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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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 µm2 at magnification × 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
(n=66)

Dissection
(n=43)

Significance, 
p

Age, years 55 (13) 50 (10) 0.050
Aneurysm diameter, 
mm 58 (11) 57 (9) 0.935

Hypertension, % 71 93 0.002*
CHD, % 34 44 0.287
Blood leukocytes, 109/l 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.

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 

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.
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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.

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 

and macrophages into the medial layer of the vessel. It has 
also been found that some cytokines and chemokines (TNF-α, 
interferon-γ, 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 
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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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