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Abstract: Background: Mural aortic thrombosis associated with chronic peripheral obstruction of the
lower limbs is an unusual event. Repeated embolism of instability aortic mural thrombosis caused
acute limb ischemia (Rutherford 2 classification) in patients with peripheral arterial disease (PAD).
We report a single-center experience for patients with transmural aortic thrombosis and peripheral
artery disease. Methods: We retrospectively analyzed data of 54 patients with aortic mural thrombus
disease with PAD presentation, treated at our center between 2013 and 2022. Results: Thirty patients
(six with proven SARS-CoV-2 infection) underwent hybrid or staged treatment for an aortic lesion and
for lower limb ischemia, by the placement of an endovascular aortic stent graft and a femoro-distal
or a popliteal-distal bypass graft. The remaining 24 cases were only subjected to an intravascular
treatment of the thoracic or abdominal aorta. Transient renal failure occurred in three patients. No
embolic events were detected during the procedures. Aortic-related mortality was reported in just
one patient who died from multiple organ failure. There was an embolic stroke in one patient with
proven SARS-CoV-2 infection, three major amputations in patients with proven SARS-CoV-2 infection
and no aortic-related mortality. Conclusions: Stent coverage of complex aortic lesions, alone or in
association with a distal bypass graft, supports this approach in a variety of settings. The COVID-19
pandemic caused an increased mortality and amputation rate.

Keywords: aortic thrombosis; peripheral artery disease; follow-up; COVID-19

1. Introduction

A distal arterial embolism is a relatively common problem that carries increased
morbidity and mortality. The amputation rate following acute limb ischemia is estimated
at 13–14%, while mortality is at 9–12% [1]. The most common source of peripheral and
visceral embolization is represented by thrombi in the left side of heart. The most frequent
non-cardiac causes include aortic pathologies such as aneurysmal lesions, dissections,
penetrating ulcers or traumatic lesions [2,3]. Aortic mural thrombus in a non-aneurysmal
minimally atherosclerotic or normal aorta is a rare clinical entity and an unusual cause
of peripheral arterial embolization [4]. Oliver. et al. published the first described case
of thromboembolism from the thoracic aorta in 1967 [5]. Primary aortic mural thrombus
has been classified by Verma et al. into four types according to the anatomical lesion
location: type I in the ascending thoracic aorta and arch (a and b), type II (a and b) in
the descending thoracic aorta, type III in the visceral abdominal aorta and type IV in
the infrarenal aorta. The optimal management of these patients is still controversial and
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it depends on the thrombus location and morphology, the symptoms and the patient’s
general conditions [4]. Treatment includes systemic anticoagulation [6] and open surgical or
endovascular procedures [6,7]. Surgical treatment has been rather restrictively used, mainly
because operative morbidity is still considered comparatively high [6]. The advancement of
endovascular techniques and devices provides a minimally invasive alternative to patients
otherwise deemed poor surgical candidates [8]. Recurrent peripheral embolism as the
initial presentation of an underlying occult aortic mural thrombus is seldom diagnosed,
and it could be the cause of peripheral artery disease (PAD), which necessitates lower limb
revascularization. Coagulation disorders are common in COVID-19 and are associated with
disease severity. With the incidence of a viral disease following inflammatory responses,
an imbalance in procoagulant and anticoagulant mechanisms occurs, with endothelial
dysfunction playing a major role [3]. COVID-19 patients with a history of coagulation
problems cause concern about presenting more risks than other patients [4]. This study
report our experience with stent coverage of complex aortic lesions, which was associated
with a distal bypass graft in patients with repeated embolism of unstable aortic-mural-
thrombosis-caused acute limb ischemia (Rutherford class IIb classification) and PAD.

2. Materials and Methods
2.1. Study Design and Setting

We retrospectively analyzed clinical and imaging data from 54 consecutive patients
diagnosed with presence of an aortic embolic source, after being hospitalized at our center
between January 2013 and June 2022 for chronic peripheral arterial disease. This study
was approved by Ethical Review Board of our institution (number 372 bis/22), and written
informed consent was obtained from all patients.

2.2. Variables

In all patients, the peripheral symptoms, with different severities, represented the
initial clinical manifestation associated with echo color doppler finding of recent throm-
bosis of arterial segments of lower limbs or the presence of patent tibial femoral arteries,
with no plantar arch. All patients underwent cardiac evaluation with transthoracic and
transesophageal echocardiography. All patients underwent CT angiography (CTA), while
the same examination was performed after revascularization of lower limb and further
recurrent peripheral embolism when a cardiac source was excluded. All CTA images were
acquired on multilayer CT scanners with 16 or 64 detector configuration. Non-contrast
images were obtained at first, followed by acquisition of 1 mm axial images from the top
of aortic arch to femoral arteries after intravenous contrast injection. The acquired CTA
data were transferred to an OsiriX 3.9 workstation (Pixmeo SARL, Bernex, Switzerland) for
analysis. For thoracic and descending abdominal aorta, aneurysmal dilation was defined as
an aorta having a diameter of at least twice that patient’s normal contiguous aortic caliber.
The presence and the location of a mural thrombus was also evaluated.

Of these 54 patients, 39 had CLI and all were clinically classified by Rutherford
classification system for PAD. Among these, 8 patients with proven SARS-CoV-2 infection
were clinically classified by Rutherford classification system for acute limb ischemia in class
IIb. All patients were evaluated by preoperative duplex ultrasound or intraoperative digital
subtraction angiography (DSA). Data collection included patient demographics, risk factors
for vascular disease, symptoms leading to diagnosis, relevant comorbidities, management,
and diagnostic and therapeutic outcomes. Cardiovascular risk factors were considered
as follows: chronic heart failure (defined as LVEF < 30% or biatrial dilatation), COPD
(FEV1 < 50%; B2+; O2-chronic therapy), CKD (serum creatinine > 2 g/dl; GFR < 60 mL/min),
CVD (prior CEA, CAS, or stroke). Treatment complications and follow-up outpatient
assessments were reviewed. All imaging studies were evaluated. All patients underwent
endovascular stent placement for aortic disease, while some of them also underwent open
peripheral revascularization procedure. Depending on timing, some patients underwent
synchronous peripheral revascularization (when endovascular and open procedures were
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simultaneously performed in a single operating session) or in stages, in a dedicated surgical
room with a mobile fluoroscopic C-arm (Philips BV Pulsera, Philips Medical Systems,
Eindhoven, Netherlands and Eurocolombus Alien E, Eurocolumbus srl, Milan, Italy). The
anesthetic strategy was chosen according to surgical needs and surgical risk of patients.
Completion check was performed by duplex continuous wave ultrasound examination
after peripheral revascularization procedures and digital subtraction angiography after
aortic procedures. Decision making for open vs. endovascular procedures based for
significant patients’ comorbidity. All patients underwent postoperative antithrombotic
and antiplatelet therapy (LMWH and acetylsalicylic acid).

2.3. Follow-Up Protocol

Follow-up included duplex ultrasound checks for lower extremity revascularization
procedures at 1, 3, 6 and 12 months and annually thereafter. Aortic follow-up was per-
formed with CT angiography at one month, then duplex ultrasound with contrast medium
and/or echo colors and CT angiography were alternated every six months for abdominal
aorta, while a CT scan angiography was performed every year for thoracic aorta. Primary
patency was defined according to Rutherford reporting standards [9].

2.4. Statistical Analysis

Statistical analysis was performed using R (R Core Team, 2019; R: A language and
environment for statistics computing. R Foundation for Statistical Computing, Vienna,
Austria. https://www.r-project.org/), Continuous variables were reported as median with
interquartile range (IQR) or as mean ± standard deviation (SD) as appropriate. Categorical
variables were described with counts and percentages. Survival and patency were estimated
using Kaplan–Meier method. Patients were divided into subgroups based on procedures’
timing, and the subgroups were compared using Log-Rank test. Statistical tests were
considered significant when p-value was <0.05.

3. Results

Among the 54 patients (43 male, 11 female), 30 underwent hybrid endovascular and
surgical treatment for mural aortic thrombosis and PAD possibly induced, while 24 underwent
only the aortic endovascular procedure. The average age was 68.8 ± 10.2 years. Eight patients
had contracted a previously proved SARS-COV-2 infection (PSC2I); based on COVID’S
onset timing, one patient of eight submitted to hybrid procedures had a confirmed SARS-
CoV-2 infection 1 month before the intervention, three patients from 2 to 3 months before
the intervention, two patients from 5 to 6 months before the intervention, one patient
8 months before the intervention and the last patient 10 months before the intervention.
The median duration of follow-up was 28.5 months (IQR 41.3–13.3). Three patients were
lost to follow-up. Risk factors for vascular disease were hypertension (83%), diabetes (38%),
smoking (44%), renal failure (22%), COPD (37%) and coronary heart disease (37%). In
total, 79% were already taking antihypertensive drugs and 55% were taking antiplatelet
drugs (Table 1). CTA scan revealed unstable thoracic (19 cases) or abdominal (35 cases)
aortic thrombus of patients who had symptoms of chronic peripheral arterial disease with
limb-threatening ischemia (CLTI) (35 cases) or typical distal embolism of “junk kick” type
(19 cases) (Figure 1). All CLTI patients were classified according to the Rutherford system
as: class 4, 15 patients; class 5, 13 patients; and class 6, 11 patients. In nine patients with cli
(Rutherford’s 4), only intravascular aorta treatment solved the symptoms. Twelve patients
underwent one-step procedures, while 22 patients underwent hybrid one-step procedures:
the median delay between the two interventions was 26 days (IQR 35.5–11). Among
the patients with PSC2I, six underwent hybrid endovascular and surgical treatment for
mural aortic thrombosis and PAD (Figures 1 and 2). Two patients with PSC2I underwent
endovascular procedures.

https://www.r-project.org/
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Table 1. Characteristics of patients.

Patients: n. (%)

Age 68.8 ± 10.2
Male 41 (79%)
Hypertension 44 (81.5%)
Diabetes 22 (40%)
Smoking habit (current) 30 (55%)
Chronic Obstructive Pulmonary Disease 22 (40%)
Chronic Kidney Disease 12 (22%)
Coronary Artery Disease 17 (31%)
Antiplatelet drugs 30 (55%)
Antihypertensive drugs 43 (79%)
Chronic limb-threatening ischemia symptoms and signs 39 (72%)
Acute limb ischemia symptoms and signs 24 (54%)
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In 19 cases, coverage of the thoracic aorta embolic source was performed, while in
35 cases, the abdominal aorta was treated. The thoracic aorta was covered for an aver-
age of 133.5 mm (median 150 mm, IQR 150–101 mm). Four patients underwent femoral
bypass, while eight patients underwent femoral-popliteal bypass, 17 underwent femoro-
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tibial bypass and 1 underwent popliteal bypass. In 23 cases, they were performed using
the large saphenous, while a prosthetic graft was used in 7 cases. A total of 11 patients
underwent an aortic procedure after peripheral revascularization. All patients underwent
postoperative antithrombotic and antiplatelet therapy (LMWH and acetylsalicylic acid),
which was then discharged with antiplatelet therapy. Twenty-four patients underwent just
the aortic procedure of embolic source coverage and they were therefore discharged with
a prescription for antiplatelet therapy (acetylsalicylic acid 100 mg per day) in combina-
tion with cilostazol for the treatment of PAD. The operational details are summarized in
Tables 2 and 3. No embolic events were detected during procedures. Transient renal
failure occurred in three patients (7%) and myocardial infarction occurred in one patient
(2%), while there were no cerebrovascular events and no cases of spinal cord ischemia. In
two cases, we observed a recurrent embolism after aortic coverage. Aortic-related mortality
was reported in only one case of a patient who died of multiple organ failure. Overall
survival was 98% at 30 days, 95% at 6, 12 and 24 months, and 77% at 48 months. The
overall primary patency of distal bypass grafts was 91% at 30 days and 87% at 6, 12 and
24 months. Based on the timing of peripheral revascularization, four patient subgroups
were identified: in cases of synchronous aortic and peripheral procedures, primary patency
was 100% during the entire follow-up, while in cases of phased procedures, it was 87% at
30 days and 79% at 6, 12 and 24 months; in particular: in cases of aortic surgery before
peripheral revascularization, primary patency was 93% at 30 days and later, while in cases
of peripheral revascularization before the aortic procedure, primary patency was 87% at
30 days and 75% at 6, 12 and 24 months. We did not record any differences in terms of
these results, which were related to the aortic district of the embolic source or to the type of
endografts that were used.

Table 2. Operative details of patients.

Patients: n. (%)

Thoracic aortic source 19 (35%)
Abdominal aortic source 35 (64%)
Hybrid treatment 30 (55%)
- Synchronous 12 (22%)
- Staged 22 (40%)
- Aortic procedure first 8 (14%)
- Peripheral procedure first 11 (20%)
Aortic procedure only 24 (44%)

Table 3. Operative details: used endografts patients.

Patients: n. (%)

Bolton Relay/Relay NBS+ Cook Zenith Alpha Medtronic Valiant
Navion/Endurant II Gore TAG/Excluder Endologix AFX

Thoracic aortic source 10 (18%) 1 (2%) 4 (9.5%) 4 (9.5%) /
Abdominal aortic source / 8 (14%) 12 (22%) 5 (9%) 8 (14%)

In patients with PSC2I, the average age was 63.4 ± 9.2 years. The median duration of
follow-up was 11.2 months (IQR 17.3–5.8). Risk factors for vascular disease were hyper-
tension (81%), diabetes (42%), smoking (61%), renal failure (26%), COPD (40%), coronary
heart disease (29%) and corticosteroid therapy (65%); 73% were already taking antihy-
pertensive drugs and 57% were taking antiplatelet drugs. Table 1 A CTA scan revealed
unstable thoracic (two cases) or abdominal (six cases) aortic thrombus of patients who had
symptoms of chronic peripheral arterial disease with limb-threatening ischemia (CLTI)
(six cases) or typical distal embolism of “junk kick” type (two cases) (Figure 3). All CLTI
patients were classified according to the Rutherford system as: class 4, one patient; class 5,
four patients; and class 6, three patients. Two patients (25%) underwent one-step pro-
cedures, while six patients (75%) underwent hybrid one-step procedures. In two cases,
coverage of the thoracic aorta embolic source was performed, while in six cases, the ab-
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dominal aorta was treated. The thoracic aorta was covered for an average of 130.5 mm
(median 150 mm, IQR 150–101 mm). Five patients underwent femoro-tibial bypass and one
underwent popliteal bypass. In five cases, they were performed using the large saphenous,
while a prosthetic graft was used in one case. A total of eight patients (66.6%) underwent an
aortic procedure after peripheral revascularization. All patients underwent postoperative
antithrombotic and antiplatelet therapy (LMWH and acetylsalicylic acid), and were then
discharged with antiplatelet therapy. Four patients (33.3%) underwent just the aortic proce-
dure of the embolic source coverage and they were therefore discharged with a prescription
for antiplatelet therapy (acetylsalicylic acid 100 mg per day) in combination with cilostazol
for the treatment of PAD. No oral anticoagulation was administered because we performed
an endovascular treatment for coverage of the embolic source. One embolic event was
detected during procedures (with PSC2I). Transient renal failure occurred in one patient
(8.3%), and there were no cerebrovascular events and no cases of spinal cord ischemia. In
two cases, we observed a recurrent embolism after aortic coverage. Aortic-related mortality
was reported in just one case of a patient who died of multiple organ failure Table 4. Overall
survival was 100% at 30 days and 100% at 6 months. The overall primary patency of the
distal bypass grafts was 100% at 30 days and 84% at 6 months in no PSC2I. The overall
primary patency of distal bypass grafts in patients with PSC2I was 50% at 30 days and
47% at 6 months. Based on COVID’s onset timing, five patient subgroups were identified:
one patient of eight submitted to hybrid procedures had a confirmed SARS-CoV-2 infec-
tion 1 month before intervention, three patients from 2 to 3 months before intervention,
two patients from 5 to 6 months before intervention, one patient 8 months before interven-
tion and the last patient 10 months before intervention.

Diagnostics 2023, 13, x FOR PEER REVIEW 6 of 10 
 

 

 
Figure 3. CTA scan revealed unstable thoracic aortic thrombus. 

Table 1. Characteristics of patients. 

  Patients: n. (%) 
Age 68.8 ± 10.2  
Male  41 (79%) 
Hypertension  44 (81.5%) 
Diabetes  22 (40%) 
Smoking habit (current)  30 (55%) 
Chronic Obstructive 
Pulmonary Disease  22 (40%) 

Chronic Kidney Disease  12 (22%) 
Coronary Artery Disease  17 (31%) 
Antiplatelet drugs  30 (55%) 
Antihypertensive drugs  43 (79%) 
Chronic limb-threatening 
ischemia symptoms and 
signs 

 39 (72%) 

Acute limb ischemia 
symptoms and signs  24 (54%) 

Table 2. Operative details of patients. 

 Patients: n. (%) 
Thoracic aortic source 19 (35%) 
Abdominal aortic source 35 (64%) 
Hybrid treatment 30 (55%) 
- Synchronous 12 (22%) 
- Staged 22 (40%) 
- Aortic procedure first 8 (14%) 
- Peripheral procedure first 11 (20%) 
Aortic procedure only 24 (44%) 

  

Figure 3. CTA scan revealed unstable thoracic aortic thrombus.

Table 4. Outcomes.

Patients: n. 54 (%)

Transient renal failure 4 (7.4%)
Amputations 13 (24%)
Fasciotomy 5 (9.2%)
Reperfusion syndromes 4 (7.4%)
Recurrent embolism 3 (5.5%)
Embolic stroke 1 (1.8%)
Multiple organ failure (MOF) 1 (0.8%)

4. Discussion

A relatively small number of publications, including case reports and small case series,
describing patients with thrombus in a non-aneurysmal minimally atherosclerotic either
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thoracic or abdominal aorta have been published [10], while more recent experiences fo-
cus on the outcomes in conditions of an atherosclerotic and “shaggy” aorta [11]. Acute
symptoms from peripheral embolism were the most frequent manifestation [6–8,10,12–18].
Diagnosis of this pathology is first based on the clinical evaluation of peripheral symptoms
and signs, if present. Suspicions should be confirmed by instrumental diagnosis with
the first step being the exclusion of any possible cardiological source. After the exclusion
of arrhythmic causes, an echocardiographic examination should be performed in order
to exclude anatomical anomalies and pathologies. Transesophageal echocardiography
has an important role in the diagnosis of mural thrombus in aorta thoracic segments, es-
pecially in asymptomatic patients [19,20]. Its recent widespread diffusion permitted an
improvement in the diagnostic process of this pathology. The CT angiography scan remains
the gold standard for both the completion of the diagnostic process and the therapeutic
strategy [3,4]. The optimal management of these patients is still controversial and it de-
pends on the thrombus location and morphology, the symptoms and the patient’s general
condition [10]. Treatment includes systemic anticoagulation and open surgical or endovas-
cular procedures [15,20]. Surgical treatment has been rather restrictively used, mainly
because operative morbidity is still considered comparatively high. The advancement of
endovascular techniques and devices provides a minimally invasive alternative to patients
otherwise deemed poor surgical candidates [8,21]. A limitation of this study is the lack of a
histological confirmation of peripheral microembolism. Nevertheless, clinical evaluation is
often sufficient for embolizing pathology diagnosis. Following this aspect, although there
cannot be certainty about the treated aortic segment being the real embolizing source, the
absence of recurrent embolizing events sustains the diagnosis ex juvantibus with a good
probability. Shames and Carroccio reported results in their experiences that are similar
to ours, with the latest having a rate of 89% of peripheral lesions healing after 1 year, in
the absence of recurrent embolism [22,23]. Our data are in line with these, as we observed
only two cases of recurrent embolism. One of these was probably due to an incomplete
exclusion of the embolic source, which was confirmed by means of a CT scan angiography.
This led to a revision of the previous lower limb bypass and a trans-metatarsal amputation.
Instead, we noticed a difference in terms of renal failure after treatment, which was suffered
in a transient form by three of our patients, all of them presenting a subsequent reversion
to the values noted before treatment. We registered no cases of spinal cord ischemia. As
it concerns the treatment of the thoracic aorta, in all our cases, the maximum length of
coverage was 150 mm, seemingly following other literature about this being a prognostic
factor in these terms. In total, 55% of our patients needed and underwent a lower limb
revascularization procedure, with one of them needing a leg amputation after 1 month and
one needing a leg amputation after 49 months. The improved accessibility to instrumental
diagnostics resulted in better timing also related to an accidental diagnosis, resulting in an
early treatment planification and therefore, probably, in a better result. Due to our center
having a high volume of complex pathologies, it surely has an advantage regarding the
diagnostic process. Still, embolic aorta remains a disease that is not well known as its
treatment strategies remain controversial, especially in the context of a non-aneurysmal
and minimally atherosclerotic aorta. Our experience underlines the importance of an
early diagnosis in order to avoid complications on graft patency and for a patient’s gen-
eral clinical conditions due to the persistence of an unrecognized embolic source. In the
above-mentioned cases of patients who underwent the aortic procedure after peripheral
intervention, the diagnosis of embolic aorta was made because of complications due to new
embolic events, which caused the loss of patency of peripheral bypass or transient renal in-
sufficiency and led to the execution of a CTA scan. It is important to perform antithrombotic
therapy both in cases of conservative management and of surgical pathology treatment,
as was suggested by many previous experiences. In addition, an antiplatelet therapy has
to be performed after revascularization procedures and aortic endograft/stent coverage.
Although not statistically significant, our data show a trend of better outcomes in favor of
the group of patients who underwent synchronous aortic and peripheral procedures and
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the group undergoing aortic procedure first, among patients who underwent staged inter-
ventions. We registered two cases of recurrent embolism among patients who underwent
the lower limb revascularization procedure before aortic coverage. In those patients, this
led to a lower limb reintervention in order to maintain assisted patency. This shows a trend
in favor of performing the aortic embolic source coverage first in terms of patency of lower
limb bypass. The choice of different types of endografts seems not to have an influence
in terms of outcomes, so this can be electively made on the base of anatomy and peculiar
features of the aorta. The distance between the aortic and peripheral procedures did not
seem to influence the outcomes directly, at least in the group of patients who underwent the
aortic procedure first. However, the restricted number of patients could have a role in this
observation. The multisystemic aspects of acute SARS-CoV-2 infection as major coagulation
disorders and vascular complications such as thromboembolism have been thoroughly
evaluated [24], while the long-term complications are still an unexplored area. SARS-CoV-2
invades vascular endothelial cells following a proinflammatory and procoagulant state.
The hyperinflammatory response induces endothelitis [25], but it is not clear how long this
condition persists in the disease convalescent phase. The risk of vascular complications
in post-COVID-19 infection is probably due to its hyperinflammatory condition. The late
onset of thrombotic events after COVID-19 infection linked to a hypercoagulable state
with no preexisting occurrence before COVID-19 infection has been described [26]. From
our experience, we described an increased mortality and amputation rate in patients with
previously confirmed SARS-CoV-2 infection submitted to intervention for mural aortic
thrombosis associated with the chronic peripheral obstruction of lower limbs. In these
patients, persistent hematologic (as coagulopathy and elevated base line D-dimers) and
immunologic disease can persist after acute COVID-19 [27].

Limitations

The main limitations of our study include a relatively small number and heterogeneity
of patients.

5. Conclusions

Our experience with stent coverage of complex aortic lesions, which could be per-
formed alone or in association with distal bypass graft for embolization-induced PAD,
supports this approach to this pathology in a variety of settings. The COVID-19 pandemic
has led to an increased prevalence of mortality and amputation in patients with mural
aortic thrombosis associated with chronic peripheral obstruction of the lower limbs due to
the interconnection between risk factors such as corticosteroid therapy, hematologic disease
and procoagulant and proinflammatory pathways following SARS-CoV-2 infection.

Author Contributions: Conceptualization, F.B.; methodology, F.B. and G.D.C.; validation, F.B. and
G.D.C.; formal analysis F.B. and G.D.C.; investigation F.B., G.D.C., F.L.C. and D.S.; resources, F.B.;
data curation F.B., G.D.C., F.L.C. and D.S.; writing—original draft preparation, F.B., G.D.C., F.L.C.
and D.S.; writing—review and editing, F.B., G.D.C., F.L.C. and D.S.; supervision, F.B., G.D.C., G.P.
and S.T.; project administration, F.B. and G.D.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Azienda Ospedaliera Universitaria
di Messina (372bis/22).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author (F.B. and G.D.C.) upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2023, 13, 1208 9 of 10

References
1. Eliason, J.L.; Wainess, R.M.; Proctor, M.C.; Dimick, J.B.; Cowan, J.A., Jr.; Upchurch, G.R., Jr.; Stanley, J.C.; Henke, P.K. A national

and single institutional experience in the contemporary treatment of acute lower extremity ischemia. Ann. Surg. 2003, 238,
382–389; discussion 389–390. [CrossRef] [PubMed]

2. O’Connell, J.B.; Quiñones-Baldrich, W.J. Preoper evaluation and management of acute embolic versus thrombotic limb ischemia.
Semin. Vasc. Surg. 2009, 22, 10–16. [CrossRef] [PubMed]

3. Jongkind, V.; Earnshaw, J.J.; Gonçalves, F.B.; Cochennec, F.; Debus, E.S.; Hinchliffe, R.; Menyhei, G.; Svetlikov, A.V.; Tshomba, Y.;
Van Den Berg, J.C.; et al. Editor’s Choice—European Society for Vascular Surgery (ESVS) 2020 Clinical Practice Guidelines on the
Management of Acute Limb Ischaemia. Eur. J. Vasc. Endovasc. Surg. 2020, 59, 173–218.

4. Verma, H.; Meda, N.; Vora, S.; George, R.K.; Tripathi, R.K. Contemporary management of symptomatic primary aortic mural
thrombus. J. Vasc. Surg. 2014, 60, 1524–1534. [CrossRef]

5. Oliver, D.O. Embolism from mural thrombus in the thoracic aorta. Br. Med. J. 1967, 3, 655–656. [CrossRef] [PubMed]
6. Choukroun, E.M.; Labrousse, L.M.; Madonna, F.P.; Deville, C. Mobile thrombus of the thoracic aorta: Diagnosis and treatment in

9 cases. Ann. Vasc. Surg. 2002, 16, 714–722. [CrossRef] [PubMed]
7. Tsilimparis, N.; Hanack, U.; Pisimisis, G.; Yousefi, S.; Wintzer, C.; Rückert, R.I. Thrombus in the non-aneurysmal, non-

atherosclerotic descending thoracic aorta–an unusual source of arterial embolism. Eur. J. Vasc. Endovasc. Surg. 2011,
41, 450–457. [CrossRef] [PubMed]

8. Scott, D.J.; White, J.M.; Arthurs, Z.M. Endovascular management of a mobile thoracic aortic thrombus following recurrent distal
thromboembolism: A case report and literature review. Vasc. Endovasc. Surg. 2014, 48, 246–250. [CrossRef]

9. Rutherford, R.B.; Baker, J.D.; Ernst, C.; Johnston, K.W.; Porter, J.M.; Ahn, S.; Jones, D.N. Recommended standards for reports
dealing with lower extremity ischemia: Revised version. J. Vasc. Surg. 1997, 26, 517–538. [CrossRef]

10. Berneder, S.; van Ingen, G.; Eigel, P. Arch thrombus formation in an apparently normal aorta as a source for recurrent peripheral
embolization. Thorac. Cardiovasc. Surg. 2006, 54, 548–549. [CrossRef]

11. Franchin, M.; Grassi, V.; Piffaretti, G.; Bush, R.L.; Tozzi, M.; Lomazzi, C. Thoracic Endovascular Aortic Repair in “Shaggy Thoracic
Aortic Aneurysms”. Cardiovasc. Interv. Radiol. 2021, 44, 220–229. [CrossRef] [PubMed]

12. Mark, H.K.; Ho, N.S.; Tse, C.C.W.; Tang, L.F.; Hwang, S.T. Recurrent lower limb embolism from thoracic aortic mural thrombus:
A rare presentation of occult malignancy. Hong Kong Med. J. 2005, 11, 503–506.

13. Lau, L.S.; Blanchard, D.G.; Hye, R.J. Diagnosis and management of patients with peripheral macroemboli from thoracic aortic
pathology. Ann. Vasc. Surg. 1997, 11, 348–353. [CrossRef] [PubMed]

14. Larrieu, A.J.; Ayella, R.J. The non-aneurysmal atherosclerotic abdominal aorta as a source of emboli: Report of a case. Am. Surg.
1978, 44, 610–613.

15. Hahn, T.L.; Dalsing, M.C.; Sawchuk, A.P.; Cikrit, D.F.; Lalka, S.G. Primary aortic mural thrombus: Presentation and treatment.
Ann. Vasc. Surg. 1999, 13, 52–59. [CrossRef] [PubMed]

16. Gouëffic, Y.; Chaillou, P.; Pillet, J.C.; Duveau, D.; Patra, P. Surgical treatment of non aneurysmal aortic arch lesions in patients
with systemic embolization. J. Vasc. Surg. 2002, 36, 1186–1193. [CrossRef] [PubMed]

17. Böckler, D.; von Tengg-Kobligk, H.; Schoebinger, M.; Gross, M.L.; Schumacher, H.; Ockert, S.; Allenberg. An unusual cause of
peripheral artery embolism: Floating thrombus of the thoracic aorta surgically removed. Vasa 2007, 36, 121–123. [CrossRef] [PubMed]

18. Adams, C.; Nagpal, A.D.; Forbes, T.L.; Lawlor, D.K.; Chu, M.W.A. Spontaneous aortic arch thrombus presenting as acute critical
limb ischemia. Vasc. Endovasc. Surg. 2010, 44, 309–311. [CrossRef] [PubMed]

19. Belkin, R.N.; Chaudhry, S.; Chung, J.; Kay, R.H.; Pooley, R.A.; Shah, P.; Reed, G.E. Detection of ascending aorta thrombi with
transesophageal echocardiography in patients with systemic embolization. Am. Heart. J. 1995, 130, 1294–1295. [CrossRef]

20. Auer, J.; Aschl, G.; Berent, R.; Zisch, R.; Weber, T.; Eber, B. Systemic embolism from a large descending aortic thrombus. Int. J.
Cardiol. 2003, 89, 305–307. [CrossRef] [PubMed]

21. Jeyabalan, G.; Wallace, J.R.; Chaer, R.A.; Leers, S.A.; Marone, L.K.; Makaroun, M.S. Endovascular strategies for treatment of
embolizing thoracoabdominal aortic lesions. J. Vasc. Surg. 2014, 59, 1256–1264. [CrossRef]

22. Carroccio, A.; Olin, J.W.; Ellozy, S.H.; Lookstein, R.A.; Valenzuela, R.; Minor, M.E.; Sheahan, C.M.; Teodorescu, V.J.; Marin, M.L.
The role of aortic stent grafting in the treatment of atheromatous embolization syndrome: Results after a mean of 15 months
follow-up. J. Vasc. Surg. 2004, 40, 424–429. [CrossRef]

23. Shames, M.L.; Rubin, B.G.; Sanchez, L.A.; Thompson, R.W.; Sicard, G.A. Treatment of embolizing arterial lesions with endolumi-
nally placed stent grafts. Ann. Vasc. Surg. 2002, 16, 608–612. [CrossRef] [PubMed]

24. Voigtlaender, M.; Edler, C.; Gerling, M.; Schädler, J.; Ondruschka, B.; Schröder, A.S.; Sperhake, J.; Ehrhardt, S.; Wang, L.; Haddad,
M.; et al. Thromboembolic events in deceased patients with proven SARS-CoV2 infection: Frequency, characteristics and risk
factors. Thromb. Res. 2002, 218, 171–176. [CrossRef] [PubMed]

25. Varga, Z.; Flammer, A.J.; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A.S.; Mehra, M.R.; Schuepbach, R.A.; Ruschitzka,
F.; Moch, H. Endothelial cell infection and endothelitis in COVID-19. Lancet 2020, 395, 1417–1418. [CrossRef]

http://doi.org/10.1097/01.sla.0000086663.49670.d1
http://www.ncbi.nlm.nih.gov/pubmed/14501504
http://doi.org/10.1053/j.semvascsurg.2008.12.004
http://www.ncbi.nlm.nih.gov/pubmed/19298930
http://doi.org/10.1016/j.jvs.2014.08.057
http://doi.org/10.1136/bmj.3.5566.655
http://www.ncbi.nlm.nih.gov/pubmed/6038341
http://doi.org/10.1007/s10016-001-0314-2
http://www.ncbi.nlm.nih.gov/pubmed/12417931
http://doi.org/10.1016/j.ejvs.2010.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21145267
http://doi.org/10.1177/1538574413513845
http://doi.org/10.1016/S0741-5214(97)70045-4
http://doi.org/10.1055/s-2006-923976
http://doi.org/10.1007/s00270-020-02676-2
http://www.ncbi.nlm.nih.gov/pubmed/33078232
http://doi.org/10.1007/s100169900059
http://www.ncbi.nlm.nih.gov/pubmed/9236989
http://doi.org/10.1007/s100169900220
http://www.ncbi.nlm.nih.gov/pubmed/9878657
http://doi.org/10.1067/mva.2002.128933
http://www.ncbi.nlm.nih.gov/pubmed/12469050
http://doi.org/10.1024/0301-1526.36.2.121
http://www.ncbi.nlm.nih.gov/pubmed/17708104
http://doi.org/10.1177/1538574410363620
http://www.ncbi.nlm.nih.gov/pubmed/20308165
http://doi.org/10.1016/0002-8703(95)90160-4
http://doi.org/10.1016/S0167-5273(02)00509-0
http://www.ncbi.nlm.nih.gov/pubmed/12767560
http://doi.org/10.1016/j.jvs.2013.11.068
http://doi.org/10.1016/j.jvs.2004.06.036
http://doi.org/10.1007/s10016-001-0278-2
http://www.ncbi.nlm.nih.gov/pubmed/12183782
http://doi.org/10.1016/j.thromres.2022.08.021
http://www.ncbi.nlm.nih.gov/pubmed/36057167
http://doi.org/10.1016/S0140-6736(20)30937-5


Diagnostics 2023, 13, 1208 10 of 10

26. Fan, B.E.; Umapathi, T.; Chua, K.; Chia, Y.W.; Wong, S.W.; Tan, G.W.L.; Chandrasekar, S.; Lum, Y.H.; Vasoo, S.; Dalan, R.
Delayed catastrophic thrombotic events in young and asymptomatic post COVID-19 patients. J. Thromb. Thrombolysis 2021,
51, 971–977. [CrossRef]

27. Korompoki, E.; Gavriatopoulou, M.; Fotiou, I.N.; Dimopoulos, M.A.; Terpos, E. Late-onset hematological complications post
COVID-19: An emerging medical problem for the ematologist. Am. J. Hematol. 2022, 97, 119–128. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s11239-020-02332-z
http://doi.org/10.1002/ajh.26384
http://www.ncbi.nlm.nih.gov/pubmed/34687462

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Variables 
	Follow-Up Protocol 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

