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Predicting changes in an aneurysm sac after
endovascular abdominal aortic aneurysm repair

S. N. Furkalo, I. V. Khasyanova, E. A. Vlasenko

Kurzfassung: Maglichkeiten zur Prognostizie-
rung der Dynamik des Aneurysmasacks nach

Endoprothese der Bauchaorta. Hintergrund:

Im Rahmen von Studien wurden die Diagnostik
und Stabilitdtsprognose des Aneurysmasacks
(AS) bei Patienten mit Bauchaorta-Aneurysma
nach Aorta-Endoprothese je nach pathomor-
phologischen Verdnderungen im Bereich des
chirurgischen Zugangs durchgefiihrt. Eine
morphologische Untersuchung der Arteria
femoralis communis (AFC) wurde bei 38 Pa-
tienten (2 Frauen, 36 Manner) durchgefiihrt,
das durchschnittliche Alter betrug 66,1 + 2,1
Jahre.

Ergebnisse: Es wurden in 22 Fallen (57,8 %)
direkte Anzeichen von Atherosklerose und in
14 Fllen (36,8 %) Anzeichen von degenerativen
Veradnderungen beobachtet. In 2 Féllen (5,26 %)
dominierten im pathologischen Bild die Ent-
ziindungsreaktionen. Die statistische Analyse
zeigte, dass eine stabile Beziehung zwischen
der Art der morphologischen Veranderungen in
der AFC-Wand und der GrélRe und Dynamik des
AS nach Endoprothese besteht. Fiir atheroskle-
rotische Verdnderungen ist eine Reduktion des
AS auf 77,7% typisch, wahrend die Reduktion
des AS bei degenerativen Verdnderungen nur
in 28,7 % beobachtet wurde. Bei 64,2 % fehlen
Anderungen des Sackes oder der Sack hatte
sich vergroRert.

Zusammenfassung: Die morphologischen
Studien an der AFC-Wand bei Patienten
schlussfolgern, dass die Wahrscheinlichkeit
der Reduktion des AS nach der Endoprothese
im Falle der vorherrschenden atheroskleroti-
schen Verénderungen in den GefdBwéanden
um das 16,5-Fache — OR 16,5 (2,79-97,68) steigt.
Degenerative Verédnderungen haben eine un-
glinstige Prognose. Die Wahrscheinlichkeit der
AS-Reduktion wird um 94 % verringert AM—0R
=0,06 (0,01-0,36).

Schliisselwaorter: Aneurysma der infrarenalen
Bauchaorta, Endoprothese, Aorta, Endoleak

Abstract: Background: The aim of this study is
to predict the aneurysm sac condition using the
analysis of morphological studies of the anteri-
or wall of the common femoral artery.
Materials and Methods: In this study, a meth-
od for diagnosing and predicting the stability of
aneurysm sac in patients with abdominal aortic
aneurysms after endovascular aortic aneurysm
repair, depending on the type of pathomorpho-
logical changes at the surgical access site,
was used. The morphological study of the com-
mon femoral artery (CFA) was performed in 38
patients. The average age of patients was 66.1
+ 2.1, including 2 women and 36 men. The sum-

mary of the obtained results showed that in 22
cases (57.8%) there were direct signs of ather-
osclerosis, in 14 cases (36.8%) — manifestations
of dystrophic changes and in 2 cases (5.26%)
inflammatory reactions dominated among the
pathologies.

Results: Statistical analysis showed that
there was a stable and significant relationship
between the nature of morphological changes
in the CFA walls and the aneurysm sac (AS)
size after endovascular repair. In atheroscle-
rotic changes, a decrease in the AS size was
observed in 77.7% of cases, while in degenera-
tive changes, the AS size decreased in 28.7%
of cases only, and in 64.2% of cases, changes
were absent or the sac size was increased.

Conclusion: Therefore, the morphological
studies of the CFA walls in patients showed that
in prevailing atherosclerotic changes in the ar-
tery walls, the probability of the AS size reduc-
tion after endovascular repair increased by
16.5 times — OR-16.5 (2.79-97.68). In dystrophic
changes, the prognosis was unfavourable —the
probability of the AS size reduction decreased
by 94% — OR = 0.06 (0.01-0.36). Z GefaBmed
2020; 17 (1): 8-13.

Key words: infrarenal abdominal aortic aneu-
rysm, endovascular aortic aneurysm repair, en-
doleak

Abbreviations

AAA = abdominal aortic aneurysm

AS = aneurysm sac

CFA = common femoral artery

EVAR = endovascular aneurysm repair
IEM = internal elastic membrane

SMC = smooth muscle cells

Introduction

Endovascular aneurism repair (EVAR) of infrarenal ab-
dominal aortic aneurysm (AAA) is one of the high-tech, less
traumatic and advanced surgical techniques. The continuous
improvement of surgical equipment and development of more
advanced vascular prothesis have significantly reduced perio-
perative mortality, injury and rehabilitation time [1, 2]. The
share of endovascular aneurysm repair of infrarenal abdomi-
nal aortic aneurysm in the developed European countries and
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Americas is about 70% of all surgical interventions for infrare-
nal abdominal aortic aneurysm (AAA) [3].

Endovascular abdominal aortic aneurysm repair is a highly-
technological and rapidly developing trend in the treatment of
patients with abdominal aortic aneurysms (AAA) [4, 5]. With
the development of endovascular equipment and clinical ex-
perience, the indications for this intervention are gradually ex-
panding [6]. Due to this fact, a number of patients with AAA,
for whom the only option was a traditional surgical correction,
have an option of treatment using less traumatic mini-invasive
techniques [7-9]. This is especially important for elderly pa-
tients with concomitant comorbidities and, consequently, in-
creased risks related to surgical intervention.

Atthe same time, the results of long-term observations of patients
after endovascular aortic repair showed the need for continuous
monitoring and repeated interventions, compared to patients
undergoing traditional surgical procedure [10, 11]. The results
of the EVAR-1 and EVAR-2-studies directly show an increased
frequency of aneurysm-related complications during a long-
term follow-up (more than 10 years) [12]. Despite the fact that
the above studies summed up the experience of endovascular
interventions which was obtained at the initial stages of clinical
use of the technique, using older and less advanced generations
of endovascular equipment, these results caused a certain discus-
sion in the medical circles, putting into question a long-term ad-
vantage of endovascular abdominal aortic aneurysm repair [13].
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It is obvious that late complications, endoleaks and a tendency
toward aneurysm sac enlargement do not occur in all patients
and most patients have stable long-term effects, confirmed by
special studies, over 10-15 years [14, 15]. Therefore, a prog-
nostic assessment of the patients‘ condition and a possibility
to identify patients with predicted long-term outcomes of en-
dovascular repair, as well as identification of parameters indi-
cating supposedly negative long-term effects of endovascular
techniques, is of paramount importance in the practice of vas-
cular surgery [16-18].

The purpose of this study is to predict the aneurysm sac condi-
tion using the analysis of morphological studies of the anterior
wall of the common femoral artery.

Materials and Methods

This study is based on the analysis of the treatment results in
110 patients who underwent EVAR of AAA from November
2005 to November 2015 in the SE O.O. Shalimov National In-
stitute of Surgery and Transplantology of the NAMSU Kyiv.

During the study, the method oflife-time diagnosis of the patho-
logical process in the aortic wall associated with aortic aneu-
rysms, was used [19]. During endovascular repair, the CFA an-
terior wall is accessed using traditional surgery to insert a stent-
graft through it under X-ray control. When the artery is closed
with sutures, the surgeon has the opportunity to take the mate-
rial for the morphological study of the vascular wall. The biopsy
of the CFA anterior wall was performed before its suturing after
implantation of the stent. Hypothetically, changes in the CFA
wall reflect the aortic wall condition in the area of the aneurysm
sac. For a morphological study, the obtained samples were treat-
ed according to the generally accepted method, stained with he-
matoxylin and eosin and studied under the optical microscope
with a magnification of eyepiece 10, objective 20.

Morphological studies of the CFA walls were performed in 38
patients with infrarenal AAA. Mean age of the patients was 66.1
+ 2.1 years, including 2 women and 36 men. At the time of in-
tervention, mean AS size did not show statistically significant
differences (p = 0.448) and was: 55.4 + 1.5 mm in the group
of predominant atherosclerotic changes, 53.4 + 1.9 mm in pre-
dominant dystrophic changes and 59.0 + 2.0 mm in the group
of predominant inflammatory changes. The obtained material
was fixed in 10% neutral formalin solution. After routine histo-
logical treatment, 4-5 micron sections were cut from paraffin
blocks and stained with hematoxylin and eosin; the collagen
fibers were stained using the Van Gieson's stain and the elastic
fibers using the Weigert method; the Schick test was performed.

The histological preparations were described according to our
own scheme: there were changes in intima, internal elastic
membrane (IEM), tunica media and tunica adventitia. In gen-
eral, a degree of preservation of the CFA wall normal structures
was estimated. In intima, thickness, presence of endothelium,
peculiarities of the intercellular matrix and presence of dissec-
tion were studied. The appearance of the internal elastic mem-
brane, maintaining of its structure and orientation of elastic
membranes were described. In tunica media, changes in thick-
ness, nature of degenerative changes in smooth muscle cells

Table 1. Distribution of patients by the nature of chan-
ges in the CFA wall

Nature of predomi- Number, Age, P (F)
nant morphologic (%) years (M = m)

changes

Atherosclerotic 22 (579) 66.8 £ 2.2 F=0.17
Dystrophic 14 (36.8) 65.7+ 1.9 p =0.846
Inflammatory 2 (5.3) 675+ 25

Total 38 (100) 66.1 + 2.1

and elastic membranes, as well as presence of cysts, hemocapil-
laries and slit-like blood vessels were examined. In tunica ad-
ventitia, a degree of its sclerosis, presence of vascular reactions
and severity of inflammatory infiltration were investigated.

The studied preparations were photographed. The CFA wall
structures from different biopsies were compared regarding
postoperative changes in the AS size and the presence or ab-
sence of endoleaks.

Results and Discussion

Based on prior histologic analysis of biopsy samples, three
main types of pathological changes were identified: athero-
sclerotic lesions of the vessel wall, dystrophic changes without
direct signs of atherosclerosis and inflammatory infiltration of
the vessel wall (Table 1).

There were no significant differences in age in the groups with
different pathological changes in the FCA wall. The cases of
atherosclerosis were cases when biopsy revealed direct mor-
phological signs of atherosclerosis with the presence of various
types of atherosclerotic plaques. There were 22 cases. In the
group with predominant dystrophic wall damage, there were
no direct morphological signs of atherosclerosis. In this group,
the biopsy showed mild sclerosis, as well as areas of dysplasia
of the smooth muscle cells (SMC), areas of fibro-muscular dys-
plasia, dissection and cysts. This group included 14 cases. In 2
cases, the signs of acute and sub-acute inflammatory reaction
dominated among pathological changes, indicating the pres-
ence of aortic arteritis. Such division was found feasible in the
course of the study and for the assessment of changes in the AS
size during a long-term follow-up.

Morphological results obtained during the study of the CFA
wall were extrapolated to the aortic walls and aneurysm. We
consider this reasonable, as many studies confirm systemic na-
ture of large arteries involvement. It should be noted that the
division into atherosclerotic and dystrophic changes is rather
conventional and is necessary for the analysis of the mate-
rial obtained during biopsy. The absence of direct evidence of
atherosclerosis in biopsy samples does not exclude its presence
in neighbouring, non-examined sites [20, 21]. In addition, the
above mentioned severe degenerative changes in the aortic
wall may be observed in combination with atherosclerosis.

In primary histological studies of biopsy samples, all layers of
the CFA wall were expected without significant structural dam-
age, as the macroscopic analysis showed intact artery walls in
the area of biopsy. However, the first results showed significant

Z GEFASSMED 2020; 17 (1) 9



Predicting changes in an aneurysm sac after endovascular abdominal aortic aneurysm repair

Figure 1. CFA wall. Moderate intimal fibroplasia, individual SMCs,
slight connective tissue swelling and sclerosis. Cell separation
and exfoliation. Van Gieson staining (x200).

Figure 3. CFA wall. Severe IEM (indicated by the arrow). Intima
and media sclerosis. Van Gieson staining (x200).

Figure 2. CFA wall. (a) Intimal hyperplasia, SMC proliferation, fo-
cal myxomatosis. Hematoxylin and eosin staining (x100); (b) ede-
ma, moderate fibroplasia, intimal sclerosis, SMC dystrophy. Van
Gieson staining (x200).

degenerative changes in the CFA wall, involving all layers of the
vessel walls (intima, IEM, tunica media, tunica adventitia and
surrounding cellular tissue) in most cases.

In addition, pathological signs and their rates in different pa-
tients were different, which created a polymorphic and rather
individualized picture in each individual case. Therefore, it was
considered appropriate to determine the morphological semi-
otics of lesions in each structural element of the CFA wall while
describing and evaluating the material.

Pathological changes in the intima were present in several vari-
ants. In the first variant, the intima had an ordinary thickness,
was well differentiated with uniformly arranged SMCs, the in-
tercellular matrix had moderate volume, homogeneous, stained
pink, and had a relatively dense layer of flattened endothelial
cells. However, this condition of the intima was observed only
in one of the observations. In the second variant, the intima
is thinned, unevenly scleroid (moderate intimal fibroplasia),
exfoliated from the inner elastic membrane, edema of the ex-
tracellular matrix is observed, the SMC is disorganized, the en-
dothelium is differentiated as individual flattened cells (Fig. 1).

In the following variant (Fig. 2), the intima is uneven, focally
thickened, with edema, fibrosis and myxomatosis areas. In
some cases, collagen fibers form foci with SMCs with small
nuclei and pronounced dystrophic changes. In some cases, the
intima is not differentiated at all, as it merges with the scle-
rotic medium sheath. In each case, changes of various severity
and their various combinations can be observed. These are the
main signs of intimal structure disorders.

10 Z GEFASSMED 2020; 17 (1)

Figure 4. CFA wall. (a) Thinning and sclerosis of the vessel wall,
adventitious sclerosis. Schiff (PAS) reaction (x40); (b) lysis of
SMCs and elastic membranes with cysts. Azure Il and eosin stai-
ning (x400).

Figure 5. CFA wall. (a) Atheromatous plaque. Van Gieson staining
(x100); (b) atheromatosis and calcification associated with sclero-
sis of the media. Schiff (PAS) reaction (x100); (¢) lipid plaque in the
wall of the CFA, neoangiogenesis. Schiff (PAS) reaction (x200); (d)
atherosclerotic plaque with inflammatory infiltration. Hematoxy-
lin and eosin staining (x100).

In some cases, the internal elastic membrane with a relatively
clear structure was preserved (Fig. 3). In several cases, its full
or partial fragmentation, swelling, uneven thickness, splitting
of fibers, areas of intima detachment or its complete absence
were observed.

The most severe pathological changes were observed in the
medium sheath. The most common changes include sclerosis
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Table 2. Dependence of AS volume changes on the type
of morphological changes in the wall of the common
femoral artery

Wall changes Aneurysm sac shrinkage (in %) P (F)
Atherosclerotic  —20.38 + 2.79 F=10.32
Inflammatory -10.9 + 16 HSUElee
Dystrophic -0.17 £33

Total -13.16 £ 2.62 -

and thinning of the medium sheath, dystrophic changes of
SMCs with edema and cell lysis and cysts, sclerosis, disorgani-
zation and disorientation of SMCs and elastic membranes. Dif-
ferent sclerosis areas (diffuse, linear, reticular, with vortex and
nodules) were observed. Focal proliferation of small capillaries
located separately, as chains or clusters; areas of stratification
of various sizes, foci of fragmentation and lysis of elastic mem-
branes with the formation of cysts could be observed in the
vessel wall at different levels. As a result of the SMC dystrophy
and diffuse sclerosis, the artery wall resembled the structure
of cartilage in density and structure in some areas (Fig. 4, 5).
Some of these signs were typical of fibromuscular dysplasia,
and some of them were characteristic of stratification and
pathological deformations.

Atherosclerotic lesions had a significant frequency and were
observed in more than half of the studied biopsy specimens.
These include lipid, atheromatous, fibrous plaques, areas of
mucoid degeneration and calcification, sometimes with peri-
focal minor lymphohistiocytosis infiltration (Fig. 5). In some
cases, thrombotic layers were observed.

In adventitia and in the surrounding tissue, the pathological
changes were fairly uniform. Severe sclerosis in combination
with numerous sclerosed capillaries, dilation and congestion of
the veins, expansion of lymphatic collectors and lymphostasis
dominated. In most cases, diffuse, diffuse and focal, pericapil-
lary lymphoid infiltration, lymphoid nodules were observed in
adventitia. In two cases, areas of acute inflammation were found
in the biopsy specimens of arterial walls with fibrosis (Fig. 6),
which was regarded as a manifestation of aortoarteritis.

A generalization of the results showed that a complex of fairly
uniform morphological changes was found in biopsy speci-
mens, but direct signs of atherosclerosis were confirmed in 22
cases (57.8%). In 14 cases (36.8%), there were no direct signs

Figure 6. CFA wall. (a, b) Areas of acute inflammation in the vessel
walls, vessel wall sclerosis. Schiff (PAS) reaction (x40).

of atherosclerosis, but lamination areas, fibromuscular dyspla-
sia areas and other manifestations of dystrophic changes were
observed. In one case, dystrophic changes were observed in
combination with leiomyoma. In 2 cases (5.26%), acute inflam-
matory reactions dominated the pathological pattern.

Based on the results of histopathological studies, the links
between changes in the CFA wall and the dynamics of AS
changes in the preoperative, early and late postoperative pe-
riod were analysed. The dependence of the changes in AS size,
when morphological characteristics of the CFA walls were pre-
operatively monitored in patients, is presented in Table 2.

The statistical analysis showed that there is a stable reliable
correlation between the nature of the morphological changes
in the CFA wall and the changes in the AS size after the en-
doprosthesis. Atherosclerotic changes are characterized by a
decrease in AS volume of 77.7%, while a decrease in AS volume
is observed with dystrophic changes without signs of athero-
sclerotic lesion only in 28.7%, and changes in the sac size are
absent or the sac increases in 64.2%.

It can be considered a proven fact that in cases with severe
atherosclerotic changes in biopsy, the frequency of leakage is
less compared to dystrophic changes [22, 23]. This gives reasons
for a more detailed study of the correlation of these patterns to
explain and create a therapeutic prognostic model in order to
predict the possible unsatisfactory results of endoprosthetics in
the form of blood leakage in AS based on the study of morpho-
logical changes in the CFA wall biopsies.

In the absence of the dynamics of AS changes, the morpho-
logical characteristics of the CFA wall are also not significantly
different, except for individual cases with intimal edema and
hyperplasia areas, an increase in the number of cystic forma-
tions and media stratifications, and a slight increase in the in-
flammatory response in adventitia.

Increased AS size cases had slightly different morphological
characteristics according to their list and severity. Increased
size was associated with increased size and number of cysts
and stratification sites, signs of fibromuscular dysplasia and
increased inflammatory response in adventitia. These signs
can be arranged in the following order by their significance:
1) increased inflammatory reaction in adventitia with edema,
severe microangiomatosis and lymphocytic focal and diftuse
infiltration; 2) signs of fibromuscular dysplasia; 3) intimal
edema and hyperplasia; 4) cystic formations and stratification
in media.

Each of the above symptoms has a specific clinical significance.
Thus, an increase in the inflammatory reaction in adventitia
with edema, severe microangiomatosis, and lymphocytic focal
and diffuse infiltration indicates that adventitia, which plays
a significant form-reducing role in pathology of the vessels,
loses rigidity and can be relatively easily deformed under the
influence of lateral pressure.

Fibromuscular dysplasia is an independent pathology with
systemic lesions of large vessels or can be observed as an el-

ement of a local dystrophic process [24]. In the presence of

Z GEFASSMED 2020; 17 (1) 1
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fibromuscular dysplasia, the vessel wall
also loses its elastic properties and can
be deformed under pressure. Intimal
edema and hyperplasia are most likely
the evidence of tissue reaction and reor-
ganization of the vessel wall under the
conditions of abnormal blood pressures
in the great vessels.

Atherosclerotic
Dystrophic
Inflammatory

Cystic formations and media stratification also suggest the
loss of elastic properties of the vessel wall and, accordingly,
opportunities for the appearance of pathological deformities.
It also leads to a decrease in the vessel wall resistance under
the influence of pathogenic factors (pressure, endoprosthetics),
to the possibility of the formation of various protrusions and
microaneurysms in the endoprosthetics area.

It is known from the literature that the above-mentioned mor-
phological characteristics of the vessel wall in the conditions of
development of aneurysms of the abdominal aorta are systemic
[25]. The prognostic assessment of the probability of finding
favourable dynamics (decreased bag) for various types of domi-
nant changes in the blood vessel walls is shown in Figure 7.

Taking into account the systemic nature of changes in the arte-
rial walls of the elastic type, the correlation between the mor-
phology of the anterior CFA wall and AS dynamics after op-
erations was clearly proved, regardless of other adverse factors
(outflow endoleaks were detected during control angiography
or ultrasound scan before discharge). In addition, we analysed
the dynamics of the aorta diameter at the intervisceral level and
its relationship with the pattern of histopathological changes in
the arterial CFA walls (Tab. 3).

The analysis of the obtained data confirmed the significance of
the differences with a tendency toward an increased diameter of
the aorta, proximal to the place of prosthesis fixation in patients
with predominant dystrophic changes in the arterial walls. This
observation confirms the etiology of concomitant aneurysms of
the thoracic aorta, popliteal, coronary and other arteries found
in approximately 10% of patients with infrarenal AAA.

Conclusions

This study demonstrated that, in predominant atherosclerotic
changes in the artery walls, the probability of a successful re-

References:

Pattern of predominant
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Table 3. Changes in aortic diameter at the intervisceral level in patients with
different patterns of histopathological changes in the anterior CFA wall

Quantity, (%) Changes in diameter, P (F)
after 3-5 years, (M = m)
22 (57.9) -1.7+£0.2 F=52.62
14 (36.8) +32+0.7 p =0.0001
2 (5.3) +0.6 +0.3
OR (95% CI)
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Inflammatory
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Dystrophic —— g 0.08 (0.01. 0.36)
0.0‘;02 1 9’;.7

Figure 7. Prognostic assessment of the probability of finding fa-
vourable changes (decreased AS) with various types of dominant
changes in the vessel walls (estimation of the odds ratio — OR).
Source: Compiled by the authors.

sult, i.e. AS size reduction, increased 16.5 times — OR = 16.5
(2.79-97.68). In inflammatory processes, this assessment was
uncertain and statistically insignificant. In dystrophic changes,
the prognostic assessment was unfavourable - the probability
of favourable changes (AS size reduction) decreased by 94% -
OR =0.06 (0.01-0.36).

In addition, depending on the nature of changes in the walls of
large arteries of the elastic type, we observed different changes
in the intervisceral aortic diameter, which might also be a pre-
dictor of both most prognostically significant endoleaks and
the possibility of aneurysmal changes in the thoracic aorta and
large arteries of elastic type.

The severity of aortic calcinosis, provided that its prevalence
does not exceed 50% of the circumference in the sites of pros-
thesis implantation, mainly depends on the age of the patient
and has no statistically significant differences in patients with
different histopathological changes in the CFA.
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