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Anticoagulants and reduced thrombus load in abdominal aortic

aneurysms assessed with three-dimensional contrast-enhanced

ultrasound examination

Rebecca Andrea Conradsen Skov, MD,a,b,c Jonas P. Eiberg, MD, PhD,a,b,c Laurence Rouet, MSc, PhD,d

Nikolaj Eldrup, MD, PhD,a,b Alexander H. Zielinski, MD,a,b Magdalena A. Broda, MD,a,b

Jens P. Goetze, MD, PhD,e,f and Qasam M. Ghulam, MD, PhD,a Copenhagen, Denmark; and Suresnes, France
ABSTRACT
Objective: The relationship between intraluminal thrombus (ILT) and abdominal aortic aneurysm (AAA) growth and
rupture risk remains ambiguous. Studies have shown a limited effect of antiplatelet therapy on ILT size, whereas the
impact of anticoagulant therapy on ILT is unresolved. This study aims to evaluate an association between antithrombotic
therapy and ILT size assessed with three-dimensional contrast-enhanced ultrasound (3D-CEUS) examination in a cohort
of patients with AAA.

Methods: In a cross-sectional study, 309 patients with small AAAs were examined with 3D-CEUS. Patients were divided
into three groups based on prescribed antithrombotic therapy: anticoagulant (n ¼ 36), antiplatelet (n ¼ 222), and no
antithrombotic therapy (n ¼ 51). Patient ILT size was calculated in volume and thickness and compared between the
three groups.

Results: Patients on anticoagulants had a significantly lower estimated marginal mean ILT volume of 16 mL (standard
error [SE], 63.2) compared with 28 mL (SE, 62.7) in the no antithrombotic group and 30 mL (SE, 61.3) in the antiplatelet
group when adjusting for AAA volume (P < .001) and comorbidities (P < .001). In addition, patients on anticoagulant
therapy had significantly lower estimated marginal mean ILT thickness of 10 mm (SE, 61.1) compared with 13 mm
(SE, 60.9) in the no antithrombotic group of and 13mm (SE, 60.4) in the antiplatelet group when adjusting for AAA
diameter (P ¼ .03) and comorbidities (P ¼ .035).

Conclusions: A 3D-CEUS examination is applicable for ILT assessment and demonstrates that patients with AAA on
anticoagulant therapy have lower ILT thickness and volume than patients with AAA on antiplatelet therapy and those
without antithrombotic therapy. Causality between anticoagulants and ILT size, and extrapolation to AAA growth and
rupture risk, is unknown and merits further investigations, to further nuance US-based AAA surveillance strategy. (J Vasc
Surg 2023;77:143-9.)

Keywords: Abdominal aortic aneurysm; Anticoagulant therapy; Intraluminal thrombus; Three-dimensional ultrasound
examination; Contrast-enhanced ultrasound examination
In abdominal aortic aneurysms (AAAs), disturbed flow
in the aortic lumen induces fluid shear stress, platelet
activation and aggregation, leading to thrombus forma-
tion.1 Up to 80% of all AAAs contain intraluminal
thrombus (ILT), and the size of the thrombus varies
considerably between patients.2,3 The role of ILT in AAA
growth and rupture is unclear. In some reports, ILT is
he Department of Vascular Surgery, Rigshospitalet,a the Department of

al Medicine, Faculty of Health and Medical Sciences, University of

nhagen,b and the Copenhagen Academy for Medical Education and

lation (CAMES),c Copenhagen; the Medisys, Philips Research, Suresnesd;

epartment of Clinical Biochemistry, Rigshospitalet,e and the Depart-

of Biomedical Sciences, University of Copenhagen,f Copenhagen.

conflict of interest: J.E. received a research grant from Philips

sound.

ted at the Thirty-fifth European Society of Vascular Surgery annual

ing, Rotterdam, the Netherlands, September 22, 2021.
associated with AAA growth, rupture risk, and vessel
wall inflammation.4-9 Other investigators have found no
difference in ILT volume among ruptured and intact
AAAs and shown an inverse correlation between ILT vol-
ume and AAA wall stress.10-12

According to the Society for Vascular Surgery, indica-
tions for antithrombotic therapy in patients with AAAs
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center cross-sectional
study

d Key Findings: In this cross-sectional study, the vol-
ume and thickness of the intraluminal thrombus
(ILT) were examined with three-dimensional ultra-
sound examination in 309 patients with abdominal
aortic aneurysms. Patients on anticoagulant therapy
had lower ILT volume than patients receiving antipla-
telets or no antithrombotic therapy (P < .001).

d Take Home Message: Anticoagulant therapy for pa-
tients with abdominal aortic aneurysms may
decrease the ILT load.

144 Skov et al Journal of Vascular Surgery
January 2023
should rely on an individual assessment of cardiovascular
risk: hypertension, diabetes, and hyperlipidaemia.13 In
contrast, the European Society of Vascular Surgery Clin-
ical Practice Guidelines and a consensus document
from the European Society of Cardiology recommend
antiplatelet therapy for all patients with AAAs to
decrease cardiovascular morbidity and mortality.14,15

Anticoagulant therapy is suspected of increasing
bleeding in case of rupture and therefore not routinely
recommended to patients with AAAs.16

In previous studies, antiplatelet therapy has shown a
limited effect on ILT size, but the impact of anticoagu-
lants on the ILT burden remains unresolved.16-18 To
decrease AAA growth, pharmacological manipulation
of the ILT and the derived vessel wall inflammation and
changes in the biomechanical properties have been
disappointing.16,17

Most ILT studies on patients with AAAs rely on conven-
tional two-dimensional ultrasound (US) examination.
These images are hampered by considerable uncertainty
in identifying and measuring ILT correctly. Others rely on
computed tomography scans,19,20 which are less cost
effective than US examinations and expose the patient
to radiation and nephrotoxic contrast agents.21 Reliable
and safe ILT assessment, preferably in an outpatient
setting, would allow for the conduct of large and ethi-
cally tolerable cohort studies of patients with small
AAA. Three-dimensional contrast-enhanced US (3D-
CEUS) examination allows ILT volume and thickness
determination without radiation and nephrotoxic
contrast exposure.2,22 This study measures ILT with 3D-
CEUS examination in a large prospective cohort of pa-
tients with AAAs with the aim to compare ILT size across
patients with different types of antithrombotic therapy.

METHODS
Study design. Single-center cross-sectional study of

prospectively included patients.

Patients. Between January 1, 2015, and September 30,
2020, 344 patients with native infrarenal AAAs were
included from the COpenhagen Aortic CoHort (COACH).2

In short, COACH is a single-center cohort of patients with
asymptomatic AAAs, consecutively enrolled in an US
surveillance program.15

US examination of AAA and ILT. All patients in COACH
underwent a dual-plane US scan using a 3D-Matrix
transducer (X6-1 xMATRIX) on a high-end US system
(EPIQ-7, Philips Medical systems, Bothell, WA).22 The
dual-plane US scan formed the basis for the clinical de-
cisions, as well as the COACH eligibility. Additionally, all
COACH patients had a 3D-CEUS examination performed.
Exclusion criteria were known thoracic aortic aneurysm,
because these aneurysms cannot be visualized suffi-
ciently with 3D-CEUS imaging. Patients with previously
treated AAA were excluded as well. Written informed
consent was obtained from all patients before enrol-
ment, and the study was approved by the local Ethical
Committee of Copenhagen (H-6-2014-056).

Antithrombotic therapy. According to the prescribed
antithrombotic therapy at the initial visit, patients were
divided into three groups: anticoagulant therapy, anti-
platelet therapy, and no antithrombotic therapy. Vitamin
K antagonists, dabigatran, apixaban, or rivaroxaban were
all categorized as anticoagulants, whereas acetylic acid,
clopidogrel, ticagrelor, or dipyridamole were categorized
as antiplatelet therapy. If the patient received both anti-
platelet and anticoagulant therapy, they were catego-
rized as in anticoagulant therapy. The AAA diagnosis
was not the indication for anticoagulant therapy; thus,
the prescription was due to other medical conditions,
and the duration of and indication for antithrombotic
therapies were unknown.

3D-CEUS examinations. All the scans were performed
by four experienced physicians, each performing more
than 250 US scans annually for more than 2 years. The
3D-CEUS scan protocol and subsequent image postpro-
cessing have been described in detail previously.2 In
brief, a bolus of 1.5 mL of reconstituted US contrast
(Sonovue, Bracco, Milan, Italy) was injected through a
peripheral vein catheter in an antecubital vein, and the
AAA was insonated using default contrast application.
Image postprocessing was performed offline in a two-
step procedure using semiautomatic segmentation
software (AAA-prototype v.2.0, Philips Research, Sure-
snes, France). First, the distal and proximal sections of the
aneurysm were outlined manually by placing one sphere
at each end of the aneurysm, defining the aneurysm
length. This was followed by an automatic outlining of
the vessel wall and estimation of the largest AAA volume
with a fixed centerline length of 60 mm. Subsequently,
the contrast-filled lumen was similarly outlined to esti-
mate the lumen volume. By subtracting the contrast-



Fig 1. Study flowchart of the 344 patients examined with
three-dimensional contrast-enhanced ultrasound exami-
nation (3D-CEUS).
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filled lumen volume from the AAA volume, ILT volume
and maximum ILT thickness were calculated.
Offline image processing was performed by a single

physician not participating in obtaining images. The im-
age quality of the scans was classified as good, moderate
or poor, as defined in a previous validation study.2 Poor
acquisitions were excluded from further analysis.

Data analysis and statistics. In a prior study estimating
ILT volume and thickness in patients with AAA, the mean
ILT volume and AAA diameter were 46 6 23 mL and 51 6
6.8 mm, respectively.2 In the same study, the distribution
of anticoagulant and antiplatelet therapy was 13% and
78%, respectively. No comparable studies have exam-
ined the effect of anticoagulant therapy on ILT size, so a
30% decrease was assumed in ILT volume in patients
receiving anticoagulant therapy. Anticipating a similar
distribution of patients with AAA receiving antith-
rombotic therapy as the prior study, a sample size of
minimum 240 patients with AAA was estimated with a
5% level of significance and 95% power. Anticipating the
same distribution of patients, at least 31 patients should
be included in the anticoagulant group, 21 in the no
antithrombotic group, and at least 188 patients in the
antiplatelet group.
The mean ILT volume and thickness were compared

between the three groups. Data were analyzed with
IBM SPSS statistics for Windows, version 27.0 (IBM
Corp., Armonk, NY). Normally distributed data are pre-
sented as mean with standard deviations. For an overall
comparison of the means of the three groups, one-way
analysis of variance, and analysis of covariance (ANCOVA)
when adjusting for confounders were used. For compar-
ison of volume data nonparametric analysis of variance
(Kruskal-Wallis test) and nonparametric Quade ANCOVA
were used. Estimated marginal means with standard er-
rors (SE) were calculated to elaborate on ILT volume and
thickness when adjusting for the size of AAA. The esti-
mated marginal means of the ILT size were calculated
by standardizing the size of the aneurysm to allow for
direct comparison between the three groups. Finally,
for a specific pairwise comparison between the three
groups, a Tukey’s post hoc analysis was performed. Linear
regressions between ILT volume and AAA volume, and
ILT thickness and AAA diameter will be performed with
calculation of Pearson’s coefficients.
RESULTS
A total of 344 patients were included in the study, of

which 35 patients were excluded, 20 (6%) owing to a seg-
mentation length of less than 60 mm and 15 (4%) owing
to poor image quality, leaving 309 patients (90%) for
further analysis (Fig 1). Of these 309 patients, 84.8% had
a detectable ILT on 3D-CEUS examination. According to
the prescribed antithrombotic therapy, patients were
categorized categorized into three groups: the anticoag-
ulant group (n ¼ 36; of these 2 patients were on both
anticoagulant and antiplatelet therapy), the antiplatelet
group (n ¼ 222; of these 3 patients received both acetylic
acid and clopidogrel), or the no antithrombotic group
(n ¼ 51).
Patients on anticoagulant or antiplatelet therapy had a

higher comorbidity rate compared with patients
receiving no antithrombotics. The frequency of male
gender, ischemic stroke, acute coronary syndrome and
statin therapy among the three groups were unequally
distributed (Table I). The median ILT volume was 16 mL
(interquartile range [IQR], 4-36 mL), 25 mL (IQR, 9-
25 mL) and 20 mL (IQR, 2-43 mL) for the anticoagulant,
antiplatelet, and no antithrombotic groups (P ¼ .14),
respectively. The mean maximum ILT thickness was
11 6 6.2 mm, 13 6 7.5 mm, and 13 6 7.1 mm for the anti-
coagulant, antiplatelet, and no antithrombotic group,
(P ¼ .32), respectively (Table II). When comparing the dif-
ferences between the three group means, a significant
difference in ILT volume (P < .001) and ILT thickness
(P ¼ .03) was found when adjusting for AAA volume
and diameter, respectively. Adjustment for aneurysm
size and possible confounders (statin use, hypertension,
chronic obstructive pulmonary disease, ischemic stroke,
acute coronary syndrome, diabetes, smoking, body
mass index, and age) did not change the statistical signif-
icance for either ILT volume (P < .001) or ILT thickness
(P ¼ .035; Table II).
The AAA volume-adjusted ILT volume means were

16 mL (SE, 63.2 mL), 30 mL (SE, 61.3 mL), and 28 mL
(SE, 62.7 mL) for the anticoagulant, antiplatelet, and no
antithrombotic groups. Likewise, the AAA diameter
adjusted means of ILT thickness were 10 mm
(SE, 61.1 mm), 13 mm (SE, 60.4 mm), and 13 mm
(SE, 60.9 mm), for the anticoagulant, antiplatelet, and
no antithrombotic groups (Table III).



Table I. Baseline characteristics of patients prescribed anticoagulant therapy, antiplatelet therapy, and no antithrombotic
therapy

Anticoagulant (n ¼ 36) Antiplatelet (n ¼ 222) No antithrombotic (n ¼ 51) P value

Age, years 73 6 15 72 6 7 72 6 7 .97

BMI 28 6 4 27 6 4 26 6 4 .07

Male gender 92 (33) 86 (190) 73 (37) .03

Diabetes 19 (7) 10 (22) 4 (2) .06

COPD 25 (9) 20 (45) 24 (12) .75

IS/ACS 31 (11) 41 (88) 8 (4) .00

Hypertension 83 (30) 70 (157) 67 (34) .21

Statin 75 (27) 85 (188) 47 (23) .00

Smoking .83

Current 27 (9) 36 (78) 37 (19)

Prior 62 (21) 55 (121) 57 (29)

BMI, Body mass index; COPD, chronic obstructive pulmonary disease; IS/ACS, ischemic stroke/acute coronary syndrome.
Values are mean 6 standard deviation or percent (n).

Table II. Characteristics of the abdominal aortic aneurysm (AAA) and intraluminal thrombus (ILT) in patients prescribed
anticoagulant, antiplatelet, and no antithrombotic therapy

Anticoagulant Antiplatelet No antithrombotic P value P valuea P valueb

AAA diameter, mm 51.0 6 7.3 49.0 6 7.8 48.0 6 8.7 .15 - -

AAA volume, mL 88 (70-103) 78 (57-101) 70 (51-88) .04c - -

ILT volume, mL 16 (4-36) 25 (9-45) 20 (2-43) .14c <.001d <.001d

ILT thickness, mm 11.0 6 6.2 13.0 6 7.5 13.0 6 7.1 .32 .03 .035

Values are mean 6 standard deviation or median (interquartile range).
aAnalysis of covariance (ANCOVA), adjusting for aneurysm size.
bANCOVA, adjusting for aneurysm size, statins, hypertension, chronic obstructive pulmonary disease, ischemic stroke, acute coronary syndrome,
diabetes, smoking, BMI and age.
cNonparametric analysis of variance: Kruskall-Wallis test.
dNonparametric ANCOVA: Quade ANCOVA.
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A significant difference in ILT volume was found when
performing a pairwise comparison between the antico-
agulant and no antithrombotic groups (P ¼ .002), and
the anticoagulant and antiplatelet groups (P < .001). No
differences were found between the antiplatelet and
no antithrombotic groups (P ¼ .77; Table IV). Similar pair-
wise comparisons are given in Table IV for ILT thickness.
A positive correlation between AAA volume and ILT vol-

ume was found in each of the three groups (Pearson’s
correlations P > .001; Fig 2, A). The same was found for
AAA diameter and ILT thickness (Pearson’s correlations
P > .001; Fig 2, B).

DISCUSSION
This study uses 3D-CEUS examination to investigate dif-

ferences in ILT size among patients with AAA on different
antithrombotic treatments. Three main findings were
evident: (1) in patients on prescribed anticoagulant ther-
apy, thrombus volume, and thickness were smaller
compared with patients on no antithrombotic therapy;
(2) antiplatelet therapy did not affect ILT size; and (3)
ILT volume and thickness were positively correlated
with AAA volume and diameter, respectively.
This study did find a smaller ILT size in patients on anti-
coagulant therapy, which aligns well with a mouse
model study, in which high-dose rivaroxaban was able
to prevent ILT formation and suppress aneurysm
growth.23 This mouse model study found that factor Xa
increased the levels of proinflammatory cytokines and
adhesive molecules, both groups of molecules sug-
gested to have protective properties by inhibiting the in-
flammatory response.23

The relationship between antiplatelet therapy and ILT
size in patients with AAA is controversial. One study
found that antiplatelet therapy decreased the ILT load
in animal models.18 However, these results have not
been reproduced in clinical human antiplatelet
studies,16,17 matching the findings of the current study
showing no effect of antiplatelets on ILT size.
Even though the impact of ILT on the AAA progression is

not settled, compelling evidence indicates that increased
ILT load is associated with faster AAA growth and
increased rupture risk.8,12,24 In a retrospective study
including 207 subjects, patients were divided into two
subgroups: small AAAs (diameter of 30-40 mm) and
medium-sized AAAs (diameter of 40-50 mm). The study



Fig 2. Linear regressions displaying the correlation be-
tween ILT volume and abdominal aortic aneurysm (AAA)
volume (A) the correlation between ILT thickness and
abdominal aortic aneurysm diameter (B). ACT, anticoag-
ulant therapy; APT, antiplatelet therapy; ATT, antith-
rombotic therapy; ILT, intraluminal thrombus.

Table III. Estimated marginal means of intraluminal thrombus (ILT) volume and ILT thickness

Estimated marginal means

Anticoagulant 6 SE Antiplatelet 6 SE No antithrombotics 6 SE

ILT volume, mL 16.0 6 3.2a 30.0 6 1.3a 28.0 6 2.7a

ILT thickness, mm 10.0 6 1.1b 13.0 6 0.4b 13.0 6 0.9b

ACT, Anticoagulant therapy; APT, antiplatelet therapy; No ATT, no antithrombotic therapy; SE, standard error.
aEstimated mean of ILT volume if abdominal aortic aneurysm (AAA) volume is standardized at 80.4 mL.
bEstimated mean of ILT thickness if AAA diameter is standardized at 49.0 mm.

Table IV. Comparisons of each individual groups with Tukey’s post hoc analysis adjusting for abdominal aortic aneurysm
(AAA) size

ACT vs No ATT APT vs No ATT ACT vs APT

Mean difference 6 SD P value Mean difference 6 SD P value Mean difference 6 SD P value

ILT volume, mL 13.0 6 4.2 .002 0.09 6 3.0 .77 13.9 6 3.5 <.001

ILT thickness, mm 3.1 6 1.3 .01 0.1 6 1.0 .93 3.0 6 1.1 .01

ACT:, Anticoagulant therapy; APT, antiplatelet therapy; ILT, intraluminal thrombus; No ATT, no antithrombotic therapy; SD, standard deviation.
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found that the growth rate of small and medium-sized
AAAs containing ILT was increased by a factor of 1.9 and
1.2, respectively, when compared with AAAs without ILT.9
An ILT seems to increase AAA wall hypoxia as well as
elastin and collagen breakdown, leading to decreased
wall strength. This factor may explain the association be-
tween ILT and AAA growth and rupture risk.8,10,12

The current study found positive correlations between
ILT volume and AAA volume, and between ILT thickness
and AAA diameter in all three treatment groups. In a
computed tomography-based study, Golledge et al25

investigated 75 patients with AAA and also found a pos-
itive correlation between ILT volume and AAA volume.
These findings justify adjusting for AAA size when
comparing ILT size between groups.
In this study, nearly 85% of the AAAs contained ILT, in

concordance with previous studies based on 3D
computed tomographic angiography (CTA) and 3D-
CEUS examinations.2,12 This finding contradicts the use
of conventional two-dimensional US examination, where
the ILT detection rates seem be less than 50%. For this
reason, ILT studies should be based on contrast-
enhanced imaging for sufficient differentiation between
the lumen and low attenuating thrombus.2

Until recently, CTA and magnetic resonance imaging
have been the only viable ILT assessment options. How-
ever, with the introduction and validation of 3D-CEUS ex-
amination for ILT quantification, it has been possible to
detect and quantify the ILT burden without radiation
and nephrotoxic contrast. In the current study, 10% of pa-
tients were excluded owing to short segmentation
length or poor image quality. This exclusion rate is com-
parable with the exclusion rates of two previous studies
investigating the use of 3D-CEUS examination.26,27 In a
previous 3D-CEUS study, it was demonstrated that ILT
volume and thickness could be estimated with high ac-
curacy and reliability.2,27 In addition, the applied 3D-
CEUS setup and acquisition procedure has shown a
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low interoperator and intraoperator variability and good
agreement with CTA, when estimating ILT volume, thick-
ness, and AAA diameter.2,22,28 In a previous 3D-CEUS
study, intermodality (between CTA and 3D-CEUS exami-
nation) mean differences were 2.2 6 5.2 mL for volume
assessment and 0.6 6 2.3 mm for diameter assessment.
The interoperator mean differences were 1.5 6 4.5 mL
for volume assessment and e0.3 6 1.5 mm for diameter
assessment.2 A future trial investigating the effect of anti-
coagulant therapy would require a cost-effective and
safe imaging modality for repeated AAA and ILT mea-
sures. From that perspective, 3D-CEUS examination
seems to be an attractive method, being both applicable
and accurate.
This nonrandomized study carries limitations. This

study must be considered exploratory because its
cross-sectional design does not allow a conclusion on
the direct causality between anticoagulant therapy and
ILT size. In addition, this study does not elaborate on clin-
ical data such as mortality, growth rates, or risk of
rupture. To conclude on a possible clinical effect of anti-
coagulant therapy, prospective randomized studies
would be needed. Baseline ILT volume and thickness
before the initiation of antithrombotic therapy were not
available. Comorbidity between the groups differed,
making a direct comparison between groups chal-
lenging. Nevertheless, adjusting for several known con-
founders with ANCOVA still indicates significant
associations. Another limitation to the study was that
ILT morphology and its circumferential distribution
were not analyzed. Therefore, it was not possible to
conclude if some ILT morphologies were more or less
sensitive. Grouping the antithrombotic drugs and the un-
known duration of treatment makes drug-specific and
dose-duration effects impossible to assess.
The findings of this study indicate that anticoagulant

therapy potentially decreases or halts the ILT burden in
patients with AAAs. The theoretical risk of bleeding in
the event of AAA rupture has hindered trials investigating
the effect of anticoagulants on ILT. The introduction of an-
tidotes and improved monitoring of the therapeutic ef-
fect of anticoagulants,29 in combination with the
abilities of 3D-CEUS for a more reliant ILT assessment,
pave the way for large-scale randomized, controlled trials
to assess the effect of novel anticoagulants on ILT burden,
AAA growth, and cardiovascular events.

CONCLUSIONS
Patients with an AAA below the threshold for repair and

on anticoagulant therapy had a lower ILT volume and
thickness compared with patients on antiplatelet ther-
apy and no antithrombotic therapy. Assessment of the
ILT-burden by 3D-CEUS examination as an integrated
part of AAA surveillance is feasible, although the clinical
consequences of ILT burden and anticoagulant therapy
await randomized, well-powered studies.
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