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Abstract: There is currently no clinically valid biomarker for predicting the growth and prognosis of abdominal
aortic aneurysms (AAA). The most promising candidates with highest diagnostic values are plasma D-dimers
and markers of activated neutrophils, i.e. myeloperoxidase (MPO) or cell-free DNA. So far, case-control studies
on these markers were almost exclusively performed by using healthy individuals for control. To validate the
value of these markers in the clinical setting of a vascular surgery department, we analysed the diagnostic and
prognostic potential of plasma D-dimers and MPO in 177 AAA patients versus 138 non-AAA patients with
different vascular diseases. Significantly elevated levels of D-dimers were recorded for AAA patients
compared with non-AAA patients, although the difference between the two groups was significantly smaller
than in other studies comparing AAA patients with healthy controls. Surprisingly, MPO levels were
significantly higher in non-AAA patients than in AAA patients. After adjusting for the confounding factors
sex, peripheral artery disease (PAD) and internal carotid stenosis in multivariate regression models, neither D-
dimers nor MPO remained independent correlates of AAA. In contrast, D-dimer plasma levels correlated well
with the maximal aortic diameter. Combined analysis of D-dimers and circulating cell-free DNA levels derived
from a previous study, failed to improve the predictive values for the maximal aortic diameter. In conclusion,
our data show that D-dimers and MPO are no suitable biomarkers for monitoring AAA in a real-world setting
of mixed vascular surgery patients.

Keywords: abdominal aortic aneurysm; biomarker; D-dimer; Myeloperoxidase (MPO)

1. Introduction

AAA is a chronic disorder characterized by the weakening and progressive dilatation of the
aorta with an increasing risk of rupture [1,2]. Identification of AAA by screening or incidental
imaging at an early stage allows for a close surveillance and surgical intervention, when the diameter
reaches a threshold of 55 mm in male or 50 mm in female patients [3]. However, not all aneurysms
expand at the same rate and with the same physical evolution. Therefore, the diameter cannot always
predict the rupture risk, which is why the additional use of a specific circulating biomarker would be
of great clinical benefit [4]. The pathophysiology of AAA is associated with inflammation, formation
of a large intra-luminal thrombus (ILT), and remodelling of the aortic wall. It thus offers numerous
approaches for the use of circulating proteins as biomarkers for the prediction of the growth or
prognosis of AAA [5-7]. Among the most studied and promoted candidates are D-dimers, which
were found to be significantly increased in patients with AAA compared with healthy individuals
and were associated with aneurysm growth [7-10]. D-dimers are cross-linked, fibrin-specific,
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degradation products, and elevation of D-dimer levels is a sensitive marker for thrombosis [11] and
coagulation in clinical practice.

The ILT, which develops in 70-80% of AAA [12], may not only release D-dimers but be also a
source of other circulating proteins that might be used as biomarkers. Particularly the accumulation
of neutrophils in the ILT and their central role in creating an oxidative and proteolytic environment
offers possibilities for monitoring the growth of AAA by using neutrophil-related factors [13-15].
One of the most abundant proteins in neutrophils, Myeloperoxidase (MPO), which is released when
neutrophils are stimulated, has been demonstrated to be associated with AAA development and
growth [6,14]. Multivariate regression models using myeloid activation markers and routine
laboratory parameters have identified MPO and D-Dimer as strong independent correlates of AAA
in a study with 41 AAA patients and 38 controls, recruited from general surgery, urology and
ophthalmology departments [14]. A combined MPO/D-Dimer Score recently showed an improved
performance in distinguishing AAA from peripheral artery disease (PAD) [16]. Moreover, MPO had
the best prognostic value and higher baseline levels of MPO were associated with faster AAA growth
in a study population of 65-year old men, invited for a AAA screening program [6].

Until now, the diagnostic and prognostic values of most circulating biomarkers (including D-
dimers and MPO) was determined in comparison with healthy controls or with groups selected for
age and sex (screening programs) or selected for specific vascular diseases (such as PAD) [8,10,14,16—
18]. However, a robust biomarker should give reliable results under routine hospital conditions and
be reasonably insensitive to pre-analytical procedures. The aim of our study therefore was to validate
the diagnostic and prognostic values of D-dimers and MPO for AAA in a clinical real-world setting
by using a mixed vascular surgery cohort for analysis. Because anticoagulant tube additives may
affect the results of biomarker quantification, we additionally compared the plasma levels of D-
dimers and MPO according to the additive that was used during blood collection.

2. Materials and Methods

2.1. Blood Samples and Pre-Analytics

The study was conducted according to the Code of Ethics of the World Medical Association
(Declaration of Helsinki). Patients undergoing treatment at the Klinik fiir Gefafschirurgie und
endovaskuldre Chirurgie Heidelberg were enrolled for the Vascular Biobank Heidelberg (VBBH)
between January 2014 and January 2024. Patients demographics were recorded by the Hospital
Information System. Maximum aortic diameter of AAA patients was determined by computed
tomography angiography scan (AAA patients) or ultrasound examination (other vascular patients).
Peripheral venous blood was taken as part of a routine set of diagnostic tests on the day of their
hospitalization into lithium-heparin (Sarstedt, Germany, S-Monovette, Lithium-Heparin-Gel) or
potassium-EDTA (Sarstedt, Germany, S-Monovette, EDTA KE) containing tubes, according to the
standard operating procedures of the VBBH. All participants gave their written informed consent to
the study, which was approved by the ethical committee of the University of Heidelberg (5-025/2023)
and (5-310/2013 “Etablierung einer humanen vaskularen Biomaterialbank (VBBH) an der Klinik fiir
Gefafichirurgie und endovaskuldre Chirurgie der Universitatsklinik Heidelberg), and amendments.
The blood was processed for further studies within 4 h after venepuncture. Plasma was collected by
centrifugation at 1200 g for 15 min. and aliquoted for storage at -80°C by the VBBH until analysis.

2.2. Diagnostic Study Design

Initially, 315 plasma samples were provided by the VBBH for analysis and included according
to the following criteria: donors should be over 18 years old and give informed consent to the study.
Exclusion criteria were: recent (<1 year) tumour and/or chemotherapy, systemic autoimmune or
inflammatory disease. The complete case group consisted of 177 samples from patients who
underwent early diagnostics or treatment for repair of their abdominal aortic aneurysm (AAA
defined as a dilation of all three layers of the aorta; max. diameter > 30 mm; penetrating aortic ulcer
(PAU) and dissections of the abdominal aorta were not included), the control group consisted of 138


https://doi.org/10.20944/preprints202410.2260.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 October 2024 d0i:10.20944/preprints202410.2260.v1

samples from patients without previous or present AAA (controls, defined by aortic max. diameter
< 30 mm) who underwent treatment for other vascular diseases PAD, thrombendarterectomy of the
internal carotid artery (ICA), other thrombendarterectomies, varicose veins, minor vascular
interventions, other aortic diseases). When using the Lithium-Heparin plasma samples only, the
groups consisted of 143 AAA and 89 control samples. As not all variables were measurable in all
samples, the group sizes on which the calculations are based are explained in the figure legends. The
patients’ characteristics are summarized in Table 1 and Supplementary Table 1.

2.3. Analysis of D-dimers and Myeloperoxidase (MPO) Concentrations in Plasma Samples

Concentrations of D-dimers and MPO in plasma samples were measured by ELISA (Human D-
dimer ELISA Kit, Human Myeloperoxidase instant Kit; Thermo Fisher Scientific; Germany) by
following the instructions of the manufacturer. Samples were diluted 1: 500 000 for D-dimer analysis
and 1:50 for MPO analysis. Signal intensity (absorbance) was measured by a TECAN multiplate
reader at 450 nm. A reference of 620 nm was used for reading MPO signal intensities.

2.4. Statistical Analysis

The sample size of the diagnostic study was calculated based on previously published data on
concentrations of D-dimers and MPO in blood plasma [6,14,18,19]. With 150 cases, a power of 83 %
to show a sensitivity and specificity of at least 0.6 for the marker D-dimers should be achieved. The
evaluation on which the power calculation is based tests the union of the two null hypotheses “H-1,
Sens: Sensitivity < 0.6” and “H-1, Spec: Specificity < 0.6” at the one-sided significance level of 2.5 %.
As this is an intersection union test, the significance level does not need to be adjusted for multiple
testing. The concentration of D-dimers was assumed to be log-normally distributed, with medians
(IQR) reported in the literature of 1.3 ug/ml (1.68 pg/ml) for AAA patients and 0.47 pug/ml (0.49 pg/ml)
for patients without AAA [14,19]. Microsoft Excel was used for data processing. GraphPad Prism 10
software was used for plot preparation, descriptive statistics and for statistical analysis. Data
distribution was tested for normality by using the Kolmogorov-Smirnov Test, the Shapiro-Wilk test
or the D’Agostino and Pearson test and appropriate parametric or non-parametric tests were used
for further analysis. Multiple group comparisons were carried out using a Kruskal-Wallis test
ANOVA or ordinary one-way ANOVA to analyse non-parametric and parametric data, respectively.
The box plots show the minimum and the maximum with all data points. The AUC was calculated
using ROC to further characterize the biomarker potential and obtain information on specificity and
sensitivity. All specific tests used and P-value ranges are indicated in the figure legends. Univariate
and multivariate analyses were performed using a logistic regression model. P values for regression
coefficients were calculated by Wald tests. Variables that showed statistical significance with p-values
< 0.0001 in the univariate analysis were included in the multivariate analysis. The odds ratio (OR)
was reported with a 95% CI.

Table 1. Patient and control demographics and co-morbidities.

Characteristic AAA (N=177) Non-AAA (N =138) P-value
Median (Range) Median (Range)

age (years) 71.00 (46-89) 70.00 (29-85) 0.9377

Body mass index (kg/m?) 27.29 (17.67-41.03) 25.95 (19.14-42.97) 0.0342

max. aortic diameter (mm)* 58.00 (30-150) 19.00 (14-93) <0.0001
N (%) N (%)

Sex
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female 25 (13.97%) 49 (36.03%) <0.0001
male 154 (86.03%) 87 (63.97%)
Smoker status

current + ever 137 (76.54%) 83 (61.48%) 0.0024

never 39 (21.87%) 52 (38.52%)

unknown 3 (1.68%) 1 (0.74%)
Hypertension 155 (86.59%) 121 (89.63%) 0.486
Antihypertensive therapy 149 (83.24%) 110 (81.48%) 0.7646
Hypertriglyceridemia* 58 (34.73%) 42 (34.15%) >0.9999
Hypercholesterinaemia** 160 (95.81%) 122 (99.19%) 0.1442
Lipid-lowering therapy 145 (81.01%) 113 (83.70%) 0.5555
ICA stenosis 8 (4.60%) 83 (63.36%) <0.0001
PAD 21 (11.73%) 59 (43.70%) <0.0001
Antiplatelet therapy 137 (76.54%) 110 (81.48%) 0.3311
Coronary heart disease 96 (53.63%) 58 (42.96%) 0.0685
Myocardial infarction 40 (22.35%) 18 (13.33%) 0.0556
Stroke 15 (8.38%) 26 (19.26%) 0.0064
Diabetes 31 (17.32%) 42 (31.11%) 0.0047
Metformin therapy 21 (11.73%) 23 (17.04%) 0.1922
COPD 21 (11.73%) 8 (5.93%) 0.1140
Chronic kidney disease 27 (15.08%) 27 (18.52%) 0.4457
AAA family history 12 0

no family history 18

unknown 149

AAA: abdominal aortic aneurysm; ICA. Internal carotid artery; PAD: peripheral artery disease; COPD: chronic
obstructive pulmonary disease; IQR: Interquartile range; *available for all AAA and 109 non-AAA; non-AAA
include patients with dilative aorta due to PAU (n = 4) or dissections of the thoracic aorta (n = 4); *TAG > 150
mg/dl; **total cholesterol > 100 mg/dl.

3. Results

3.1. Pre-analytic Parameters (Anti-Coagulant, Storage Time) Affecting the Measurements

Because the plasma samples had been provided from a biobank where they had been collected
with different anti-coagulants and stored for different time periods, we first determined whether
these pre-analytic parameters affect the D-dimer and MPO measurements. The anti-coagulant that
was used in blood sampling tubes appeared to affect the concentrations of both D-dimers and MPO.
The median overall D-dimer concentration was significantly higher in EDTA-samples (1.608 pig/ml)
than in heparin samples (1.309 pug/ml) with a difference of 0.2995 pg/ml (Figure 1A). In contrast, the
median MPO concentration was significantly lower in EDTA-samples (6.08 ng/ml) than in heparin
samples (28.21 ng/ml) with a difference of 22.12 ng/ml (Figure 1B). Statistical analysis by Kruskal
Wallis test revealed no significant difference of D-dimer and MPO concentrations between heparin
samples that were stored for different lengths of time, although there was a trend for a minimal loss
of D-Dimers over eight years (Supplementary Figure S1). We therefore decided to only use the
heparin samples for further analysis.
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Figure 1. Influence of the anticoagulants (EDTA or Heparin) used during blood sampling on the
measured plasma levels of D-dimers (a) and MPO (b). Graphs of boxplots show the interquartile
range, medians and maximal and minimal values. Sample sizes, medians and P-values for group
comparison (based on Mann Whitney tests) are given in the tables below the boxplots.

3.2. Diagnostic Value of D-dimers

The heparin plasma levels of D-dimers were significantly increased in AAA patients (median
1.38 pg/ml) compared to controls (median 1.18 pg/ml), P = 0.0065, resulting in a small difference of
only 0.2 ug/ml between the medians (Figure 2A). Consequently, ROC analysis revealed a low AUC
of 0.598 (Figure 2B). A diagnostic logistic regression model was developed including the following
parameters: sex, ICA stenosis, PAD, diabetes, COPD, and previous stroke. After backward
elimination, only sex (odds ratio 2.61 and 95% CI [1.02-6.72]), ICA stenosis (odds ratio 45.29 and 95%
and CI [18.34-128.3]) and PAD (odds ratio 8.08 and CI [3.27-20.78]) had a significant independent
importance for AAA diagnosis, whereas D-dimers had no significant independent importance for
AAA diagnosis (odds ratio 0.93 and CI [0.6092-1.343], p-value 0.737) (Supplementary Table S2).
Accordingly, the ROC analysis for D-dimers increased to an AUC of 0.8995 after adjusting for sex,
ICA stenosis and PAD. In summary, in our study, D-dimers were not suitable for discriminating
AAA patients from patients with other vascular diseases.
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Figure 2. Comparison of D-dimers plasma levels (Heparin samples) between AAA patients and
controls. (a) Boxplots show the interquartile range, medians and maximal and minimal values.
Sample sizes, medians and P-values for group comparison (based on Mann Whitney tests) are given
in the table next to the graph. (b) ROC analysis of D-Dimer plasma levels in AAA patients against the
non-AAA patients (controls) without adjustment. The area under the curve, sample size, 95%
confidence interval and P value are given in the table below the graphs. (c) ROC analysis of D-Dimer
plasma levels in AAA patients against the non-AAA patients (controls) after adjustment for sex, PAD
and stenosis of the internal carotid artery (ICA). The area under the curve, sample size 95% confidence

interval, P value, negative predictive value and positive predictive value are given in the table below
the graphs.

3.3. Diagnostic value of Myeloperoxidase (MPO)

The heparin plasma levels of MPO were significantly higher in non-AAA patients (median 29,3
ng/ml) than in AAA patients (median 26,9 ng/ml), P = 0.0287, resulting in a small difference of 2.4
ng/ml between the medians (Figure 3A). Consequently, ROC analysis revealed a low AUC of 0.587
(Figure 3B). The diagnostic logistic regression model used for D-dimers was also applied for adjusting
MPO. After backward elimination, only sex (odds ratio 2.598 and 95% CI [1.01-6.71]), ICA stenosis
(odds ratio 46.43 and 95% and CI [18.95-130.3]) and PAD (odds ratio 8.09 and CI [3.28-20.78]) had a
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significant independent importance for AAA diagnosis, whereas MPO had no significant
independent importance for AAA diagnosis (odds ratio 1.0001 and CI [0.99-1.01], p-value 0.638)
(Supplementary table S2). Accordingly, the ROC analysis for MPO increased to an AUC of 0.90 after
adjusting for sex, ICA stenosis and PAD. In summary, in our study, MPO was not suitable for
discriminating AAA patients from patients with other vascular diseases.

(a) . )
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Mann-Whitney U 5530
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P value 0.0236 P value <0.0001
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cl gontrols 3 Neg_a_tive pre&_:lic_tive poweré%) 84.67
Patients (AAA) 144 Positive predictive power (%) | 85.53
Missing Controls 2
Missing Patients 0

Figure 3. Comparison of MPO plasma levels (Heparin samples) between AAA patients and
controls. (a) Boxplots show the interquartile range, medians and maximal and minimal values.
Sample sizes, medians and P-values for group comparison (based on Mann Whitney tests) are given
in the table next to the graph. (b) ROC analysis of MPO plasma levels in AAA patients against the
non-AAA patients (controls) without adjustment. The area under the curve, sample size, 95%
confidence interval and P value are given in the table below the graphs. (c) ROC analysis of MPO
plasma levels in AAA patients against the non-AAA patients (controls) after adjustment for sex, PAD
and stenosis of the internal carotid artery (ICA). The area under the curve, sample size 95% confidence
interval, P value, negative predictive value and positive predictive value are given in the table below
the graphs.

3.4. Correlation of Plasma Factors with the Maximal Aortic Diameter and Prognostic Values of D-Dimers
and MPO for AAA Progression
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A subset of the samples used in this study had already been used in a previous study to
investigate the diagnostic value of cell-free DNA for monitoring AAA (Dihlmann et al., under
review). To determine the correlation across plasma levels of D-dimers, MPO and cell-free DNA with
the maximal aortic diameter, a Spearman r correlation matrix was performed (Figure 4A and
Supplementary Tables 54, S5). The strongest correlation with the maximal aortic diameter was found
with cell-free single stranded (ss) DNA (r = 0.32, P = 0.0006). The correlation with D-dimer
concentrations was r = 0.19, P = 0.0024. The correlation between the maximum aortic diameter and
MPO was not significant (r = - 0.035, P = 0.3041). Of note, height and weight of the patients did also
correlate well with the maximum aortic diameter (r = 0.23, P < 0.0001 and r = 0.21, P = 0.0010
respectively).

(a)

max aortic diameter [mm]
D-Dimer [pg/mi]

:-; MPO [ng/mi]
mtDNA Plasma[copies/uL]
dsDNA Plasma[ng/mL]
Weight [kg]

2 |Height [m]
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=3
&
=
=
@
=
o
o
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MPO [ng/mI] [-0.03 -
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dsDNA Plasma[ng/mL]|0.
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Correlation matrix with Spearman correlation coefficients r
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Figure 4. Correlation of different circulating plasma parameters and patient demographics with
the maximal aortic diameter. (a) Correlation matrix of the age, weight, height, BMI, plasma levels of
ssDNA (single stranded DNA), dsDNA (double stranded DNA), mtDNA (mitochondrial DNA) copy
number, MPO and D-dimers with the maximal aortic diameter of patients with and without AAA.
Shown are the spearman correlation coefficients for each pair of parameters. (b) Graphs illustrating
simple linear regression models for D-Dimers plasma levels (left panel) or ssDNA plasma levels (right
panel) and the maximal aortic diameter of patients with and without AAA.
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For modelling the prognostic values of the different plasma biomarkers, a simple linear
regression analysis was performed, demonstrating an association of the max. aortic diameter with D-
Dimers (P = 0.039) and plasma ssDNA (P = 0.0025) (Figure 4B). Plasma levels of MPO, dsDNA and
mtDNA revealed no significant association with the max. aortic diameter in simple regression
analysis P values = 0.956, 0.138, and 0.408, respectively). Finally, using D-Dimers and ssDNA in
combination did not improve the prognostic value to predict AAA growth (R squared in a multiple
linear regression model using the two parameters: 0.083).

4. Discussion

The association of D-dimers plasma levels with AAA has been well documented [7-10].
Moreover, a combination of plasma D-Dimers and MPO was recently suggested to be used for a
diagnostic and prognostic AAA score [14] and to distinguish AAA from PAD [16]. We here aimed to
investigate the diagnostic and prognostic utility of D-Dimers and MPO for monitoring AAA in a real-
world setting of a typical vascular surgery patient cohort at a university hospital. Accordingly, we
compared a group of patients who came to the hospital for surgical treatment or outpatient control
of an AAA with a control group of patients with different vascular diseases (non-AAA group).

Because ultrasound screening and CT scans are already well-established non-invasive methods
for the diagnostic detection and surveillance of an AAA, additional circulating biomarkers, used for
diagnostic and prognostic use, should be as specific as possible and thus stand out not only from
healthy individuals but also from patients with other vascular diseases, such as PAD, carotid stenosis,
varicose veins, or others. According to our study results, the difference of the median plasma D-
Dimer levels between patients with AAA and the control group of non-AAA patients was very low
and not suitable for additional diagnostic purposes. With a median D-Dimer level of 1.38 ug/ml our
AAA-group displayed very similar results to those previously published (0.8 pg/ml [8], 1.30 pug/ml
[14,19], 1.27 pug/ml [16], > 1.006 pg/ml[10]. In contrast, the median D-Dimer level in our non-AAA
group (1.18 ug/ml) was much higher than that reported for healthy individuals (0.47 ug/ml [14], 0.38
pg/ml [16], < 0.5 pg/ml[10]) or patients with PAD only (0.58 ug/ml [16], 0.28 [8]). Consequently, the
area under the ROC curve was very low in our study resulting in a sensitivity of 60.14% and a weak
specificity of 43.06%. At 80% sensitivity, the specificity fell to less than 40%. Considering our own
results shown here and studies by others [20], we are aware that the choice of anticoagulant
supplement (EDTA, Heparin, Citrate, other) during blood sampling affects the measurement of D-
dimers. Here, the median D-dimer levels in EDTA plasma samples were significantly higher than in
Heparin plasma samples, although both groups contained similar amounts of samples from AAA
and non-AAA patients. However, this does not explain the smaller differences between the AAA and
control groups using the Heparin samples, only. After adjusting for sex, PAD and ICA stenosis, D-
Dimer plasma levels were no longer independent markers for AAA prediction in the study presented
here, in contrast to sex, PAD and ICA stenosis which remained independent. This indicates that a
great proportion of the D-Dimers found in plasma resulted from diseases other than AAA. In line
with previous data [8,16], subgroup analysis of our study cohort revealed a trend for increased D-
dimer levels in patients with AAA plus PAD compared with patients with PAD only (without AAA),
which was not statistically significant (Supplemental Figure S2a). In contrast, accompanying AAA in
patients with ICA stenosis did not increase the median D-dimer levels, whereby the group of patients
with AAA and ICA stenosis was very small (Supplemental Figure S2b).

The second marker that was tested here showed even weaker results. The plasma MPO levels of
non-AAA patients were higher than that of patients with AAA which clearly calls into question the
suitability of MPO as a biomarker for AAA. MPO is a lysosomal protein stored in azurophilic
granules of neutrophils, which can be released into the extracellular space during degranulation. The
release of MPO is part of the neutrophil defence mechanism to kill pathogens that cannot be
phagocytosed, but it can also be detrimental to the host by inducing tissue damage and exacerbating
inflammation [21]. Elevated plasma MPO levels are frequently detected in patients with
atherosclerosis, cardiovascular, respiratory, autoimmune and neurogenerative diseases and cancer,
and correlate with disease severity [21-25]. The association of increased MPO plasma levels with
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aortic aneurysm has been documented in several studies, using healthy donors for comparison
[6,14,16,26]. In contrast, one study found decreased serum MPO levels associated significantly with
the risk for peripheral atherosclerosis disease and AAA compared with those in healthy donors [27].
In general, the measured values of our study group were significantly higher as those published
earlier (median in AAA (here): 26,87 ng/ml vs. 13.3 ng/ml in AAA and 7.7 ng/ml in healthy donors
[14]; 3.01 ng/ml in AAA and 2.79 ng/ml in non-AAA donors from a screening study [6]). This could
be due to the different anticoagulants used for the blood collection, which resulted in lower readings
of samples drawn with EDTA blood collection tubes. In this study, the median plasma MPO levels
in samples from EDTA tubes were less than a quarter as high as those from heparin tubes. Regardless,
even when we compared a homogeneous group with samples from heparin tubes only, we could not
demonstrate an association of plasma MPO level with aortic diameter or the occurrence of AAA.
Finally, the combination with the ssDNA content in plasma examined in a previous study also
improved neither the diagnostic nor the prognostic value of the D-dimer or MPO levels in plasma.

5. Conclusions

In summary, we conclude that neither D-Dimer nor MPO plasma levels, nor a combination of
both or with cell-free DNA plasma levels are suitable for use as biomarkers for the monitoring and/or
prognostics of AAA in a real-world setting of a vascular surgery department.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Supplemental Figure S1: Effects of the storage time on the median plasma
concentration of D-dimers and MPO; Supplemental Figure S2: Comparison of D-dimers plasma levels (Heparin
samples) between subgroups (excluding patients with PAU or thoracic aortic dissection); Supplemental Figure
S3: Comparison of Plasma-D dimer levels between Patients with AAA and controls (excluding patients with
PAU or thoracic aortic dissection). Supplemental Table S1: Patient and control blood parameters; Supplemental
table 52: Multiple logistic regression of D-dimers, adjusted for sex, ICA stenosis, PAD (Heparin plasma only),
Supplemental Table S3: Multiple logistic regression of MPO, adjusted for sex, ICA stenosis, PAD MPO (Heparin
plasma only); Supplemental Table S4: Correlation of maximal aortic diameter with continuous variables
(Heparin plasma only). Supplemental Table S5: One-tailed P values of spearman correlation, maximal aortic
diameter with other variables (Heparin plasma only).
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