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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background and Aims: In recent years, the prevalence of
thoracic aortic aneurysm has increased, and in most cases this
pathological condition is diagnosed accidentally. The aim of
the current study was to determine the relationship of clinical,
laboratory and morphological data with the presence of aorta
wall dissection in patients with thoracic aortic aneurysm to
reveal factors associated with aorta dissection.

Materials and methods: The following data of 109 patients
mean aged of 53 years with thoracic aortic aneurysm (43 patients
with aortic dissection) were analyzed: presence/absence of
arterial hypertension, indicators of general blood analysis and
blood biochemistry, immunomorphological characteristics of
the expression of Von Willebrand factor.

Results: Statistically significant differences were found
between the incidence of arterial hypertension with respect
to the presence or absence of aortic dissection (p=0.002), the
relationship between the content of lymphocytes (p=0.021),
segmented neutrophils (p=0.001) and the presence of Von
Willebrand factor in the medial layer of the aorta, i.e., the
prevalence of vasa vasorum (p=0.018), with aortic dissection.
The average expression area of Willebrand factor in the medial
layer of the aorta during dissection was 3.6 (1.5) %, and in
patients without aortic dissection — 0.8 (0.3) %.

Conclusion: The results of the study indicate that aortic
dissection in patients with thoracic aortic aneurysm is
associated with high blood pressure and is accompanied by the
development of an inflammatory reaction.

Key words. Thoracic aortic aneurysm, aortic dissection, Von
Willebrand factor, inflammation.

Introduction.

Aneurysm and dissection of the thoracic aorta is a
cardiovascular disease with early development and rapid
progression, with a high probability of fatal complications,
which makes it highly relevant to study the pathogenetic
mechanisms of the development of aortic dissection in order to
develop new diagnostic algorithms and treatment approaches
[1]. It is known that the development of aneurysmatic expansion
of the aorta in the thoracic region most often has a hereditarily
determined character associated with disorders in genomic
DNA [2-4]. Genetical predetermined changes in the protein
composition and structure of the aortic wall are compensated,
and patients can live to a very old age. The threat of rupture of
the aortic wall with the development of fatal consequences for
the patient is almost unpredictable. There are clinical studies
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that show an increased threat of aneurysm dissection in patients
with arterial hypertension and a number of other concomitant
pathologies [5]. According to the results of morphological
studies of postoperative material, we have previously shown
that aortic rupture is not an instantaneous catastrophe, but a
rather long process accompanied by a reaction of the vessels
supplying the aorta, inflammatory infiltration in the adventitia
and medial aortic membrane with a pronounced macrophage
reaction [6,7]. The article presents the results of the analysis
of clinical laboratory and morphological data of patients with
thoracic aortic aneurysm and their association with the presence
of aorta dissection.

Materials and Methods.

The study was performed in accordance with the Declaration
of Helsinki and approved by the local Ethics Committee of the
Petrovsky National Research Center of Surgery (Approval No.3,
17 March 2022). The study conducted a retrospective analysis
of clinical and morphological data of 109 patients with thoracic
aortic aneurysm with and without aortic dissection.

The following characteristics of study participants were
analyzed: presence of arterial hypertension and coronary
heart disease, aneurysm diameter, indicators of blood general
analysis and blood biochemistry (C-reactive protein (CRP) and
bilirubin level, number of erythrocytes, leukocytes, percentage
of eosinophils, neutrophils, lymphocytes, monocytes, platelet
count, erythrocyte sedimentation rate (ESR) were assessed
by standard laboratory procedures). The expression of the
von Willebrand fac-tor (a marker of the endothelium and,
accordingly, vessels) in various layers of the aortic wall was
evaluated with immunomorphological methods.

The segments of the aortic aneurysm wall were obtained during
the operation of prosthetics of the aortic aneurysm. Aortic
segments removed from patients were immediately fixed in 10%
formalin. Then the fixed segments of the aortic aneurysm were
treated according to the generally accepted method and poured
into paraffin. The sections were examined using antibodies to
the von Willebrand factor (Sigma Immuno-Chemicals, USA).
Antibodies were visualized using an immunoperoxidase
reaction in the Ventana immunostainer (Roche, USA) using an
immunoperoxidase reaction according to a generally accepted
technique. Morphometric studies were carried out using a Scan
Scope device from Leica, Germany with the Image Scope
morphometric pro-gram (Leicamycrosystems CMS Gmbh,
Austria). The number of vasa vasorum was calculated on an area
of 495 pm2 at magnification x 400 in six different, randomly
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selected fields of view (in 6 fields of view in the media slice and
in 6 fields of view in adventitia) using the Scan Scope tool using
the Image Scope morphometric program. In order to obtain
the most objective data, all calculations of vasa vasorum were
carried out by two researchers independently of each other.

Data processing was performed using the R programming
language in the R Studio environment (version 1.2.5042, R
Studio, Inc.) [8]. Descriptive statistics, statistical hypothesis
testing, and linear modeling were carried out using a basic
set of R functions. The Kolmogorov-Smirnov test was used
as a statistical test of the normal distribution of quantities in
the Lilliefors modification. The Fligner-Kilin test and the
Barlett test were used to assess the uniformity of variances of
quantities. Emissions were determined using the Bonferroni
test. Comparative analysis of averages was carried out by
the Kruskal-Wallis test. For nominal variables, conjugacy
tables were compiled, the relationship of variables in which
was established using an accurate Fisher test. The correlation
between the variables was determined using the Spearman
coefficient. For all statistical tests, the probability of making a
mistake of the first kind was assumed to be equal to or less than
5%, and confidence intervals were determined in the range of
95%.

Results.

Totally 109 participants were included in the study. The
average age of patients was 53 years, from 18 to 79, 72% male
participants: 77% of patients with arterial hypertension. The
patients were included in 2 groups: with aorta dissection (n=43)
and without dissection (n=66). The clinical and laboratory
characteristics of study participants are presented in Table 1.

The relationship between quantitative variables and the
presence or absence of aortic dissection was investigated using
conjugacy tables. As a result, statistically significant differences
were found between the incidence of arterial hypertension with
respect to the presence or absence of aortic dissection (p=0.002).
A comparative analysis of these differences is presented at
Figure 1.

Table 1. Clinical and laboratory characteristics of study participants.

Characteristics No dissection | Dissection Significance,
(n=66) (n=43) p
Age, years 55 (13) 50 (10) 0.050
Aneurysm diameter, 58 (11) 57 (9) 0935
mm
Hypertension, % 71 93 0.002%*
CHD, % 34 44 0.287
Blood leukocytes, 109/1 9.4 (3.7) 9.4 (4.6) 0.998
Segmented "
neutrophils, % 59 (11) 66 (10) 0.001
Lymphocytes, % 23 (13) 17 (12) 0.021*
ESR, mm/h 19 (13) 23 (15) 0.151
CRP, mg/l 52 (43) 60 (56) 0.587
Expression of vWF in %
media, % 0.8 (0.3) 3.6 (1.5) 0.018
Expression of vWF in
adventitia, % 4.5(1.4) 6.5 (2.6) 0.127

CHD: coronary heart disease; CRP: C-reactive protein; ESR:

Erythrocyte sedimentation rate; Vwf: von Willebrand factor.
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Figure 1. Comparative analysis of cases of arterial hypertension
regarding the presence of aortic dissection based on Fischer test.

Figure 2. Thoracic aortic aneurysm. a) Brown coloration of the Vasa
vasorum endothelium in the adventitia of the vessel. Antibodies to the
von Willebrand factor. Immunoperoxidase reaction. Cell nuclei are
stained with hematoxylin, x200; b) formed Vasa vasorum in the medial
membrane of the aortic aneurysm. Antibodies to the von Willebrand
factor. Immunoperoxidase reaction. The cell nuclei are stained with
hematoxylin, x400.

As for the relationship of quantitative variables with cases
of aortic dissection, the relationship between the content of
lymphocytes, segmented neutrophils and the presence of von
Willebrand factor in the medial layer of the aorta, i.e., the
prevalence of vasa vasorum, with cases of aorta dissection was
revealed. The results of a comparative analysis of the level of
lymphocytes demonstrate significant decrease of lymphocyte
count in aortic dissection: in a subgroup of patients with
dissection, p=0.021, which is 26% less than in the group of
patients without dissection. At the same time, the results of
a comparative analysis of the level of segmented neutrophils
demonstrate a significant increase of neutrophils count in aortic
dissection in a subgroup of patients with dissection, p=0.001,
which is 12% more than in the group of patients without
dissection.

Figure 2 presents the immunomorphological examination of
the aortic wall with an endothelial marker (von Willebrand
factor). With a pronounced inflammatory re-action, the ingrowth
of newly formed vessels into the medial layer of the aorta is
demonstrated, which is confirmed by morphometric data.

The results of a comparative analysis of the expression area
of von Willebrand factor in the medial layer of the aorta, which
reflects the presence of vasa vasorum shows a significant



increase of vasa vasorum in samples of aortic dissection.
The average level of von Willebrand factor expression was
3.6 (1.5) % in dissection samples, and 0.8 (0.3) % in patients
without aortic dissection, p=0.018 (Figure 3). Expression of
von Willebrand factor in adventitia was also higher in samples
of patients with dissection, but this difference didn’t reach
statistical significance.
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Figure 3. Comparative analysis of the level of von Willebrand factor
in the media layer of aorta for cases of presence or absence of aortic
dissection in accordance with the Kruskal-Wallis test.

All other qualitative and/or quantitative variables were
checked for their association with aortic dissection. Despite
the fact that there is some correlation between the variables,
no other statistically significant association of any parameters
including CRP level and ESR with aortic dissection was found.

Discussion.

Timely diagnosis of a thoracic aneurysm and subsequent
dynamic monitoring of patients is a basic element of prevention
of life-threatening events, such as aortic dis-section and rupture.
Regardless of the etiology and localization of the aneurysm in
the thoracic aorta, patients develop morphological changes in
the medial layer of the vessel. Changes in the media of the aorta
at some point become critical, that lead to a violation of the
sealing of the thoracic aorta and rupture of the aneurysm [9-11].

The aneurysmally expanded area of the aorta is constantly
affected by systemic arterial pressure. Therefore, the presence
or absence of arterial hypertension in patients with thoracic
aneurysm may serve as a risk factor for aortic rupture. In this
study, we conducted an analysis of the incidence of hypertension
with respect to the presence or absence of aortic dissection. The
results indicate a higher incidence of aneurysm dissection in the
group of patients with arterial hypertension. Thus, the presence
of arterial hypertension should be taken into account in order
to conduct additional diagnostic methods and clarify the risk
stratification in patients with thoracic aortic aneurysm.

The conducted studies demonstrate the involvement of
an inflammatory reaction in morphological changes in the
aortic wall. It was shown that inflammation is involved in the
pathogenesis of aortic aneurysm by migration of T-lymphocytes
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and macrophages into the medial layer of the vessel. It has
also been found that some cytokines and chemokines (TNF-a,
interferon-y, IL-1, IL-2, IL-6 and IL-8) are activated and
contribute to the attraction of other inflammatory cells into the
aortic wall [12-14]. In the study, we identified a population of
immunological cells, the level of which is in-creased in patients
with thoracic aneurysm dissection. Comparative analysis of the
level of lymphocytes in the blood formula in cases of presence or
absence of aortic dis-section showed a decrease in lymphocytes
in the group of patients with aortic dissection. Such a decrease in
lymphocytes may be associated with the migration of these cells
into the adventitia and medial membrane, so in these patients we
found infiltrates from T cells in the wall of the aortic aneurysm.
It can be assumed that the bone marrow does not have time to
react to a decrease in the number of these cells in the blood.

Moreover, we found a relative increase in the level of
segmented neutrophils in the blood formula in patients with aorta
dissection. Thus, the average level of segmented neutrophils in
the blood formula was higher than the level of similar cells in
patients without aorta dissection. These data may indirectly
indicate inflammation of the aneurysm wall and the possible
involvement of latent bacterial infection in the development
of an inflammatory reaction and the initiation of dissection of
the aortic wall. Since the study was performed on a significant
number of patients (the aorta samples of 109 patients were used
for analysis), with an adequate mathematical analysis of the
obtained data, it should be recognized that the connection of
aortic aneurysm dissection with an increase in the percentage of
segmented neutrophils in the blood is natural. In addition, the
material for the study was taken during an operation carried out
as planned, i.e., there were no symptoms of the presence of an
acute inflammatory process before patients were operated on.

A number of recent studies have demonstrated the possible
role of von Willebrand factor in the pathogenesis of aortic
aneurysms [15,16]. In our study, we found a statistically
significant change in expression of von Willebrand factor in the
aortic media among patients with thoracic aneurysm dissection.
Comparative analysis of the level of von Willebrand factor
in the media for cases of the presence or absence of aortic
dissection has demonstrated that in the group of patients with
aneurysm dissection, the average level of the von Willebrand
factor was more than four times higher than in patients without
the dissection of aorta aneurysm. The influence of the von
Willebrand factor on the frequency of aortic dissection is
probably associated with fenestration of the vascular wall. In
response to the violation of the integrity of the aortic wall, there
is an activation of factors of the hemostasis system, which is
the von Willebrand factor. Thus, an increase in the activity of
the factor may reflect the dynamics of structural transformations
of the vascular wall during dissection of the thoracic aortic
aneurysm.

The results of our study demonstrate statistically significant
changes in immunological parameters in patients with thoracic
aortic aneurysm. In the study, we were able to identify and
characterize the population of immunological cells, the level of
which is increased in patients with aortic aneurysm dissection.
The identified immunological indicators may have diagnostic
value and be used to clarify the risk stratification in patients with



thoracic aorta aneurysm. It should be noted that in this study
we were unable to identify a significant association of the level
of lymphocytes, segmented neutrophils and expression of the
von Willebrand factor in the media layer of aorta with arterial
hypertension in patients with aortic dissection. Consequently,
this fact suggests a certain independence of the pathogenetic
pathways of a thoracic aneurysm under the action of arterial
hypertension and an inflammatory reaction in the aortic wall.

Conclusion.

The data obtained demonstrate that dissection of the thoracic
aortic aneurysm most often occurs in patients with high
blood pressure and proceeds through the development of an
inflammatory reaction with neoplasm of the vessels of the aortic
wall and their germination into the medial membrane, where
normally vessels are extremely rare. The inflammatory reaction
is accompanied by an increase in the ratio of lymphocytes to
segmented neutrophils in the blood formula. The appearance
of de-scribed changes will help the physicians to speed up
the preparation for a surgical treatment of an aortic aneurysm,
especially if it occurs in patients with arterial hypertension.
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