with various underlying diseases (357). The need to discover a vaccine
which can induce SARS-CoV-2 specific neutralizing antibodies was the perfect and
imperative solution in the absence of a specific treatment targeting life cycle of SARS-CoV-2
(358).

During the pandemic, great efforts were made to establish a national protocol for
follow-up, diagnosis, and treatment of patients with SARS-CoV-2 infection. The research
teams, doctors, and health and governmental institutions updated and made decisions based
on the increased number of cases in each wave, as well as the identification of the
predominant circulating strain, all this to ensure the good health of population in each
territory, to keep the situation under control, to inform citizens, in order to remove some panic
situations. Moreover, specific vaccines were launched, which were administered in a
controlled manner. At the same time, SARS-CoV-2 testing was instituted in large
communities with medical activity, in school communities, or among tourists.

In the context of a paradoxical, enigmatic, and relentless COVID-19, the objective of
the current study was to evaluate the characteristics and the evolution of patients with SARS-
CoV-2 infection, hospitalized in “St. Parascheva” Clinical Hospital of Infectious Diseases
(lasi, Romania).

1.4.2.2. Materials and methods

We conducted a retrospective study using the medical database recorded between July
and November 2021 in order to assess the characteristics and evolution of SARS-CoV-2
infection in patients belonging to the northeastern region of Romania.

In our study the inclusion criteria represented all in-patients confirmed with COVID-
19 by reverse transcriptase-polymerase chain reaction (RT-PCR), hospitalized in the “St.
Parascheva” Clinical Hospital of Infectious Diseases, lasi in the previously mentioned period.
The exclusion criteria in our study were patients that had a negative result in RT-PCR for
SARS-CoV-2 infection.

The analysis included demographic data, medical history, clinical, laboratory and
imagistic findings, the treatment administered, and patient’s evolution. The positive
diagnostic was established after RT-PCR tests performed in our hospital molecular biology
laboratory or in approved accredited laboratories from lasi, Romania.

Study limitations: this is a retrospective study based on medical records, laboratory,
and imagistic findings; furthermore, the identification of circulating variants was not possible
in all cases, due to limitations related to the availability of RT-q PCR Kits for detection of
SARS-CoV-2 in the molecular biology laboratory of the “St. Parascheva” Clinical Hospital of
Infectious Diseases, lasi.
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1.4.2.3. Results

During July to November 2021, a total of 1732 SARS-CoV-2 infected patients with
complete dataset were admitted at “St. Parascheva” Clinical Hospital of Infectious Diseases in
lasi.

The demographic characteristics of the patients (table 1V.1) show that the mean age
was 67 £ 3.4 years, most of the patients affected being aged 6574 years old (474 cases;
27.36%). Predominantly, the patients in our study were over the age of 50, having associated
multiple comorbidities with deficient immunity, this age group being likely to develop
moderate-severe forms of COVID-19. The lower percentage of patients (16.95%) in our study
was represented by group age of young adults (18-44 years old) and pediatric ones (under 18
years), which we correlated with a better immune status, in the absence of an underlying
disease. Feminine gender was most affected, compared with the masculine gender (987 cases;
56.99% vs. 745 cases; 43.01%). Most cases were from urban areas (982 patients; 56.70%)
compared to rural areas (750 patients; 43.30%).

Table IV.1. Demographic characteristics of patients

Characteristics Number %
Total Patients 1732 100
Mean 67 + 3.4 years

0-14 years 52

15-24 years 29

25-34 years 57

Age (years) 35-44 years 157
45-54 years 247

55-64 years 323

65—74 years 474

>75 years 393

Female 987

Gender Male 745
Urban 982
Residence Rural 750

Of the 1732 hospitalized patients, 1242 (71.71%) patients had at least one underlying
disease, such as cardiovascular pathology: hypertension (527 cases; 30.42%), atrial
fibrillation (62 cases; 3.57%), heart failure (105 cases; 6.06%), chronic peripheral venous
insufficiency (56 cases; 3.32%); metabolic pathology: diabetes (285 cases; 16.45%), mostly
type 2, obesity (343 cases; 19.80%), chronic kidney disease (78 cases; 4.50%); but also
oncological pathology (87 cases; 5.02%) (figure IV.1).
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Figure 1V.1. Associated pathologies in our patients

The first clinical symptoms at the majority of patients with SARS-CoV-2 infection
were: physical asthenia (99.88%) in varying degrees, fever (1230 cases; 71.01%), cough (982
cases; 56.69%), chest pain (870 cases; 50.23%), sore throat (930 cases; 53.69%), but also
myalgia (675 cases; 38.98%), arthralgia (564 cases; 32.56%), anosmia (431 cases; 24.88%),
ageusia (232 cases; 13.39%), abdominal pain (482 cases; 27.82%), diarrhea (387 cases;
22.34%), and loss of appetite (1110 cases; 64.08%), (see figure 1V.2) with an average
duration from onset to hospitalization of 7 + 3 days. Regarding the clinical stage of the
disease, in our study, the moderate form predominated (814 cases; 47%). There were also 669
severe forms (38.63%) and 249 mild forms (14.38%).
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56.69% 50.23% 38.97% 64.08%
36.08% 32.56% 24.88% 13.39% 27.32% 22.34%
@ \\é Q‘é\ & > Q2 P 2 'i>’b Q& i .xZ
,§®Q & o Q::}Q'b j @,\o @*q}"o \\‘Q}%\ ooe,é‘ p 0‘%\) &}Q’b § 'é& QQV}\
> & o & ® 606‘\ "5‘%
O N

Figure 1VV.2. Symptoms at patients from our study

Each patient in the study was examined paraclinically (hematological, biochemical,
serological) and by imaging (computer tomography or chest radiography). The most frequent
anomalies that we could observe in this study were the decreased number of white blood cells
and lymphopenia, elevated liver-function values and inflammatory markers (CRP and LDH
levels) and thrombocytopenia.

During the period of our study, in Romania, the dominant spreading variant was Delta.
Therefore, the sequencing was performed especially in severe cases, the Delta variant (B. 1.
617. 2) being identified by RT-PCR in 282 patients.

The necessary imaging investigations included, for each patient, lung radiography or
chest computer tomography. The most pulmonary imaging changes were found in 1042
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(60.16%) cases, such as viral pneumonia 850 (49.07%) cases, interstitial pneumonia 138
(7.97%) cases, bronchopneumonia 38 (2.20%) cases, and 18 (1.03%) cases of lobar
pneumonia.

Biological therapy with tocilizumab and anakinra, antivirals such as remdesivir and
favipiravir, and new monoclonal antibody therapies were used as treatment for these patients.
Most of them received antivirals (56.76%), biological therapy (20.09%), monoclonal antibody

therapy (0.58%), and in 8.66% of cases were used both antivirals and biologic therapy (figure
IV.3).

ANTIVIRAL AND BIOLOGICAL THERAPY

ANTIVIRAL THERAPY

MONOCLONAL ANTIBODY THERAPY

0.58%

BIOLOGICAL THERAPY

20.09%

Figure 1V.3. Therapies used in SARS-CoV-2 infection

In all cases, pathogenic and symptomatic treatment was associated. Most received
anticoagulant treatment according to current guidelines and intravenous rebalancing infusions.
In the case of patients with comorbidities, chronic treatment was also administered during
hospitalization, and patients with acute respiratory failure needed oxygen therapy.

The median length of hospitalization was 9.5 days; 1359 (78.46%) patients were
discharged cured, 48 (2.77%) were transferred to other services by decompensating the
associated pathologies, 302 (17.43%) patients needed extensive support in the intensive care
unit, and there were 325 (18.76%) deaths (figure 1V.4).

18.76%

m SURVIVORS
DEATHS

Figure 1V.4. Evolution of the cases with SARS-CoV-2 infection in our study (deaths and survivors)
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The most frequent deaths were recorded in the 65—74 age group (30.15%) and over 75
years old (45.84%), predominantly among male patients (55.69%) from urban area (63.38%),
(table 1V.2). The underlying diseases often registered in the death’s cases were hypertension
(41.84%), obesity (16.30%), and diabetes mellitus (14.46%). The applied treatment in severe
cases, according to the national protocol, involved administration of dexamethasone,
remdesivir, anakinra, tocilizumab, monotherapy, or other associated treatments. In addition,
these patients received anticoagulants and additional high-flow nasal oxygen. In cases of
acute respiratory distress syndrome, noninvasive ventilation and endotracheal intubation were
used.

Table 1V.2. Characteristics of death cases in our study

Characteristics | Number | %
Deaths
| 325 \ 100
Age (years)
0-14 years 0
15-24 years 0
25-34 years 0 -
35-44 years 3 0.92%
45-54 years 21 6.64%
55-64 years 54 16.61%
65—74 years 98 30.15%
>75 years 149 45.84%
Gender
Female 144 44.30%
Male 181 55.70%
Residence
Urban 206 63.38%
Rural 119 36.62%

1.4.2.4. Discussions

In early December 2019, 41 cases of respiratory infection were evaluated and
confirmed positive by RT-PCR for COVID-19, then named “2019-nCoV” (359). In those
moments, probably no one had any idea of the impact that the new virus would produce.

Since the beginning of the pandemic, around the world, multiple cases of SARS-CoV-
2 infection have been reported with various strains that have emerged and put pressure on
public health system by rapidly spreading and potentially evading immune protection through
vaccination (360). Genetic mutations were acquired faster than expected because previous
coronaviruses usually mutate at lower rates compared with other RNA viruses, such as
influenza and HIV (361).

Three months after the appearance of the first cases in Wuhan, Romania reported on
26 February 2020 the first case of SARS-CoV-2 infection in the national territory, a 20-year-
old male patient from Gorj county. This person came in close contact with a citizen from Italy
who had been newly diagnosed with coronavirus and recently visited Romania (362). From
then until the hospitalization of the first case with SARS-CoV-2 infection in the “St
Parascheva” Clinical Hospital of Infectious Diseases, in lasi, was a matter of a few days.
Thus, on 4 March 2020, a 71-year-old man, who had returned from Lombardy complaining of
respiratory symptoms, was confirmed to have COVID-19 and became the first patient
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hospitalized in our clinic (290). Starting that time and until now, more than 10,000 COVID-
19 patients have required hospitalization in our hospital.

The period to which the present study refers coincides with the 4th wave of SARS-
CoV-2 infection in Romania, in which the dominant spread variant was Delta (B. 1. 617. 2),
with most severe forms of COVID-19 and a high death rate recorded.

In the current study, we analyzed the clinical characteristics, treatment, and evolution
of patients with SARS-CoV-2 infection admitted at “St. Parascheva” Clinical Hospital of
Infectious Diseases in lasi, for a period of 5 months (between July and November 2021),
including in the study all patients with a diagnosis of COVID-19 confirmed by RT-PCR. In
that period, the share of moderate cases of SARS-CoV-2 infection constituted almost half
(47%) of the total number of studied cases. According to a large study from China, more than
80% of confirmed cases of coronavirus are not severe forms. However, even such a long
persistence of symptoms could make the epidemic more difficult to control (363).

Statistics show that the elderly were the most susceptible category to COVID.
Regarding the gender distribution, globally, there is no clear trend regarding the
predisposition to infection with COVID-19. However, in the vast majority of countries, a
clear pattern of mortality emerged; men appear more likely than women to die from COVID-
19 once infected. In the present study, the majority of those affected were over 60 years old.
The female gender and people from urban areas predominated. The number of deaths
recorded during the study period was 325, 165 (50.77%) being male patients.

The predominance of the urban environment may be because of large population,
public transit, and crowded travel conditions. Several studies showed that the current socio-
geographical context of some countries can lead to an increased number of COVID-19 cases,
and this was also observed in our region. Tourism was the main cause involved in SARS-
CoV-2 infection spreading, therefore travelers developed a higher risk of infection (364).

COVID-19 can affect anyone, young or adult, with or without associated pathologies.
However, advanced age and the presence of associated diseases may represent major factors
in developing of severe stages and for increasing death rates (365, 366). According to our
study, severe infection was observed in older patients with COVID-19 and in 1242 (71.71%)
cases was found at least one associated disease.

Respiratory impairment, represented by cough and febrile episodes, was encountered
in most cases, while other patients presented different symptoms, such as diarrhea, anosmia,
and ageusia, but in a smaller percentage. If we refer to the changes in laboratory values, the
most frequent anomalies that we could observe in this study were the leukopenia and
lymphopenia, as well as the increase in CRP and LDH levels, data consistent with most
studies (295, 367).

Since the start of the COVID-19 pandemic, scientists have conducted numerous
studies to identify suitable therapeutic agents to treat COVID-19. Various drugs approved by
the World Health Organization (WHO) and the Food and Drug Administration (FDA) were
used during the pandemic. Antibiotics, antivirals, anti-inflammatories, anticoagulants, and
some common medications along with combination therapies are part of the treatment or
supportive care of COVID-19 patients (368). Biological therapy (20.09%) with tocilizumab
and anakinra, antivirals (56.76%) such as remdesivir and favipiravir, and new monoclonal
antibody therapies (0.58%) were used as treatment for the patients from our study.

1.4.2.5. Conclusions
The novelty brought in the present study is to highlight the profile of patients and the

characteristics of severe forms of COVID-19, in the northeastern region of Romania, during
the 4th pandemic wave.
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The epidemiological characteristics of SARS-CoV-2 infection recorded in our study
were mostly the same with characteristics of COVID-19 from all over the world. We found
that in our hospital, most of the cases presented a moderate form of SARS-CoV-2 infections
(47%) and it was an increased number of patients with severe forms (38.80%). Mortality was
increased in these patients with 18.76% deaths. Furthermore, as all around the word,
treatments according to protocols were used with antivirals, monoclonal antibodies, and
biological therapy.

The hospital serves the entire northeastern area of Romania, providing care and
treatment for admitted patients with severe forms of COVID-19, who required monitoring and
treatment in Intensive Care Unit also. During the pandemic, a new extended area dedicated to
patients with SARS-CoV-2 infection was opened, thus supplementing the necessary beds,
especially those with the possibility of providing additional oxygen support through
concentrators and mechanical ventilators. It was a real exercise of strength that through a
good collaboration and interdisciplinary involvement, we passed through the very difficult
pandemic COVID-19 waves.

The identification of the most frequently affected age groups, the characteristics of the
patients with SARS-CoV-2 infection, the risk of mortality among patients with associated
pathologies, the predominant variant, and the need for hospitalization in intensive care
departments of severe cases can raise an alarm signal regarding the protection of the
categories of persons at risk. Implementation of information and awareness programs such as
the need for vaccination are required. In the event of a new pandemic, the population,
physicians, and researchers, therefore, will know what to expect, the latter being able to
develop new therapies and new standards of care in order to respond better to patients’ needs.

1.4.3. Liver damage associated with SARS-CoV-2 infection—myth or reality?

1.4.3.1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the third strain of
the Coronaviridae family responsible for causing a pandemic. Coronavirus disease 2019
(COVID-19), the respiratory disease responsible for the ongoing COVID-19 pandemic is
caused by the SARS-CoV-2 virus. Its appearance in December 2019 in Wuhan, China and its
rapid spread in over 216 countries led to an unprecedented global crisis with repercussions on
the medical and economic system, but also on the quality of life of individuals (369). The
similarity in the clinical manifestations of SARS-CoV-2 infection with other diseases, the
unpredictability of the clinical and paraclinical evolution, the uncertainties regarding side
effects and the treatment of the infection, and the impact of the self-
isolation/isolation/quarantine regime were real challenges (370).

The experience of the current pandemic has shown us that SARS-CoV-2 can affect
various organs and systems such as the cardiovascular, respiratory, neurological, digestive,
metabolic systems, and more. Older adults and patients with a significant personal history of
medical pathology (i.e., metabolic syndrome, cardiovascular disease, neurological disease,
oncological, or liver disease) may be at an increased risk for the severe COVID-19 form
(366). Oxygen saturation (SpO2) < 94% in room temperature air at sea level, the ratio of
arterial oxygen partial pressure (PaO2 in mmHg) to fractional inspired oxygen (PaO2/FiO2) <
300 mm Hg, a respiratory rate > 30 breaths/min, or lung infiltrates > 50% defines a severe
SARS-CoV-2 illness. These patients present with an evolution towards rapid clinical
deterioration.

Liver disease is among the main extrapulmonary manifestations. Liver damage
associated with SARS-CoV-2 infection is defined as any liver damage occurring during the
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disease course and treatment of COVID-19 in patients with or without pre-existing liver
disease. According to the statistical data up to now, in one out of five patients diagnosed with
SARS-CoV-2 infection, we also find liver damage (371). In such cases, blood test results
highlight elevated liver enzymes such as alanine aminotransferase (ALT) and aspartate
aminotransferase (AST). Also, alkaline phosphatase (ALP) and gamma-glutamyl transferase
(GGT) are enzymes that suggest liver damage. Some studies have shown that people with pre-
existing liver disease (chronic liver disease, cirrhosis, or related complications) who have
been diagnosed with COVID-19 have a higher risk of death than people without pre-existing
liver disease (346, 372).

Mechanically, SARS-CoV-2 infection involves the binding of the viral spike protein
to angiotensin-converting enzyme 2 (ACE2) as an entry receptor on the cell surface. This
binding facilitates the penetration of the virus into the cell, viral replication, and intercellular
transmission (373). Due to the ubiquitous distribution of ACE2, SARS-CoV-2 causes
systemic disease, with possible involvement of the heart, kidneys, liver, or other organs,
causing changes in circulating lymphocytes and the immune system. Liver ACE2 receptors
are expressed mainly in cholangiocytes (59.7% of cells), minimally expressed in hepatocytes
(2.6% of cells), and absent in Kupffer cells. Thus, it is confirmed that SARS-CoV-2 infection
affects liver function by direct cytotoxicity due to the continuous replication of the virus in
the previously mentioned cell populations (374, 375).

The inflammatory immune response may be responsible for hepatic impairment in
COVID-19. This is demonstrated by the presence of elevated values of inflammatory markers
(e.g., C-reactive protein (CRP), interleukin-6 (IL-6), interleukin-2 (IL-2), lactate
dehydrogenase (LDH), ferritin, D-dimers) suggesting a direct link between the presence of
cytokine storm syndrome and the severity of the disease (376).

In addition, there are other factors that contribute to impaired liver function, including
medication used to treat SARS-CoV-2 infection (e.g., umifenovir, remdesivir, tocilizumab,
lopinavir/ritonavir) or the treatment of associated bacterial infections (antibiotics, antipyretics,
steroids), pre-existing liver disease, congestion liver, or ischemic hypoxic lesions.

Our goal was to highlight the effects of SARS-CoV-2 infection on the liver. For this
purpose, we conducted a study on a group of patients diagnosed with SARS-CoV-2 infection.
Finally, we used data and developing theories from the literature and corroborated them with
the data obtained by our research.

1.4.3.2. Materials and methods

We conducted a retrospective clinical study focusing on hospital-based medical
records of patients from “Sf. Parascheva” Clinic Hospital of Infectious Diseases from lasi,
having the objective of evaluating patients diagnosed with SARS-CoV-2 infection and
associated liver injuries. Patients included were hospitalized between the 1 October 2021 and
31 December 2021.

All hospitalized patients over 18 years of age who tested positive for SARS-CoV-2
infection and had transaminase levels more than three times the normal value in the absence
of pre-existing liver damage were included in the study. Diagnosis of SARS-CoV-2 infection
was based on real-time reverse transcriptase-polymerase chain reactions (RT-PCR) performed
on either nasopharyngeal swabs (NPS) or oropharyngeal swabs (OPS). Patients who tested
positive for infection but had no evidence of liver damage with normal or quasi-abnormal
transaminases or had a known pre-existing liver disease were excluded from this study.

We collected from each patient’s medical database: demographic data (age, sex),
medical history, clinical features, blood tests, in-hospital treatment and outpatient outcomes
(severe COVID-19, intensive care unit (ICU), mechanical ventilation, and death). Liver test
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abnormalities were defined according to reference laboratory standards: AST (aspartate
aminotransferase) > 37 U/L, ALT (alanine aminotransferase) > 40 U/L, ALP (serum alkaline
phosphatase) outside the range of 98-279 U/L, TBIL (total-value bilirubin) > 1 mg/dL, and
gamma-glutamyl transferase (GGT) > 49 U/L. All blood tests were performed by the
hospital’s central laboratory. RT-PCR tests were performed either by the hospital’s molecular
biology laboratory or by other accredited laboratories, on either nasopharyngeal swabs (NPS)
or oropharyngeal swabs (OPS).

Only patients whose transaminase values were increased more than three times were
included in the study because we wanted to do a statistically significant analysis of liver
damage due to SARS-CoV-2 infection. The chosen period, namely October to December
2021, was representative due to the predominance of the Delta strain in Romania. This was
the period with the most admissions in the entire pandemic, the most serious cases, and an
increase in the number of deaths.

Correlations between demographic parameters, clinical data, and outcomes were
performed using Pearson test in XLSTAT version 2019 software. Kendall’s Tau correlation
coefficients were calculated (377). Statistical analysis was performed using Statistical
Software for Excel (XLSTAT) version 2019.

1.4.3.3. Results

During the abovementioned period in the “St. Parascheva” Clinical Hospital of
Infectious Diseases from lasi, 1552 patients confirmed to have SARS-CoV-2 infection by
reverse transcriptase real-time quantitative polymerase chain reaction (RT-PCR SARS-CoV-2
RNA) were hospitalized. All patients were tested for SARS-CoV-2 infection before or on the
day of hospitalization. From the total number of hospitalized cases in the mentioned period,
500 cases with liver damage were observed. After excluding pre-existing liver pathology
(chronic hepatitis, liver cirrhosis, portal hypertension syndrome, ascites, jaundice, liver
failure, and biliary colic), 207 patients demonstrated transaminase levels more than three
times the normal value in the absence of pre-existing liver damage. Our study includes an
analysis of the 207 cases mentioned above.

The age of the patients varied between 18 and 94 years, with an average age of 61
years. The most affected patients were those in the age group of 60—79 years (102 patients,
49.27%) (Figure IV.5).
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Figure 1VV.5. Number of patients according to age group
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The total group of patients included in the study (207 in total) was divided into two
groups. We called them group A and group B. Group A (48 patients, 23.19%) was
represented by the category of patients with whom an increase in transaminase values was
observed since the beginning of hospitalization; we considered an increase of more than three
times of the normal value statistically significant. Group A also included patients where, after
hospitalization and the initiation of treatment, the values decreased to the normal value or
demonstrated values close to normal.

Group B (159 patients, 76.81% of the total) included patients who had normal values
of transaminases or values close to normal at the time of hospitalization and those who had
more than three times increase in the values normal for AST and ALT during the
hospitalization and the initiation of the treatment.

The gender distribution and residence of patients showed a slightly higher share of
male patients (52.65% vs. 47.34% female patients, 109 males vs. 98 female, p < 0.05) and
those living in urban areas (56.52% vs. 43.48% in rural areas, p < 0.05) (Table 1V.3).

Table 1V.3. Demographic characteristics of the patients enrolled in our study

Number of Patients Enrolled % p value

Gender <0.05
Male 109 52.65
Female 98 47.34

Residence <0.05
Urban 117 56.52
Rural 90 43.38

The detailed anamnesis of the patients highlighted the fact that the average time from
symptom onset to hospital admission was 7.7 days. Eighteen patients (8.17%) had a complete
COVID-19 vaccination scheme at hospitalization, 6 patients (2.90%) had an incomplete
vaccination scheme, and the remaining 183 patients (88.40%) did not have specific anti-
SARS-CoV-2 prophylaxis. A total of 39.47% (61/207) patients had no comorbidities. More
than half of them had pre-existing pathologies. Excluding liver damage, patients in the study
had cardiovascular disease (56 patients, 27.37%), kidney disease (47 patients, 22.70%),
diabetes (27 patients, 13.04%), and neurological impairment (17 patients, 8.21%).

According to the definitions developed by the World Health Organization, the
classification of COVID-19 in terms of clinical form is mild, moderate, or severe depending
on the degree of respiratory function. Regarding the patients in the study group, most
developed a severe form of SARS-CoV-2 infection (108 patients, 52.17%). Four (1.93%)
patients developed a mild form and 95 (48.89%) developed a moderate form.

Hepatic impairment was highlighted primarily by increased transaminases (AST,
ALT). All cases with elevated transaminases were determined to be secondary to SARS-CoV-
2 infection. In 48 cases (23.19%), transaminase abnormalities were highlighted since the
beginning of hospitalization and then subsequently normalized (group A) (Figure 1V.6). In
159 cases (76.81%) an increase in liver enzymes was observed after 6 days of hospitalization,
with a decrease towards the normal level (group B) (Figure IV.7).
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Figure 1V.6. Dynamic changes in transaminase levels in all patients from group A;
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Figure 1V.7. Dynamic changes in transaminase levels in all patients from group B;
(A) aspartate aminotransferase and (B) alanine transaminase

In the graphs above, the changes in laboratory values regarding liver enzymes AST
and ALT are exemplified in the case of all patients. In group A there were 5 cases with AST
and ALT values over 250 U/L and in group B, in 15 cases an increase of over 250 U/L was
observed during hospitalization. In the other cases, a transient increase of up to 250 U/L of
transaminases was observed.

Correlated with transaminase values, we also evaluated the level of total bilirubin,
with a predilection for indirect bilirubin, gamma-glutamate dehydrogenase, and alkaline
phosphatase. We evaluated platelet numbers, total proteins, and prothrombin values in all
patients in the study. An analysis of laboratory data showed patients with hepatic impairment
had elevated indirect bilirubin (19 cases, 9.17%) and increases in gamma glutamate
dehydrogenase (GGT) (72 cases, 34.78%), thrombocytopenia (46 cases, 22.21%), and
hypoalbuminemia (18 cases, 8.70%).

In hospital the treatment used for SARS-CoV-2 infection was in accordance with the
legislation in force at that time. The following medications were administered to patients:
antibiotics such as Ceftriaxone (137 cases, 66.18%), Imipenem/cilastin (62 cases, 29.95%),
and Linezolid (50 cases, 24.15%); antivirals such as Favipiravir (109 cases, 52.65%) and
Remdesivir (46 cases, 22.22%); anti-inflammatory and immunomodulatory medications such
as Anakinra (82 cases, 39.61%) and Tocilizumab (16 cases, 7.72%) (Figure 1V.8); and
vitamins according to symptoms. Hepatoprotectives and amino acids have been used for liver
damage due to their detoxifying effect on the liver.
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The treatment used for SARS CoV 2 infection in group A vs

group B
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Figure 1V.8. The treatment used for SARS-CoV-2 infection in group A versus group B
Prior to hospitalization all patients reported self-administration of various treatments,

with most of them being symptomatic. A percentage of 18.84% (39/207) patients combined
antibiotic/antiviral treatments at home (Figure 1V.9).
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Figure IV.9. The treatment used prior to hospitalization in group A versus group B

The average time from hospital admission to discharge/interhospital transfer/death
was 12.4 days. The evolution was favorable in more than half of the cases. Out of the total
number of patients, 76 (36.71%) required hospitalization in the intensive care unit. In 19 cases
(9.17%) patients were transferred to specialized clinics depending on the associated
comorbidities and in 50 cases (24.15%) death occurred (32 cases due to multiple organ
dysfunction and 18 cases due to severe respiratory failure).

In group A, 8 deaths were reported, two of which were associated with severe liver
failure since admission (case 1 of a 65-year-old male patient with a severe form of COVID-19
who had AST 10 618 U/L and ALT 4260 U/L and case 2 of an 85-year-old woman with a
severe form of COVID-19 who had an AST of 5700 U/L and an ALT of 2115 U/L). In both
cases, the evolution was slow and worsening, with the need to monitor and continue treatment
in the intensive care unit for more than 20 days.

Group B recorded a statistically higher percentage of deaths (84%). There were 4
cases in which the patients had associated liver failure. Only in one case did the death occur
due to worsening liver function—the case of the 37-year-old patient with a severe form of
COVID-19 who had an ALT of 11,255 U/L and an AST of 16,455 U/L.
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1.4.3.4. Discussions

The new coronavirus began to be talked about at the end of 2019 after five cases of a
respiratory disease of unknown origin were identified, with patients showing symptoms
similar to viral pneumonia (378). From then until now (6 February 2023), after almost 3 years
of the COVID-19 pandemic, more than 675 million cases of SARS-CoV-2 infection have
been identified globally, with more than 6 million deaths. A new reason for concern for the
entire medical system was the appearance of new variant strains that presented several
mutations of the virus. They were named Alpha (British strain—B. 1. 1. 7), Beta (South
Africa—B. 1. 351), Gamma (Brazilian strain—P. 1), Delta (Indian strain—B. 1. 617. 2), and
Omicron (South Africa—B. 1. 1. 529) (379). Variant B1617.2 (Delta), or the Indian strain, is
considered the most adapted of the four viral variants of concern, with a high degree of
infectivity twice that of the original strain and about 60% greater than the Alpha variant,
known as the British strain. Detected variants of coronavirus have caused fears at the global
level so a great emphasis has been placed on vaccination campaigns (380).

Although a pathology of the respiratory system which was unknown to the whole
world at the beginning of 2020, the SARS-CoV-2 infection proved to be multisystemic,
affecting several organs and systems. From respiratory, digestive, and skin system damage to
liver, metabolic, and cardiovascular damage, the clinical picture of SARS-CoV-2 infection
proved to be diverse.

Liver disease has been reported since the beginning of the discovery of the novel
coronavirus, frequently being described as a common manifestation, although its clinical
significance was not fully understood, especially for patients with underlying chronic liver
disease (CLD) (381). Both in the case of patients with pre-existing liver damage as well as in
the case of patients with de novo liver damage, liver damage in hospitalized patients is mainly
manifested by changes in biochemical markers in the liver (382).

Liver damage presenting with increased liver enzymes and lactate dehydrogenase was
first reported in a study of 99 patients in early 2020 (383). Of the total, 43 (43.43%) had
varying degrees of liver damage and impaired liver function with ALT or AST above the
normal range. In one case, the value of transaminases indicated severe acute impairment of
liver function, with serum ALT and AST levels increased up to 7590 and 1445 U/L,
respectively, in a patient with the severe form of COVID-19 (372). A review article reported
abnormal levels of ALT and AST during COVID-19 ranging from 14% to 53% (384).

Another study of nearly 1100 patients in China observed that elevated serum AST
levels were found in approximately 18% of patients with moderate or mild COVID-19 disease
and in approximately 56% of patients with the severe COVID-19 form. Moreover, in that
study, elevated serum ALT levels were observed in nearly 20% of patients with mild or
moderate COVID-19 disease and in approximately 28% of patients with severe COVID-19
disease (385). In cases of COVID-19 resulting in death, the incidence of liver injury might
reach as high as 58.06 and 78% (386).

Liver test abnormalities were defined as the elevation of the following liver enzymes
in serum: ALT > 40 U/L, AST > 37 U/L, GGT > 49 U/L, ALP outside the range of 98-279
U/L, and TBIL > 1 mg/dL (372). In our study, it was highlighted that 500 patients had liver
damage, with 293 cases having pre-existing liver damage. Most of the cases did not have a
significant deterioration of liver function and, for this reason, they were excluded from the
study. We focused on the 207 cases, showing that liver involvement during COVID-19
infection with ALT or AST three times above the normal value may affect less than a quarter
of patients admitted to the clinic (207 cases out of a total of 1552, 13.34%). In group A there
were 5 cases with AST and ALT values over 250 U/L and in group B, in 15 cases an increase
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of over 250 U/L was observed during hospitalization. In the other cases, a transient increase
of up to 250 U/L in transaminase values was observed.

According to the statistical data published so far, the increase in ALT was observed
between day 4 and day 17 of hospitalization, at an average of 7.3 + 3.0 days in severe forms
compared to 10.7 = 4.1 days in mild forms (p = 0.048) (387). The batch studied by us was
divided into two groups based on the moment of occurrence of de novo liver damage. Thus,
we called them group A and group B. Group A (48 patients, 23.19%) was represented by the
category of patients with whom increased values of liver enzymes were present from the first
day of hospitalization; we considered an increase of more than three times the normal value
statistically significant. Group A also included patients with whom, after hospitalization and
the initiation of treatment, the values decreased to the normal value or demonstrated values
close to normal.

Group B (159 patients, 76.81% of the total) included patients who had normal values
of transaminases or values close to normal at the time of hospitalization and those who had
more than three times increase in the values normal for AST and ALT during the
hospitalization and the initiation of the treatment. In these cases, the increase in transaminase
values was highlighted in the first week of hospitalization, after the 6th day.

Although serum transaminases may have been elevated before COVID-19, results
from clinical reports and autopsy studies suggest that liver dysfunction may be an expression
of a more severe course of the disease and that an increase in transaminases alone is likely to
be indirect expression of systemic inflammation.

In another study of 417 patients with COVID-19, abnormal liver tests (i.e., AST, ALT,
total bilirubin, GGT) were present in 76.3% and 21.5% developed liver damage during
hospitalization, especially within the first two weeks after admission.

Studies have shown that patients with abnormal liver tests have a higher risk of
progressing to severe disease and liver impairment is closely linked to mortality in patients
with COVID-19. In our study, the severe form of COVID-19 was found in 108 cases
(52.17%), accounting for more than half of all cases. Also, correlating the value of
transaminases with the severity of COVID-19, we observed that in severe forms of the
disease, the transaminases had a value 10 times higher than the normal one, in the case of
ALT in 27 patients (9.9%) and in the case of AST in 15 patients (5.4%). The highest value
was recorded in a 37-year-old patient with a severe form of COVID-19 (ALT 11,255 U/L,
AST 16,455 U/L) from group B who presented at the hospital on the third day after the onset
of symptoms. On the day of admission, the values of the laboratory analysis showed the
following values: ALT 159 U/L, AST 109 U/L, GGT 334 U/L, ALP 437 U/L, and BT 2.68
mg/dL. The evolution in the case of this patient was unfavorable. Being a severe form of
COVID-19, it required continuous oxygen therapy, supervision, and treatment in the intensive
care unit, exhibiting a rapid deterioration of organs and systems. It was the first case in the
study in which liver failure was one of the causes of death.

Regarding the evolution of the cases, improvement was noticed in more than half of
the cases, with an average time from hospital admission to discharge/interhospital
transfer/death of 12.4 days. Out of the total number of patients, 76 (36.71%) required
hospitalization in the intensive care unit. In 19 cases (9.17%) patients were transferred to
specialized clinics depending on the associated comorbidities and in 50 cases (24.15%) death
occurred (32 cases due to multiple organ dysfunction and 18 cases due to severe respiratory
failure).

In group A, 8 deaths were reported, two of which were associated with severe liver
failure present since admission (case 1 of a 65-year-old male patient with the severe form of
COVID-19 who had AST 10,618 U/L and ALT 4260 U/L and case 2 of an 85-year-old
woman with the severe form of COVID-19 who had AST 5700 U/L and ALT 2115 U/L). In
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both cases, the evolution was slow and worsening, with the need for monitoring and
continuing treatment in the intensive care unit for more than 20 days.

Group B recorded a statistically higher number of deaths. There were 4 cases in which
the patients had associated liver failure and only in one case did the death occur due to
worsening liver function, that being the case of the 37-year-old patient with the severe form of
COVID-19 who had ALT 11,255 U/L and AST 16,455 UJ/L.

The prevalence of abnormal liver tests may also be due to the medications used during
hospitalization. In a study conducted at the Third People’s Hospital of Shenzhen from China
(387), among a total of 170 patients, 84% used lopinavir/ritonavir during hospitalization,
which was reported to cause liver damage and affect liver tests. In our study, the medications
administered to the patients were: antiviral treatment: Favipiravir (109 cases—52.65%) and
Remdesivir (46 cases—22.22%); anti-inflammatory and immunomodulatory medication:
Anakinra (82 cases—39.61%) and Tocilizumab (16 cases—7.72%); along with vitamins,
hepatoprotectives, and amino acids according to symptoms, the latter of which is used for
liver damage due to its detoxifying effect on the liver.

In addition to the increase in transaminase values, we were able to observe in our
study increases in indirect bilirubin and gamma-glutamate dehydrogenase, with unchanged
levels of alkaline phosphatase. Among patients with pre-existing liver pathology, it was also
possible to observe a decrease in platelet values and a decrease in total proteins, especially
albumin.

Hepatic impairment in mild cases of COVID-19 is often transient and may return to
normal without special treatment. However, when severe liver damage occurs, liver protection
treatment should be given to patients (388).

Therefore, if we refer to the causes of liver damage in our study, we refer to pre-
existing liver damage, the direct expression of viral infection in the liver, and the toxic liver
action of the medication used in treatment. Also, if we refer to the hepatic effects of SARS-
CoV-2 infection on the patients in the study, there were increases in liver enzymes, increased
total bilirubin, increases in glutamate dehydrogenase, decreased platelets, decreased bilirubin,
and unchanged alkaline phosphatase.

1.4.3.5. Conclusions

Liver damage in the case of patients diagnosed with SARS-CoV-2 infection is one of
the main manifestations of the infection, especially in hospitalized patients, and its presence
has been associated with an increased risk of complications, including death. The cause of
liver damage is most likely viral infection of bile duct cells or functional impairment caused
by the use of antiviral drugs.

The present study revealed that high AST and ALT at hospital admission was
associated with severe forms of COVID-19 and a high mortality risk in COVID-19 patients.
Therefore, abnormal liver test results can be a significant prognostic indicator of outcomes in
COVID-19 patients.

In COVID-19 elevated liver enzymes are usually mild and generally recover with
hepatoprotective treatment or regimens and rest. However, the increased values of
transaminases in the context of severe forms of COVID-19 or as a consequence of antiviral
therapies with effects on the liver should not be neglected. It is therefore necessary to
distinguish in clinical practice if the onset of abnormal liver function occurs at diagnosis or
during treatment.

The mechanism of liver damage in patients with SARS-CoV-2 infection is
multifactorial and requires additional research to improve the therapeutic approach in this
category of patients.
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Even if the pandemic is officially over, cases of infection are still being diagnosed all
over the world so future research should continue. Deciphering virus—host interactions will
certainly give us more clues about the detailed molecular mechanisms of liver failure
following SARS-CoV-2 infection.
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SECTION Il

Directions for future professional development and scientific research

I will persist in prioritizing the quality of the didactic process, which is contingent
upon both the didactic material's content and the pedagogical approach employed. The
primary objective is to achieve success in knowledge transfer while ensuring an effective
evaluation of students' knowledge and skill acquisition. In order to optimize the acquisition of
knowledge during practical workshops in vascular surgery, it is suggested that a student-
centered approach be employed, which emphasizes active and participatory learning. The
proposal is to implement the concepts acquired in the "Train-the-Trainers" course by forming
work teams to promote individual work and foster a collaborative and team-oriented mindset.
The objective is to enhance the ability to analyze and self-assess the work of others.

My objective is to participate in the creation of a practice guide focused on medical
vascular surgery, specifically tailored for students who are learning at General Medicine
Faculty.

With regards to the training of residents, | propose the incorporation of scientific
analysis sessions aimed at discussing studies and articles published in the national and
international scientific community.

As part of my didactic activity, | intend to coordinate a minimum of three
undergraduate theses annually for students in their final years at the University of Medicine
and Pharmacy "Gr. T. Popa" lasi, encompassing both the Romanian and foreign language-
speaking sections.

* Facilitate and direct student involvement in oral presentations during student
communication sessions, symposiums, and congresses.

* Coordinate student workshops aimed at enhancing knowledge and practical skills.

* Conduct thematic seminars and clinical case sessions with residents.

Regarding my scientific and clinical future directions of research, I will continue to
follow my main points of interests: vascular surgery, cardiac surgery, and thrombotic
complications of pregnancy.

The narrowing of the carotid artery is a widely recognized predisposing element for
the occurrence of ischemic stroke. The prioritization of identifying optimal primary and
secondary stroke prevention strategies for both asymptomatic and symptomatic patients with
carotid stenosis is of utmost importance. The present guidelines pertaining to the management
of symptomatic and asymptomatic atherosclerosis are founded on randomized trials that
compare medical therapy with surgical interventions. These trials utilize the degree of
stenosis and symptom status as the basis for comparison, without taking into account plaque
morphology and composition.

Since the initial publication of the NASCET report (389), which established a
correlation between high-grade stenosis and patient outcomes, significant advancements have
been made in both surgical techniques and medical interventions. The incidence of morbidity
and mortality associated with revascularization procedures, particularly carotid
endarterectomy, has demonstrated a decline, resulting in a decrease in severe complications
and mortality rates (390).

Furthermore, multiple clinical trials have presented findings that support the efficacy
of conservative medical interventions for carotid disease. These interventions include high-
dose statin therapy and anti-inflammatory therapy targeting the interleukin-1p innate
immunity pathway, both of which have demonstrated protective effects. Recent meta-analyses
have presented evidence indicating the possibility of reversing atherosclerosis, also known as
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"plaque regression,"” through high-dose lipid-lowering therapy. Additionally, high-dose statins
have the potential to convert vulnerable plaque from a high lipid content to a more stable
calcified plaque (391).

The imaging of the morphology of carotid plaque has the potential to provide a more
precise representation of the pathobiology of the plaque, thereby enabling the assessment of
plague risk. This has the potential to result in a more economical choice of costly
endovascular or surgical treatment alternatives (392). | am aiming to incorporate new imaging
markers identified using MRI, CT and ultrasound that are associated with future
cerebrovascular events. My team and | will write a grant proposal for the study of imaging
biomarkers such as carotid wall volume, CT density and the plaque/muscle ratio for the
prediction of plaque instability.

Compared to their nonpregnant counterparts, all pregnant patients have a greater
chance of developing VTE, although certain gravidae have an increased risk compared to
others (393). Although it is now advised that all obstetric patients should have their risk of
VTE evaluated, there is no agreement on the best ways to do so. The necessity for high-
quality research on the appropriate risk-stratification of obstetric patients is highlighted by the
fact that there are several contradicting suggestions and guidelines.

The need for an accurate risk-scoring method stems from the fact that both over- and
under-prophylaxis may have negative effects. Over-prophylaxis is expensive, requires
patients to get frequent injections, and exposes them to uncommon side effects including
hemorrhage or thrombocytopenia brought on by heparin. The incidence of VTE may rise with
inadequate prevention. Therefore, the development of a precise VTE risk-stratification system
for pregnancy necessitates the immediate completion of large prospective trials.

Me and my team are interested in developing different risk-scoring algorithms based
on artificial intelligence and machine learning techniques, that will allow better stratification
of patients at risk of VTE, and an individualized management. These algorithms would
incorporate a large number of clinical and paraclinical data, collected both retrospectively and
prospectively, and their performance would be assessed in terms of positive predictive value,
negative predictive value, accuracy, value of area under the curve, and recall.

Another future direction of research would be based on our current work at the clinic
that involves vascular repermeabilization techniques for various disorders such as diabetic
arteriopathy or large vessels stenosis. The objective of creating human tissue material for
vascular repair, replacement, or reconstruction is to provide a convenient, readily available
substitute for autologous conduits. This substitute should possess comparable
immunogenicity and long-term functionality, while also eliminating the need for wound care
and operating time associated with harvesting patients' own vessels.

The demand for replacement vascular conduits among patients is consistently
increasing (394). The demand for replacement vessels is crucial in the context of peripheral
artery disease (PAD) and vascular injuries, which encompass both civilian and military
traumatic injuries (395). Patients suffering from end-stage renal disease who are undergoing
hemodialysis require frequent access to their circulatory system, which is facilitated by either
a central catheter or a surgically created superficial arteriovenous loop access. The upper limb
is the most common location for the arteriovenous conduit, which can be achieved through
the use of the patient's vessels (known as arteriovenous fistula) or through the implantation of
a synthetic graft, such as expanded polytetrafluoroethylene. The increasing prevalence of such
disorders outlines the need for novel materials (396).

Currently, there are four primary sources from which vascular grafts are derived:
synthetic polymers, xenogeneic tissues, allogeneic or autologous tissues, and engineered
tissues. Although all of these vascular replacements have demonstrated some level of
functionality, they’re in vivo outcomes vary significantly. The most common modes of failure
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observed are infection, inflammation, occlusion, and degradation (397). One of the primary
obstacles in the implementation of vascular grafts is their integration with the host and
capacity to undergo tissue remodeling. We aim to establish a multicentric partnership with
specialists from the European Union and Israel in order to study the clinical efficacy of
various endoluminal grafts such as those for aortic aneurysm. Our desire is to implement,
together with the use of these endografts, new procedures and materials that are already part
of the panoply of procedures for inserting such type of devices. The testing of some materials
and the use of new techniques for inserting these grafts can be topics for our team of research
that can be included in international grants.
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