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CURRENT STAGE OF KNOWLEDGE

INTRODUCTION

The multitude of morphological elements, some complex, which together
constitute the human organism is in a permanent interaction, throughout life, with the
environment, some of whose factors are harmful, contributing to the wear and tear of
tissue structures, which in turn attracts a decrease in their functional capacities.
Paradoxically, the increase in life expectancy determined by the improvement of living
conditions has caused, in the last decades, the number and diversity of morbid
conditions to increase through the appearance of diseases found only in the elderly.

Prolonged interactions with harmful factors in the environment, but also diseases
and injuries caused by the passage of time, determine tissue structures to undergo
transformation processes at both a structural and functional level, the structures of the
cardiovascular system in general and the vascular wall in particular not being
exempted from this procession of changes [Gallagher PJ and van der Wal AC 2019;
Jaminon A et al 2019; Jani B et al 2006]. Lifestyle, blood glucose level, blood lipid level
or even genetic factors are only some of the risk factors that can be at the origin of
cardiovascular diseases, and they, in turn, are influenced by aging [Lakatta et Levy
2003].

The aorta, the most important segment of the arterial tree in the human body, is
among the vascular structures most exposed to interaction with harmful environmental
influences and, in particular, to those that accumulate with aging [Stary HC et al 1992;
Nakashima Y et al 2002; Hansson GK 2005].

After finishing my license studies, | decided to deepen my knowledge related to
the remodeling process of the arterial wall under the influence of various pathological
conditions that can be found in the human body by enrolling in the doctoral studies
program, under the coordination of Professor lancu Emil Plesea, who encouraged me

to tackle this phenomenon.

MORPHOLOGY OF AORTA

The embryonic development of the vessels and especially of the arterial system
begins at 20-22 days of age. It has a segmental and symmetrical character and is

produced by two mechanisms, under the control of vascular endothelial growth factor



(VEGF) and other growth factors [Bareliuc et Neagu 1977; Sadler 2006; Etesami et al
2014]: Vasculogenesis and Angiogenesis. The lumen of vascular primordia appears
as they fuse to form wider channels [[Waldo K et Kirby M, 1998]. The muscle cells of
the medial tunic derive from the cells of the neural crests, forming the mesenchymal
cells of the dorsal aorta [Kuo CT et al, 1997; Suri C et Yancopolous GD, 1999;
Hungerford JE et Little CD, 1999]. The transformation period of endothelial canal
networks can be divided temporarily and spatially into two phases. [Johnson D, 2005]:
Pharyngeal Phase and Post-Pharyngeal Phase. In relation to the embryonic sketch,
the Aortic Artery develops, starting from the aortic sac, as follows: (a) The base of the
aorta - through the compartmentalization of the cardiac bulb and the arterial trunk by
the spiral septum, around the 5th week; (b) The ascending proximal portion (right) of
the Aortic Arch - from the right horn of the Ventral Aorta; The left part of the aortic arch
- through the persistence of the 4th embryonic aortic arch; (d) Descending aorta with
the Thoracic and Abdominal segments - from the fusion of the two embryonic dorsal
aorta, below the level of the 7th intersegmental artery. [Bareliuc L et Neagu N, 1977;
Skandalakis LJ, 2004; Johnson D, 2005; Etesami M et al, 2014; Rosen RD et Bordoni
B, 2022].

Macroscopic morphology. Arteries are the efferent blood vessels that carry
blood from the heart to the capillary bed. Arteries are classified according to their
relative dimensions and their morphological characteristics into three broad categories:
Transport Arteries; Distribution Arteries and Arterioles. [Pakurar AS et Bigbee JW,
2004; Gartner LP et Hiatt JL, 2007; Junqueira LC et Carneiro J, 2007; Lindberg MR et
Lamps LW, 2018]. The aortic artery is the main representative of the group of arteries
that carry large volumes of oxygenated blood from the heart to the systemic circulation,
called elastic arteries that have a high level of elasticity. It can be divided, from a
topographic point of view, in relation to the diaphragm, into two large segments, each
being then subdivided into several segments: Thoracic Aorta (Ascending Aorta; Aortic
Arch / Aortic Cross; Descending Thoracic Aorta) and Abdominal Aorta ( Supra Celiac
Segment, Supra Renal Segment, Infrarenal Segment) [Halloran BG et al, 1995;
Gartner LP et Hiatt JL 2007; Tsamis A et al 2013; Kelley JD et al, 2022; Shahoud JS
et al, 2022; Rosen RD et Bordoni B, 2022].

Microscopic morphology. Arterial vascular structures are divided according to

the main morphological component in [Gartner LP et Hiatt JL, 2007]: Elastic vessels



(are transport arteries) and Muscular vessels (are distribution vessels), which,
depending on caliber are of two kinds: Arteries and Arterioles.

The walls of the entire cardiovascular system have, over a certain diameter, the
same structural plane, comprising three layers or concentric tunics that are continuous
from the heart to the vessels.

The thickness and structural constituents of these layers vary depending on the
mechanical and metabolic functions of each segment of the cardiovascular system.
These are, from the lumen to the outside: the Inner Tunic, called the Endocard at the
Heart, and the Intima Tunic at the Vessels; The middle tunic, called the Myocardium at
the heart and the Media tunic at the vessels; The outer tunic, called the Epicard
(visceral pericardium) at the heart and the Adventicea tunic at the vessels [Bank AJ et
al, 1996; Gasser TC et al, 2006; Fortier A et al, 2014].

There are two main categories of components of any arterial wall, namely:
Different types of cells (Endothelial Cells (ECs); Smooth Vascular Muscle Cells
(VSMCs); Fibroblasts; Pericites) and Structural Components of the Extracellular Matrix
(ECMs) (Elastin Fibers; Collagen Fibers; Mucopolysaccharides). These constitutive
morphological elements are present in different proportions in different regions of the
vascular walls with the exception of capillaries that have a simple wall formed by
endothelial cells, basement membrane and pericytes. [Junqueira LC et Carneiro J,
2007; Kentish JC, 2008].

CAUSES OF DEATH TN MEDICAL PRACTICE

It is important to know why people die because then we will know how to improve
their way of living. Highlighting the number of people who die each year is useful in
assessing the effectiveness of health systems and directing resources where they are
most needed [WHO, 2020].

Generally agreed definition. Cause of death is defined by the World Health
Organization (WHO/WHO) in the International Classification of Diseases (ICD) as:
"The condition or injury that triggered the sequence of morbid events that directly led
to death", or as " The circumstances of the accident or act of violence that produced
the fatal injury".

The classifications may differ, either in the situation where the cause of death is
multiple or difficult to assess, or when the procedures are recorded differently. The

consequence is that statistical data from different countries are not entirely



comparable, although an international harmonization of definitions has been attempted
as far as possible.

Types of causes of death. The general definition of the cause of death,
however, has several nuances depending on the profile of the cause of death, namely:
Antecedent Cause of Death (CDA), Avoidable Cause of Death (CDEv), Concurrent
Cause of Death (CDC), Cause of Death Contributing (CDD) or External Cause of Death
(CDEX).

Classification of causes of death. Pathological conditions causing death have
become more numerous and diverse in recent decades [Omran AR,1971; Heidenreich
PA et al, 2011; ; Kennedy BK et al, 2014; Townsend N et al, 2016; OECD, 2017; GBD
2017 Causes of Death Collaborators, 2018; Ritchie H et al, 2018; Bergeron-Boucher
MP et al 2020, 2016]. As a consequence, over time, there have been numerous
attempts to classify causes of death, some containing more and others fewer
classification categories [GBD CN (Global Burden of Disease Collaborative Network)
2018; Teker AG et al, 2021].

The International Classification of Diseases, 10th revision (ICD-10) defines 19
groups and 211 subgroups of diseases. Moreover, in the first classification level of the
GBD (Global Burden Disease) study, the causes of death were divided into three
groups, namely [Ritchie H et al, 2018; GBD, 2017, 2019; WHO, 2020; Teker et al,
2021]: Group | or Communicable Diseases (CDs) group, Group Il which includes Non-
Communicable Diseases (NCDs) and Group Il which includes Injuries.

Incidence of causes of death. As time passes, the causes of death have
become, more and more diverse, the main reason being the introduction of new
systems for measuring their variability [Bergeron-Boucher MP et al 2020]. However,
they tend to focus on a few overarching causes [lszak J, 1986].

Causes of death vary significantly from country to country. Thus, if non-
communicable diseases dominate in countries with high per capita income, in countries
with low per capita income, infectious diseases are still common, diseases that
constitute the most important contingent from the group of communicable diseases.

Sex/gender and causes of death. Gender differences in disease prevalence,
disease manifestations, and response to treatment originate in genetic differences
between men and women [Arnold AP, 2017]. Sex-specific gene expression due to
genomic copying also extends to autosomes and these copied genes show sex- and

tissue-specific expression in humans [Baran Y et al, 2015].



Gender is as important a variable as sex in human health and influences the

behavior of communities, clinicians and patients [Pelletier R et al, 2015, 2016].

PERSONAL CONTRIBUTION

The working hypothesis from which this study started was the evaluation of the
influence that the morbid condition that led to the patient's death can exert on the
morphology of the wall of the aorta artery, the most important segment of the arterial
vascular tree.

The main objectives. The study has two main objectives: (a) to evaluate the size
of the main layers of the aortic wall and the average diameter of the aortic artery and
(b) to evaluate the density of the main morphological elements of the aortic wall. The
sets of parameters established were evaluated in relation to Cause of death, to Cases’

Sex and to Aortic topographic regions.

MATERIAL AND METHODS

The basis of the study for this paper was a group of 90 deceased patients who
underwent necropsy to establish the final diagnosis. The study was conducted in
accordance with the Standards of Ethics set by the Helsinki Declaration. All relatives
of the deceased patients signed an informed consent for the autopsy.

The initial study group was subsequently divided into several sublots according
to Cause of death and Aortic topographic region, as follows: The group of patients who
died due to a vascular disease (V_P), The group of patients who died due to a non-
vascular disease (NV_P) and the group of patients who died due to a condition causing
suspicious or violent death (MV/VDth).

The study material was represented by two categories of data sources: Autopsy
protocols and Human biological material harvested from the corpse represented by
aortic wall fragments taken from different topographic levels (Section No. 1 - at the
level of the ascending aortic region, labeled “01 B”, Section No. 2 - at the level of the
aortic arch, labeled “02 C”, Section No. 3 - at the level of the thoracic region of the
aorta, labeled “03 T” and Section No. 4 - at the level of the abdominal region, labeled
“04 Ab”).

Type of study. The study was a single-center study and had a prospective
component in terms of sampling the study material and a retrospective component in

terms of collecting data from the medical records of deceased patients.
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The evaluated parameters were divided into two categories: Clinical
Parameters (Cause of death and Gender) and Morphological Parameters (Thickness
of the Aortic Wall Intima Tunic; Thickness of the Aortic Wall Media Tunic, Aortic
Diameter, Media Tunic Elastic Fiber Density (FE), Media Tunic Collagen Fiber Density
(FCOL), Media Tunic Smooth Muscle Cell (FM) Density, FE/FCOL Ratio, FE/FM Ratio,
and FCOL/FM Ratio).

Investigation techniques used. The measurement of aortic diameters was
performed on calibrated photographs of aortic wall rings fixed using specially built
software using the MATLAB programming environment (MathWorks, USA) [Seicaru
DA et al, 2021]. The determination of the other parameters was performed on virtual
slides colored with Orcein and Tricromic Goldner using two dedicated programs:
Aperio ImageScope [v12.3.2.8013] and another special morphometry module built
using the MATLAB programming environment (MathWorks, USA).

Data processing and interpretation. Preliminary data processing from the
cases entered in the database was performed using the Microsoft Excel module from
the Microsoft Office 2019 professional software package and the XLSTAT 2014 "add
in" program for the "Excel" module, trial version. The calculated statistical indicators
were: Lowest value (VMIN); Highest value (VMAX), Average value (VMEDIE) and
Standard deviation (STDEV). The statistical evaluation was performed using the
following tests: The "t" test (Two-Sample Assuming Equal Variances) and the

"Pearson" correlation test.

DISCUSSIONS

CAUSE OF DEATH

The two scales for evaluating the different causes of death found in our cases
were very different from each other. Using online accessible interactive international
databases [Seicaru DA et al, 2023, GBD CN 2018, Ritchie H et al, 2018], we were able
to collect data related to the hierarchies of the causes of death in the world and in our
country during the same period in which we established the group our study (year
2013).

The only perfect overlap between the two scales was between the "Aggressions"
group from the international scale and the "violent/suspicious causes of death" group
from our scale across all three data sets compared. Otherwise, the group of causes of

death from non-communicable diseases included, in all three case series, all deaths
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from vascular diseases and most of the deaths from non-vascular diseases in our
scale.

We included the group of deaths from communicable diseases in our group of
deaths from non-vascular diseases. We could see, on the one hand, that at the national
level this group represented the lowest percentage of all causes of death compared to
world statistics and even to our group. On the other hand, our Aggression/Violent
Death group had a significant extension (just over 30% of cases). The explanation is
somewhat technical, in the sense that, in order to obtain a wide range of ages, we
included in our observation group also forensic autopsies, found mostly in younger

deceased and with causes of death belonging to the group mentioned above.

VASCULAR WALL PROFILES DEPENDING ON SEX

In men, regardless of cause of death, aortic diameter decreased continuously
and significantly, nearly twofold, from the proximal to the distal end of the aorta. The
Tunica Intima, on the other hand, thickened steadily and also significantly, twice, from
the base to the level of the abdominal region. The tunica media suffered, like the aortic
diameter, a phenomenon of continuous but more attenuated reduction of its thickness
by 25% from the level of the base to the level of the abdominal region [Albu M, Seicaru
DA et al, 2022].

Regarding the fibrillary component, FE density had a continuous trend, but with
small fluctuations, of reduction from the proximal to the distal end of the aorta,
decreasing by 3%. FCOL density showed large fluctuations between the different
topographic regions of the aorta with an overall increase of only 2.3% between the
proximal and distal ends, with the lowest values in the thoracic region and the highest
values in the abdominal region. FM density also fluctuated along the aortic trajectory,
registering an overall increase of only 1.2% between the base and the abdominal
region, with the lowest values in the trunk region and the highest values in the thoracic
region [Albu M, Seicaru DA et al, 2021].

In women, aortic diameter also decreased continuously and significantly, also
nearly twofold, from the proximal to the distal end of the aorta. The Tunica Intima also
thickened, as in men, constantly and significantly from the base to the level of the
abdominal region, but more than twofold. The tunica media underwent, as in men, a
phenomenon of continuous reduction of its thickness, but approximately 30% from the
level of the proximal end to the level of the distal end [Albu M, Seicaru DA et al, 2022].

11



Regarding the densities of the fibrillary components, they recorded significant
fluctuations and different trends of evolution along the entire vascular path. Thus, the
FE density had an oscillating tendency to decrease from the proximal to the distal end
of the aorta, decreasing overall by 0.9%, but registering a significant increase at the
trunk region. FCOL density registered an overall increase of only 0.3% between the
proximal and distal ends, but with large fluctuations between the different topographical
regions of the aorta with the lowest values at the club region (3% lower than at the
base) and a return to slightly higher values at the distal end compared to the proximal
one. FM density also showed fluctuations along the aortic trajectory, but much more
attenuated, registering, overall, a discrete increase of only 0.7% between the base and
the abdominal region, with the highest values in the middle regions, with 2% higher
than those at the base level [Albu M, Seicaru DA et al, 2021].

THE PROFILES OF EACH PARAMETER IN THE THREE GROUOPS

The behavior of the average diameter of the aorta artery related to the type of
cause of death of the person can be characterized as follows:

The mean value of the aortic diameter decreased consistently and significantly
(around 40%) from the proximal end to the distal end of the aortic trajectory regardless
of the type of cause of death and was lower in the control group compared to the
groups with deaths due to disease states (vascular or non-vascular) by around 20% at
all topographical levels of the aortic pathway.

In the case of groups with deaths due to disease states, the average values of
the diameter recorded at the level of each group in the different topographical regions
were almost identical.

The same pattern of evolution was preserved in the two sexes taken separately,
with the mentions that the aortic diameter was always slightly larger in men than in
women in general, also slightly larger in men who died as a result of non-vascular
diseases than in those who died from vascular diseases and the difference between
the mean values of the diameter in the case of the control group in women compared
to the groups with deaths from pathological causes was significantly greater than the
same difference in men along the entire course of the vessel even if it was reduced
towards the distal end (33% — 25% vs 15% — 14%).

The behavior of the thickness of the Intima tunic related to the type of cause

of death (pathological or not) can be characterized as follows:
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Tunica Intima increased in thickness consistently and significantly (around 50%)
from the proximal end to the distal end of the aorta regardless of the type of cause of
death and was thinner in the control group compared to the group of deaths due to
disease states (vascular or non-vascular) at all topographical levels of the aortic tract
with up to 17% at the terminal end.

In the case of the groups with deaths due to disease states, the average values
of the thickness of the tunica Intima recorded at the level of the group with deaths from
vascular causes in the different topographical regions were, in general, slightly higher,
except for the terminal end of the vessel.

The same pattern of evolution was preserved in the two sexes taken separately,
with the mention that the thickness of the Intima tunic was, in women, always slightly
greater in the group of patients who died as a result of vascular diseases than in those
who died as a result of non-vascular diseases and , also in women, the difference
between the mean values of the thickness of the tunica Intima in the case of the control
group compared to the groups with deaths from pathological causes was significantly
greater than the same difference in men along the entire path of the vessel, being
accentuated towards the distal end of the vessel.

The behavior of the thickness of the tunica media related to the type of cause
of death (pathological or not) can be characterized as follows:

Tunica Media, in contrast, decreased in thickness consistently and significantly
(around 27%) from the proximal end to the distal end of the aorta, regardless of the
type of cause of death, and was slightly thinner in the control group compared to groups
with deaths due to disease states (vascular or non-vascular) at all topographical levels
of the aortic tract by between 1.5% and 7.5%.

In the groups with deaths due to disease states, mean tunica media thickness
values recorded at the level of the group with deaths from vascular causes were
generally slightly higher in the different topographic regions, except for the proximal
end of the vessel.

The same pattern of evolution was preserved in the two sexes taken separately,
with the mention that the thickness of the tunica Media was, in men, slightly higher in
the group of patients who died as a result of vascular diseases than in those who died
as a result of non-vascular diseases only in the proximal segments of the vessel while,
in women, the thickness of the tunica Media was slightly higher in the group of patients

who died as a result of vascular diseases than in those who died as a result of non-
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vascular diseases in the first three segments of the vessel and the difference between
the mean values of the tunica Media thickness in the control group versus the groups
with deaths from pathological causes was significantly greater than the same
difference in males along the entire course of the vessel.

The behavior of elastic fiber density (FE) related to the type of cause of death
(pathological or not) can be characterized as:

Elastic Fibers (FE) had a synchronous variation, with a continuous decreasing
trend along the aortic length, whether the person presents a pathological condition or
not. Their lowest levels are encountered in patients died from vascular pathology and
they are always more reduced than FCOL in people died from any pathological
condition, vascular or nonvascular and their highest densities were observed in control
group [Seicaru DA, Albu M et al, 2023].

The evolution pattern was somewhat preserved in the two sexes taken separately
in the sense of the hierarchy of the average values of the three groups. However, the
FE density in the control group was higher in women compared to men, the trend of
decreasing density values was more pronounced in the groups of patients who died
due to a pathological condition in men compared to women, the lowest density values
were found in patients who died due to vascular pathological conditions and the
difference between the control group and the groups with deaths due to pathological
causes was greater in women.

The behavior of collagen fiber density (FCOL) related to the type of cause of
death (pathological or not) can be characterized as:

Collagen Fibers (FCOL) have a synchronous variation with an oscillating but
stable trend along the aortic length only in people died from a non-vascular pathological
condition and in people died from a violent/suspicious cause of death (considered
control group). Their highest levels are encountered in patients died from vascular
pathology and they are always more elevated than FE in people died from any
pathological condition, vascular or non-vascular but more reduced than FE in people
died from a violent/suspicious cause of death (considered control group) [Seicaru DA,
Albu M et al, 2023].

The oscillating evolution pattern was also preserved for the two sexes taken
separately as well as the hierarchy of the average values of the three groups,
specifying that the differences between the groups were more pronounced in women

compared to men and the average values were generally higher in women versus men.
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The behavior of smooth muscle fiber (FM) density related to the type of cause
of death (pathological or not) can be characterized as:

Smooth Muscle Fibers (FM) had a synchronous variation with an oscillating but
slightly ascending trend along the aortic length, in people died from a pathological
condition (vascular or non-vascular), more pronounced in the group of patients dead
due to a vascular disease. In people died from a violent/suspicious cause of death
(considered control group), the trend, also oscillating, was a descending one.

Their highest levels are encountered in the first three aortic regions of people died
from a violent/suspicious cause of death (considered control group). Their amount is
always at least two times lower than that of the other types of fibers, regardless of
whether the person died due to a pathological condition or not.

The amount of FM was always at least twice that of the other two types of fibers,
regardless of whether the person died from a pathological condition or not [Seicaru
DA, Albu M et al, 2023].

In the two sexes taken separately, similar evolutionary patterns were observed,
but the ranking of the average density values in the three groups was totally different
in the sense that, in men, the highest values were found in the control group, while in
women, they were found in the group of patients who died due to non-vascular

diseases, at a significant distance from the other two groups.

COMPARISONS WITH FOREIGN STUDIES

We didn’t find too many data in the literature to compare with our results. in
general, most of the consulted studies were either reviews, with general
considerations, either were analyzes of the aortic wall as a whole.. In most of these
few studies, the quantitative assessment of the aortic wall resulted from ultrasound
investigation, only one study excepting ours, was a pathological one [Schriefl AJ et al,
2012 Bulut A et al, 2019; Koc AS & Sumbul HE, 2018 Sumbul HE and Koc AS, 2019].

In the consulted literature, we found only one study that compares the amounts
of FE and FCOL along different aortic regions [Dobrin PB, 1997].

CONCLUSIONS

The present study, including an individual and comparative analysis of the layers
of the aortic wall, the diameter of the vessel and the main morphological elements of
the aortic wall in relation to the different causes of death, led to some conclusions that

may have importance and applicability in medical practice:
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» The different pathological conditions that lead to death can influence both the
geometry of the aortic wall and the fibrillar composition of the tunica media of the
aorta. Thus, all the pathological conditions causing death determine an increase
in the aortic diameter and the thicknesses of the intima and media tunics
compared to the values found in deaths from violent or suspicious causes
considered as a control group.

» These changes occur against a general background of decreased aortic diameter
and tunica media thickness and increased tunica intima thickness along the
course of the aortic artery, regardless of whether death occurred due to a
pathological condition or not.

» All pathological conditions causing death (vascular or non-vascular) cause, at the
level of the tunica media, an increase in the amount of collagen fibers and a
decrease in the amount of elastic fibers compared to non-pathological conditions
causing death.

» In all these cases, the level of the density of collagen fibers is higher than the
level of the density of elastic fibers while, in cases that died due to non-
pathological conditions, the ratio is reversed, the amount of elastic fibers being
higher than that of collagen fibers.

» The sex of the deceased patients also left its mark on the phenomenon of
remodeling of the aortic wall along the path of the vessel, highlighting
particularities in the three groups of deceased patients such as:

e + higher diameter values in non-vascular diseases in men than in women,

e -« both tunics with greater mean thicknesses in women than in men in
vascular diseases,

e - divergent evolution of the main fiber types in women compared to men
in vascular diseases, consisting of a lower value of the density of elastic
fibers and a higher value of the density of collagen fibers.

» + We believe that the studies must be continued and expanded to reveal other
changes in the morphology of the aortic wall in particular and of the vascular wall
in general that could be linked to the pathological conditions that lead to death

but which, until this moment, in fact, affects the whole body.
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PERSONAL CONTRIBUTIONS

The present study is part of a more extensive project to evaluate the phenomenon
of aging of the component structures of the cardiovascular system - cardiac wall and
arterial wall, a project that began more than 10 years ago within the Discipline of
Pathological Anatomy and the Doctoral School of the University of Medicine and
Pharmacy in Craiova under the coordination of Professor lancu Emil Plesea and
continued at the Doctoral School of the "Carol Davila" University of Medicine and
Pharmacy in Bucharest.

The evaluation of the complex morphological remodeling of the macroscopic and
microscopic component elements of the wall of the most important arterial vascular
segment in the human body at all its topographical levels in relation to the pathological
conditions that cause death is, to our knowledge, the only one of its kind in the
specialized literature in our country.

Apart from this, the original but also innovative character at the same time is
supported by the evaluation algorithm of different morphological parameters, which
was based on the concept of their quantitative, objective analysis, which is possible
thanks to the use of Atrtificial Intelligence represented by dedicated computational
analysis tools for macroscopic and microscopic images, some created especially for
the project, an element of originality but also of novelty at the same time both in the
methodology of morphological investigation in our country and abroad.

Another element of originality of the investigation algorithm is the individual and
comparative approach of each morphological, macroscopic or microscopic parameter
in relation to three maijor criteria: the topography at the level of the aorta artery, the
type of cause of death and the sex of the cases.

The validation of the results obtained during the study was consistent, namely:
four articles published in ISI rated journals as first author (2) or main author (2) and six

communications at prestigious scientific events both in our country and abroad.
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