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ABSTRACT

Introduction. Previous studies showed that the concentrations of selected chemokines are locally elevated in samples collec-
ted from the lumen of intracranial aneurysms (IA). Our objective was to determine whether the observed differences in analyte
concentrations were influenced by the origin of the blood samples (i.e. cerebral versus peripheral), thus providing insight into
the localised nature of these alterations and their significance in IA pathogenesis.

Material and methods. This prospective study included 24 patients with IA who underwent endovascular embolisation.
Concentrations of selected analytes were analysed in blood samples from the IA lumen, feeding artery, and aorta. The analytes
included MPO, Lipocalin-2/NGAL, sICAM-1, sVCAM-1, and serum amyloid A.

Results. Higher median plasma concentrations of MPO, lipocalin-2/NGAL, sVCAM-1, and SAA were found in samples obtained
from the IA lumen and the feeding artery compared to the aorta. The concentration of sSICAM-1 was significantly higher in the
IA compared to the aorta, but did not differ between the proximal artery and the aorta. No significant differences in any analyte
concentration were observed between the IA and the proximal artery.

Conclusions. These findings suggest that the |A and the proximal vessel share similarities in the local immunological environ-
ment, which is different from that observed in the aorta. Further studies are needed to fully understand and elucidate these
observations.
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Introduction unruptured IA affects c.2-5% of the general population

without comorbidities [1]. Moreover, the prevalence of IA

Intracranial aneurysms (IAs) represent a relatively is notably higher within specific populations, such as family
prevalent condition, with nationwide data indicating that members of affected patients [2]. With the growing availability
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of non-invasive imaging modalities such as computed tomog-
raphy (CT) and magnetic resonance imaging (MRI), IAs are
increasingly being discovered incidentally [3]. IAs can remain
asymptomatic but may eventually rupture, causing subarach-
noid haemorrhage (SAH) with high mortality and neurological
deficits. Personalised risk assessment is crucial for selecting the
best approach i.e. intervention or conservative management [4,
5]. Therapeutic intervention in an IA is always a matter of bal-
ancing the benefits and risks of treatment. Due to the unclear
natural history, selection of the optimal management strategy,
particularly for small IAs, remains controversial [6-8].

Treatment of [As currently depends on case-by-case risk
stratifications for rupture. However, the accuracy of these risk
stratifications is not always reliable, highlighting the need for
new tools to better assess the risk. One of the strategies to
overcome this problem is the analysis of biomarker variability
in blood samples derived from IA patients [9]. In addition to
established rupture risk factors such as size or location, im-
munological factors are increasingly associated with the risk
of IA development and rupture [10-13]. A number of markers
have been identified that may help to indicate that an IA is
particularly prone to rupture [14-17]. A study analysing blood
drawn directly from the lumen of the IA showed an altered
profile of selected biomarkers compared to peripheral blood
samples [17]. However, that analysis had several limitations,
including a small number of patients enrolled, and a limited
profile of the analysed biomarkers. Moreover, no direct analysis
was performed to determine the differences between blood
collected from the IA and samples from the feeding artery.
Therefore, it remains unclear whether the observed differences
in cytokine expression are influenced by the origin of the
blood samples, emphasising the need for additional studies
in this regard.

One promising marker of IA is myeloperoxidase (MPO),
because it is an enzyme associated with degenerative remod-
elling within the IA wall [18-20]. Studies have shown that
local MPO levels increase inside IA, and that these changes
can contribute to IA progression and rupture in animal studies
[18]. Moreover, MPO may serve as a biomarker linked to eval-
uating the risk of intracranial aneurysm rupture and imaging
aneurysm instability [19]. Its relevance extends to its asso-
ciation with immune responses, particularly the infiltration
of specific types of inflammatory cells, while MPO primarily
serves as a marker for leukocytes, specifically neutrophils [21].

Lipocalin-1/NGAL and serum amyloid A (SAA) are other
factors involved in the pathogenesis of the aneurysms. SAA is
a protein that correlates with IA wall degeneration, rupture,
and increased inflammatory cell infiltration, suggesting its
potential role in the pathobiological processes that precede
IA rupture [22, 23]. Its association with other inflammatory
biomarkers indicates SAA’s involvement in the development
of a more susceptible state for IA rupture, highlighting its
significance in understanding this disease [22].

Lipocalin-1/NGAL, or neutrophil gelatinase-associated
lipocalin, is emerging as a promising biomarker within the
context of IA. Elevated NGAL levels have been detected both
in resected aneurysms and in plasma from IA patients [24].
Given its association with key proteins released from neutro-
phils, and its involvement in extracellular matrix degradation
and neutrophil activation, NGALs elevation underlines its
involvement in the inflammatory cascade within aneurysms’
pathogenesis, suggesting its relevance as a predictive marker
for disease severity and risk of rupture [25, 26].

Furthermore, soluble vascular cell adhesion mole-
cule-1 (sVCAM-1) and soluble intercellular adhesion mol-
ecule-1 (SICAM-1) are other potential IA biomarkers due to
their role in leukocyte adhesion and inflammation [27, 28].
They facilitate the inflammatory response by enabling im-
mune cell adherence and transmigration through the vascular
endothelium into the tissues, with particular recognition of
their role in regulating leukocyte recruitment to sites of in-
flammation. Additionally, they have been shown to participate
in the pathogenesis of aneurysms and their complications,
including SAH [29, 30].

The aim of the present study was to investigate how
changes in the local IA microenvironment can help us gain
a better understanding of IA pathobiology, thus aiding the
development of new risk stratification tools. We analysed the
profile of selected inflammatory biomarkers in the intrasac-
cular blood of IA. To provide a comprehensive comparison,
we compared this to blood samples taken from the feeding
artery, located just proximal to the IA site, as well as samples
from the aorta. The aim was to determine whether differenc-
es in biomarker expression could be detected locally within
the IA sac, or whether they were the result of a generalised
process. By assessing the biomarker profiles within the IA sac
and comparing them to other sites, we sought insight into the
localised nature of these alterations.

Material and methods

The study protocol has been approved by the Institutional
Ethical Board of the Medical University of Warsaw (approval
no. KB/2/2020) and was conducted in accordance with the
principles outlined in the Helsinki Declaration.

Patient enrollment protocol

This single-centre, prospective study enrolled consecutive
patients with saccular IA who were treated endovascularly be-
tween 2020 and 2021. The presence of IA was confirmed using
contrast-enhanced CT, MRI or digital subtraction angiography
(DSA). The study was open to all patients who were eligible
for 1A endovascular embolisation. This included subjects who
were: 1) qualified for elective endovascular treatment of an
unruptured IA using coils, regardless of the presence of clinical
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symptoms; or 2) qualified for urgent endovascular treatment
of a ruptured IA using coils. Only patients with a confirmed
good cognitive condition, enabling them to provide informed
consent autonomously, were considered for inclusion in our
study cohort. Patients considering embolisation were informed
as to its benefits and risks as per standard care. After their
acceptance, we explained the research study, its objectives,
procedures, and how it would not impact upon their treatment.
We obtained explicit consent for research separately from
embolisation consent. The following exclusion criteria were
used: 1) patients who refused to participate or were unable to
give informed consent; 2) the presence of chronic diseases e.g.
asthma, chronic obstructive pulmonary disease, heart failure or
connective tissue diseases; 3) patients on glucocorticosteroids
or other immunosuppressants; 4) the presence of a dissecting
aneurysm; 5) the presence of another intracranial vascular
pathology e.g. vascular malformation or dural arteriovenous
fistula; 6) no indication for coil placement during DSA at the be-
ginning of the procedure; 7) aneurysm with diameter < 3 mm;
8) giant IA (diameter > 25 mm); 9) fusiform IA; 10) blood
blister-like IA; and 11) giant serpentine aneurysm.

The final study cohort included 24 patients referred for IA
embolisation. There were five individuals (21%) with sympto-
matic ruptured IA leading to SAH. None of them were inciden-
tally diagnosed through imaging techniques. Each subject gave
informed consent based on a clear understanding of the risks
associated with treatment. All patients underwent standard
evaluation prior to endovascular surgery, and participation
in the study did not affect their choice of treatment strategy.
To be eligible for elective IA repair, patients had to meet
specific qualification criteria including a normal chest X-ray
and selected laboratory findings within the norm (including
C-reactive protein levels, creatinine, liver function tests, and
morphology). In addition, all patients had negative screening
results for the hepatitis B virus, the hepatitis C virus, and the
human immunodeficiency virus.

For urgent ruptured IA repair, the qualification was the
same, but a deviation from the norm was not an absolute
contraindication for participation.

Clinical data collection
Data was obtained from each patient’s medical records. In
particular, the following variables were included: demographic
data (i.e. age, sex, height, weight, comorbidities, and smoking)
and relevant risk factors for [A formation and rupture (hyperten-
sion, prior history of SAH, and size and location of aneurysm).

Protocol for sample collections
All embolisation procedures were performed under
general anaesthesia using common femoral artery vascular
access. DSA of cerebral arteries were performed to confirm
the presence of an IA. Following DSA and visualisation of the
IA, an initial blood sample of c.3 ml was obtained from the
descending aorta using a diagnostic catheter. Care was taken to

account for the catheter dead space and to discard the initially
aspirated blood to minimise contamination of the sample with
residual contrast or other unwanted material. Subsequently, the
vascular microcatheter was advanced into the vessel feeding
the TA. Before reaching the IA lumen, the catheter was stopped
¢.2 cm proximal to the IA neck. At this point, a second arterial
blood sample, with a volume of c.1 ml, was collected through
the microcatheter. Subsequently, the microcatheter was ad-
vanced and placed inside the IA lumen. A third arterial blood
sample (1 mL) was collected just prior to coil deployment. In
addition to sample collection, each patient underwent standard
management procedures and their therapeutic decision was
independent of participation in the study.

Each sample from the feeding artery and IA lumen was
collected via a microcatheter (Excelsior SL-10 Microcatheter,
Stryker Neurovascular) using repeated aspiration with the
1 ml twist-off syringe inserted into the catheter hub. The
catheter dead space was estimated to be 0.5 mL. To minimise
contamination of the target sample, the initial volume of blood
from each location was collected and removed with a separate
syringe. All blood samples were collected in ethylenediamine-
tetraacetic acid (EDTA)-coated sample tubes. Immediately
after collection, each sample was centrifuged at 15,000 rpm
for 10 minutes, and the supernatant plasma was frozen and
stored at —80°C until further analysis.

Biochemical measurements

The plasma concentrations of selected substances in IA and
intracranial artery samples were quantified by a MILLIPLEX
MAP Human Cytokine/Chemokine Magnetic Bead kit (Merck
Millipore) using Luminex-based immunoassay (Luminex
xMAP Technology) according to the manufacturer’s instruc-
tions. All samples were tested in duplicate, and results were ex-
pressed in pg/ml. Concentrations of the following markers were
determined: MPO, Lipocalin-2/NGAL, SAA, sVCAM-1 and
SICAM-1 The set of analysed substances was selected based on
the data and conclusions obtained from previous IA studies.

Statistical analysis

Statistical significance was determined with a threshold
of p <0.05. Statistical calculations and graph generation were
performed using Python software version 3.11.1 (Python
Software Foundation) with the use of the following libraries:
pandas, numpy, scipy, and matplotlib. Kruskal-Wallis test was
used to compare the medians of three samples taken from each
patient. Moreover, a pairwise Mann-Whitney U test was used
to examine specific group differences.

Results

Of the 24 patients included in our study, 19 (79%) were fe-
male and five (21%) were male, with a median age of 56.5 years.
The median maximum diameter of the JA dome was 8 mm
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(range 3-24). Of the 24 IAs analysed, five of them (21%) were
found to be ruptured. A total of 11 patients (46%) had more
than one IA. No patient had evidence of a mural thrombus
inside the IA. Table 1 sets out detailed patient characteristics.
Within the entire IA cohort, only one patient exhibited an
abnormal laboratory finding. This individual, experiencing
SAH, presented with slightly elevated neutrophil levels (WBC
12.5 x G/L) during the qualification for the coiling procedure.
Apart from this instance, all other laboratory parameters,
including CRP, creatinine, ALT, WBC, neutrophils (with four
missing values in the database), RBC, and PLT, were within
normal ranges.

The median plasma concentrations of MPO, lipoca-
lin-2/NGAL, sVCAM-1and SSA were found to be significantly
higher in samples obtained from the IA lumen as well as from
the feeding artery compared to plasma obtained from the
aorta, as shown in Figure 1 and Table 2. The concentration
of sSICAM-1 was significantly higher in the IA compared to
the aorta, but did not differ between the proximal artery and
the aorta. Notably, there were no significant differences in
the concentration of any investigated analytes between the IA
and the proximal artery. Table 2 sets out the concentrations of
selected analytes in different samples.

Subgroup analysis showed a significant difference in
the concentration of MPO between the samples collected
from the proximal artery located in the anterior circulation
compared to the posterior circulation (pooled basilar artery
and vertebral arteries), with concentrations of 139.47 ng/mL
and 164.18 ng/mlL, respectively (p = 0.03). A similar trend
was observed in the samples collected from the lumen of
the IA, where the MPO concentration was 149.32 ng/mL for
the anterior circulation and 178.15 ng/mL for the posterior
circulation. However, the p-value (p = 0.08) did not reach
the level of statistical significance, suggesting a trend toward
higher MPO concentration in the posterior circulation, but not
reaching a conclusive result. There were no significant differ-
ences in the concentration of MPO in samples from the aorta
between those two analysed subgroups. Apart from that, after
adjusting for baseline characteristics, there were no significant
differences observed in the concentration of other analytes
between the IA lumen, proximal vessel, or aorta. Similarly, no
significant variations were found between individual sampling
sites in relation to each other (data not shown).

Discussion

The primary goal of this study was to examine whether
immunological changes in the IA microenvironment can
be detected locally using endovascular techniques. We per-
formed an analysis of the blood samples collected directly
from the lumen of the IA during intravascular embolisation.
These samples were then compared to material collected
from the feeding artery located proximal to the IA as well as

Table 1. Patient characteristics

Characteristic Number (%) or median
(range)
Number of patients 24
Age 56.5 (27-78)
Female 19 (79)
Ruptured IA with SAH 5(21)
Median IA diameter (mm) 8(3-24)
IA location
AcoA 9 (38%)
ICA 7 (29%)
BA 5(21%)
VA 2 (8%)
ACA 1 (4%)
IA in anterior vascular territory 18 (75%)
Hypertension 15 (63)
Smoker 15 (63)

from the aorta. The goal was to determine whether changes
in the concentrations of inflammatory proteins could be
detected locally, and whether their levels varied depending
on factors such as the origin of the blood (i.e. larger versus
medium-sized artery).

Our main finding was that samples obtained from both
the IA lumen and the feeding artery had significantly higher
concentrations of most of the selected biomarkers compared
to those obtained from the aorta. In contrast, there were no
significant differences in the concentration of any of the ana-
lytes studied between the IA and the proximal artery.

The exact pathophysiology of IA remains uncertain, but it
is believed that a complex interplay of multiple factors, includ-
ing immunological alterations, play a significant role [9, 31].
While previous studies have primarily focused on exploring
potential biomarkers of IA in peripheral blood, the use of spot
analyte analysis has the potential to offer greater prognostic
insights into the disease [32]. To date, only a limited number
of studies have examined samples obtained directly from
the IA lumen, due to the challenge of obtaining this unique
material. Collection of such samples is only possible using
endovascular access, which adds to the difficulty of obtaining
this type of material.

Previous studies have shown that samples collected
from the TA lumen have elevated concentrations of certain
biomarkers. This suggests that the levels of chemokines and
proinflammatory cytokines are increased in aneurysmal patho-
logical arterial walls, and that there may be molecules that can
serve as clinically relevant indicators. One of the promising
markers of IA is MPO, which is associated with degenerative
remodelling and other pathological changes in the aneurysmal
wall leading to its weakening [18-20]. Preliminary results from
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Figure 1. Box-plots showing concentrations of examined analytes in different samples
Table 2. Plasma concentrations of examined analytes. Concentrations of all analytes are expressed in ng/mL
Analyte IA lumen Proximal artery Aorta p-value
MPO 153.06 (32.07-333.67) + 57.80 144.215 (26.79-197.88) £ 41.37 94.215 (11.61-158.39) + 46.78 <0.01
Lipocalin-2/NGAL 90.26 (40.38-134.73) £ 29.59 87.47 (49.69-135.83) £ 23.13 70.34 (41.95-115.82) £ 21.77 <0.01
sICAM-1 28.02(12.31-180.57) + 33.08 27.12(14.0-141.4) £ 26.49 22.67 (13.96-83.69) + 15.49 0.06
SVCAM-1 485.67 (223.32-1600.94) + 279.70 440.97 (217.93-772.74) £ 122.93 397.995 (176.81-633.61) + 110.58 <0.01
SSA 2,378.87 (550.3-3837.89) £ 1,021.92  2,326.9(1,025.13-3410.53) £ 652.14  1,262.99 (618.77-3512.09) + 854.29 0.01
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human histopathological studies of resected IA tissues have
demonstrated a correlation between MPO activity and the
risk of IA rupture [20]. Those authors highlighted the need to
develop less invasive techniques to obtain sufficient material,
and suggested that future studies should confirm these findings
in a larger study group. Another study suggested that MPO
levels increase locally and that these changes significantly
contribute to IA progression and rupture in murine model
studies [18]. That analysis showed a significant increase in
MPO concentrations in plasma collected from the lumen of
the A compared to that collected from the femoral artery.
Specifically, the MPO concentrations were found to be 2.7-
fold higher in the IA. We observed a similar phenomenon,
as the concentration of MPO in the sample from the IA was
approximately 1.7-fold higher than that of the aorta, but did
not differ between the IA and the proximal artery.

Localised increases in analytes within the IA lumen have
also been investigated in other studies. One potential IA
marker that can be detected locally are extracellular matrix
degradation products [33, 34]. Studies have shown that the
process of extracellular matrix fragmentation by proteolytic
enzymes leads to the release of aneurysmal wall fragments and
their instability, thus increasing the risk of rupture [34, 35].
Soluble elastin fragments (SELAF) are potential markers of IA
rupture risk. Nakagawa et al. showed that SELAF concentra-
tions are elevated in aneurysmal sacs prone to rupture [16].
However, that study did not compare sELAF levels between
intrasaccular and peripheral blood.

In another study, the authors investigated the gene expres-
sion patterns within the blood collected from the lumen of the
IA and compared them to samples taken from the proximal
vessel — a comparable methodology to ours [36]. That study
revealed significant differential expression of nine genes in
the intraluminal blood compared to the feeding vessel. The
authors hypothesised that gene expression changes occur
within the IA tissue, leading to altered gene expression patterns
in circulating blood cells. The comparison of gene expression
within each IA to that within the respective proximal parent
vessel served as an internal control. However, this may not fully
account for potential systemic differences between different
blood compartments. The gene expression patterns observed
in that study could have been additionally influenced by the
presence of comorbidities or other confounding factors such
as variations in the sample collection protocol, which were
not fully accounted for in the analysis. In that study, the
sample collection protocols for the IA and proximal vessels
varied, while the use of different catheters in combination
with various guidewires may have introduced variability
into the collected blood samples. Of note, the differences in
sample volume (10 mL from the parent vessel versus 3 mL
intraluminally) could also contribute to variations in gene
expression analysis. In contrast, in our study the protocols for
sample collection between the IA and the proximal vessel did
not vary. Moreover, we observed that collecting material from

the lumen of the IA using a microcatheter can be technically
challenging. Using a small syringe (1 mL or less) is generally
an easier way to collect dense liquids such as blood through
a microcatheter that serves as a tiny capillary. We found that
using syringes larger than 1 mlis not feasible in some instances.
Additionally, we limited our cohort to patients with aneurysm
domes larger than 3 mm due to our initial unsuccessful at-
tempts with smaller IA.

Finally, Chalouhi et al. [17] compared a number of se-
lected inflammatory markers between blood from the IA
and the systemic circulation. That study showed significant
differences in the concentrations of selected analytes between
these two sample sources, in line with our findings. The au-
thors hypothesised that the locally increased concentration
of these substances could be a consequence of the activity of
immune cells in an aneurysmal microenvironment. However,
that study was limited by its sample size which consisted of
16 patients, and it was unclear whether the observed changes
in cytokine profiles might be due to the origin of the blood
(systemic versus intracerebral arteries) rather to changes in
the aneurysmal microenvironment itself.

Our study took a novel approach by comparing the analytes
between the IA and the feeding artery. This provides unique
insights into the biomarker expression between these two
locations. For the first time, our study showed no significant
differences in the analyte profile between the IA and the feed-
ing artery, although the significance of this finding is unclear
and raises an important point for discussion. Moreover, the
significantly higher concentration of most of the selected
biomarkers in blood collected from both the lumen of the IA
and the proximal artery compared to material taken from the
aorta raises further questions.

There are several potential explanations for these observa-
tions. Firstly, the local inflammatory response must be consid-
ered. IAs are known to be associated with immune alterations
and inflammation [37]. The higher biomarker levels observed
in the IA lumen and feeding arteries may indicate an ongoing
local inflammatory response not only within the IA dome but
also in its immediate vicinity. This could be due to non-specific
phenomena such as oxidative stress, immune cell activation, or
the locally enhanced production of inflammatory mediators.

Secondly, haemodynamic alterations within the IA and
its immediate vicinity are known to be one of the causes of
the IA formation and progression [38, 39]. Factors such as
turbulent bloodflow and altered shear forces may possibly
contribute to locally elevated biomarker levels [40]. Previous
studies have indicated that these haemodynamic alterations
can lead to endothelial dysfunction, vascular remodelling, and
the production of inflammatory proteins, resulting in elevated
biomarker concentrations[41].

Moreover, higher biomarker levels in feeding arteries
compared to the aorta may be due to different vessel calibres
and blood origins (systemic versus cerebral). The intracra-
nial arteries and the aorta represent two different vascular
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environments, each with specific features and characteristics
[42, 43]. The significant differences observed in our study
between the arteries of the anterior and posterior cerebral
vasculature support this explanation.

These findings provide additional evidence for differences
in the inflammatory profile within different vascular territo-
ries, underlining the importance of considering the specific
location of the vessels when assessing the pathogenesis of IA.
Endothelial and immune cell populations in these different
areas may have inherent variations in their immune response,
cytokine production, or susceptibility to immunological
stimuli [44, 45]. Therefore, differences in the cytokine con-
centration observed between blood samples from the aorta
and intracranial arteries may be due to the heterogeneity of
these vascular areas rather than specific changes within the
IA microenvironment. Similarly, the lack of significant MPO
differences in aorta samples may indicate more generalised
MPO expression across these arterial segments, possibly due
to systemic influences or variations in MPO contributions
from cell types other than immune cells, such as red blood
cells. This raises questions regarding the specificity of MPO
in the context of inflammatory alterations within intracranial
aneurysms. Larger cohort studies and detailed investigations
into local microenvironmental factors and cellular interactions
could elucidate these trends and provide deeper insights into
the nuanced mechanisms underlying MPO expression in
different arterial territories. It is worth noting that we did not
observe any complications during the collection of samples
throughout the entire study. Similarly, no adverse events have
been reported to date in more than 100 patients who have
undergone aneurysmal blood sampling, as documented in the
available reports [16-18]. Considering the present experiments
as well as the existing literature, the potential risk of damaging
the IA dome is expected to be minimal.

The main drawback of the proposed collection method
is the extension of the total duration of the endovascular
procedure by approximately five minutes compared to the
standard procedure.

Limitations

Difterences in sampling methods may lead to variations
in the concentration of the selected analytes. Blood from the
aorta was collected using a 5-French catheter during the initial
DSA, which allowed for rapid collection of the entire material
within a few seconds. In contrast, the material from the IA
and the feeding artery was collected using a microcatheter
with an internal diameter of less than 1 mm. Such differences
in sampling techniques between different sites (IA and prox-
imal artery versus aorta) might potentially contribute to the
observed differences in analyte concentration in the present
study compared to the study by Chalouhi et al. [17]. To address
this limitation, future studies should use an identical technique
for blood collection at all measurement sites.

Furthermore, it is important to acknowledge the potential
presence of pre-laboratory errors. Currently available methods
for biomarker analysis are too complicated and time-consum-
ing to serve as real-time tools. Currently, there is no method
for intraoperative biomarker assessment in the setting of end-
ovascular treatment of IA. However, the introduction of novel
diagnostic methods that enable real-time substrate analysis
may serve as a potential solution. The future development of
probe-like sensors for real-time analysis will be of great interest
to the endovascular surgeon.

In addition, the limited sample size and single-centre study
design with strict eligibility criteria both affect the general-
isability of our findings, as they may not be representative of
external populations. Moreover, it is important to acknowledge
that the current study was not sufficiently powered to detect
small differences in analyte concentration within subgroups.
To improve the statistical power and generalisability of the
results, it would be beneficial to increase the sample size and
perform multicentre analyses.

Finally, this study has focused on selected biomarkers as
a specific aspect of the IA microenvironment, and may have
overlooked other relevant factors included in the complex
immunological disturbances within IA. Notably, the majority
of the analysed biomarkers predominantly belong to one type
of immune cell, i.e. neutrophils. We did not analyse specific
inflammatory events related to individual immune cell types.
A comprehensive examination of each stage of the inflam-
matory cascade involving diverse immune cells — evaluating
both pro- and anti-inflammatory immunophenotypes in local
and peripheral environments — could significantly advance
our understanding of these mechanisms and facilitate more
precise preventive strategies.

However, despite this limitation, our study of immunologi-
cal changes within the IA microenvironment provides valuable
insights into the underlying pathophysiology. Future studies
may integrate a more comprehensive approach, considering
various contributory factors beyond selected analytes. This
would help to explain the complex interplay between immuno-
logical changes and other relevant variables, ultimately leading
to improved strategies for the management of IA.

Conclusions

This study showed that blood samples from the IA lumen
and the feeding artery had higher concentrations of most of
the selected analytes compared to samples collected from the
aorta. There were no significant differences between the 1A
and the proximal artery.

These results suggest that the IA and the proximal vessel may
share similarities in the local immunological microenvironment,
similarities that distinguish them from the profile observed in
the systemic circulation. This finding should be treated with
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caution, considering the limited panel of analytes included,
which are primarily associated with one cell population —
neutrophils. Further research is needed to clarify these findings.
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