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Abstract

Aortic floating thrombus (AFT) is a rare disease, which is often misdiagnosed as a tumor or another disease. Here, we report five cases
of AFT, confirmed by computed tomography angiography (CTA). The patients’ laboratory biomarkers, clinical treatment, dynamic
changes, and CTA features, including the AFT location, morphology, size, and aortic segment involvement, were retrospectively an-
alyzed. CTA was the main imaging modality for detecting AFT, as it could depict lesions and determine the therapeutic effects ac-
curately. Overall, the therapeutic strategy should be selected individually, depending on the patient’s physical health; conservative
medication use is also recommended.
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1. Introduction

Aortic mural thrombus (AMT), which is commonly
caused by severe aortic atherosclerosis, aortic aneurysm,
aortic dissection, and Takayasu’s arteritis, is often attached
to the inner wall of the aorta. As the distal end of AMT
can float freely in the blood flow, the term “aortic floating
thrombus” (AFT) has been widely used to describe it. Gen-
erally, AFT is described as a specific type of AMT. While AMT
is more common, AFT is a very rare disease with an unclear
etiology.

A hypercoagulable state and aortic disease are the
main etiologies of AFT (1, 2). In computed tomography an-
giography (CTA) of the aorta, AFT has been mostly found in
the thoracic and abdominal aortas, while it is rarely found
in the ascending aorta. Here, we report five cases of AFT in
the ascending aorta and present the CTA findings, clinical
treatment, and follow-up changes in the patients.

2. Case Presentation

2.1. Case 1

A 68-year-old male patient was admitted to the hospi-
tal because of recurrent heart palpitations for three years,
which had aggravated for one month. Physical examina-
tions showed no obvious abnormalities. The D-dimer level
was 2,657 ug/L (normal level < 500 ug/L). The results of CTA

indicated AFT (Figure 1A-C). The break-off risk ratio (boRR)
was estimated at 2.01, according to Yang’s formula (boRR
= length of the free portion/length of the attached por-
tion) (3). The patient was transferred to the cardiovascu-
lar surgery department for surgical treatment. The ascend-
ing aorta was dissected, and a red protuberant mass with
a wide pedicle was found; it was tough, smooth, and com-
plete without capsules (indistinct from the aortic intima)
(Figure 1D).

The gross examination revealed that the tumor was red
and smooth with a hard surface (approximate length, 5.8
cm) (Figure 1E). Microscopically, fibrin formed a grid-like,
layered pattern, filled with blood cells, most of which were
red blood cells and evenly distributed white blood cells
(Figure 1F). A final diagnosis of thrombus was established.
One week after surgery, the patient was treated and dis-
charged from the hospital. Following discharge, the pa-
tient was prescribed aspirin and clopidogrel antiplatelet
therapy. Besides, CTA was repeated at 12 months postopera-
tively. There was no thrombosis in the ascending aorta, and
the blood flow was normal.

2.2. Case 2

A 58-year-old male patient was admitted to the hospital
because of chest tightness, lower back pain, and left lower
limb pain for two hours. He had a history of hypertension
for 15 years. Upon admission, he presented with acute chest
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Figure 1. A, A 68-year-old male patient with heart palpitations for three years, aggravated for one month. CTA shows a slightly low-density filling defect in the ascending aorta
(white arrow); B, Contrast enhancement of CTA indicates local thickening of the left anterior wall of the ascending aorta (white arrow). The filling defect size is approximately
1.5 × 2.5 cm; C, Multi-planar reconstruction indicates that the long axis of the lesion is along the direction of blood flow (white arrow). The proximal part is attached to the
wall, and the distal part is free with a length of about 5.0 cm; D, During surgery, the tumor was tough, smooth, and complete without capsules; E, The gross pathological
specimens show a red protuberant mass with a broad pedicle, connected to the aortic wall; F, A diagnosis of thrombus is established (haematoxylin and eosin [H&E] staining,
× 400 magnification).

pain and back pain; however, his vital signs were stable,
and no obvious abnormality was found in the physical ex-
amination. The D-dimer level was 1,965 ug/L. Following ad-
mission, triple rule-out CTA and CTA examination of the left
lower extremity showed no obvious abnormalities in the
coronary or pulmonary arteries. However, the left wall of
the ascending aorta was partially thickened with a filling
defect (Figure 2A and B). Local kidney infarction and occlu-
sion of the left popliteal artery were also detected (Figure
2C and D). The boRR was measured to be 4.9.

Under general anesthesia and cardiopulmonary by-
pass, the ascending aorta was excised, and artificial vas-
cular replacement was performed. Meanwhile, a Fogarty
arterial embolectomy catheter was used for the left lower
extremity artery. After discharge, aspirin and clopidogrel
were regularly used; no new thrombosis was detected af-
ter 24 months.

2.3. Case 3

A 57-year-old male patient was hospitalized for sudden
chest pain for four hours while driving. He had a history
of hypertension for 15 years. The level of D-dimer was 2,143
ug/L. The CTA examination showed that the anterior wall
of the ascending aorta was thickened, with a filling defect
of 3.3 × 1.7 cm approximately (Figure 3). A floating throm-
bus was suggested in the anterior wall of the ascending
aorta; the boRR was measured to be 5.4. Because of the high
risk of arterial thrombosis, surgical treatment was recom-
mended. The ascending aorta was resected, and the artifi-
cial vessel was replaced. Anticoagulants were used by the
patient regularly. During the 36-month follow-up, the re-
sults of CTA were normal.

2.4. Case 4

A 71-year-old male patient was hospitalized for recur-
rent chest tightness for one month. He had a 20-year

2 Iran J Radiol. 2021; 18(4):e116043.



Zhang B et al.

Figure 2. A, A 58-year-old male patient with chest tightness, lower back pain, and left lower limb pain for two hours. CTA shows local thickening of the right wall of the
ascending aorta with a filling defect (approximate size, 1.2 × 1.5 cm); B, Multi-planar reconstruction indicates that the long axis of the lesion is in the direction of blood flow.
The proximal segment is attached to the wall, while the distal segment is free; C, Contrast-enhanced CT cross-section shows bilateral segmental renal infarction; D, Maximum
density projection of CTA for both lower limbs indicates the left popliteal artery embolism; the distal vessels are not clear.

Figure 3. A, A 57-year-old male patient experiencing sudden chest pain for four hours while driving. CTA indicates local thickening of the anterior wall of the ascending aorta
with a 3.3 × 1.7 cm filling defect. B, Multi-planar reconstruction of CTA reveals that the long axis of the lesion is in the direction of blood flow, with the proximal part attached
to the vascular wall and the distal part floating free.

history of hypertension. His blood pressure was 190/100
mmHg. The level of D-dimer was 1,869 ug/L. The CTA exami-
nations of coronary and pulmonary arteries showed no ab-
normal findings. The results of CTA showed two filling de-
fects in the anterior and posterior walls of the ascending
aorta (Figure 4A); the boRR was 2.2 and 5.5, respectively. The
patient refused surgical treatment and was transferred to
an advanced specialty hospital for treatment. Regular anti-
coagulation and thrombolysis treatment with oral rivarox-
aban were performed for the patient after one month. The
ascending aorta wall was smooth, and no filling defect was
found in the lumen (Figure 4B). Conservative treatment

was considered suitable for the patient. After 18 months,
there was no new thrombosis on CTA.

2.5. Case 5

A 72-year-old male patient was admitted to the hospi-
tal for recurrent chest tightness for two months. He had no
significant medical history or obvious abnormalities in the
physical examination. The D-dimer level was 300 ug/L (nor-
mal level < 500 ug/L). Following admission, CTA showed no
obvious abnormalities in the coronary arteries. However,
the left wall of the ascending aorta was locally thickened,
and a papillary filling defect was found (Figure 5); the boRR
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Figure 4. A, A 71-year-old male patient with recurrent chest tightness for one month. CTA indicates filling defects in the anterior and posterior walls of the ascending aorta (1.4
× 0.9 and 0.3 × 0.5 cm, respectively). Multi-planar reconstruction shows that the long axis of the two lesions is in the direction of blood flow; B, Thrombus disappeared one
month after thrombolytic therapy.
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was measured to be 2.9. AFT disappeared after two months
of regular anticoagulation and thrombolysis with rivarox-
aban.

The clinical characteristics and follow-up data of the
five cases examined in this study are presented in Table 1.
The detailed CTA imaging findings are also shown in Table
2.

3. Discussion

AMT can be divided into fixed and pedicled types ac-
cording to its morphology. Because the distal ends of pedi-
cled thrombi may seem to float in the blood flow on ul-
trasound, computed tomography (CT), and dynamic mag-
netic resonance imaging (MRI), they are known as float-
ing thrombi. Although the incidence and distribution of
aortic thrombosis remain unclear, they are often associ-
ated with aortic aneurysms; in other words, non-aortic
aneurysm thrombosis is rare. In this regard, Machleder et
al. (4) reported that the incidence of non-aortic aneurysm
thrombosis was 0.45% (45/10,671) in autopsy cases.

A floating thrombus is more likely to cause severe pe-
ripheral vascular embolism compared to a fixed thrombus,
such as lower extremity artery, superior mesenteric artery,
renal artery splenic artery and upper limb artery. Intracra-
nial and coronary arteries are rarely involved, but the prog-
nosis is poor once it happened. Intracranial and coronary
arteries are rarely involved, although the prognosis is poor.
The incidence rate of AFT is low, and its clinical diagnosis
is easy to miss. Currently, with the extensive application
of CTA, it is possible to detect AFT, which is of great signifi-
cance for the etiology, diagnosis, treatment, and prognosis
of the disease.

High blood pressure and high blood flow in a normal
aorta are not usually associated with thrombosis; higher
blood pressure and higher blood flow in the ascending
aorta make thrombosis even rarer. In this regard, a meta-
analysis by Fayad et al. (5) showed that the incidence of
thrombosis was 11.6% in the ascending aorta, while it of-
ten exceeded 30% in the aortic arch and descending aorta.
The predisposing conditions for thrombosis commonly in-
clude intimal injury to the vessel, vascular state change,
and abnormal blood coagulation. Although the etiology
of AFT is unknown, it may be related to aortic atheroscle-
rosis, aortic aneurysm, hematological diseases, malignant
tumors, anticancer therapy, hormone therapy, connective
tissue diseases, iatrogenic conditions, trauma, hyperho-
mocysteinemia due to heavy drinking, and a hypercoagu-
lable state due to pregnancy (1, 2, 6, 7).

In the present study, local wall thickening, with or
without calcification was found in four patients in a hy-
percoagulable state, indicating that aortic wall atheroscle-

rosis and a hypercoagulable state are the main causes
of a floating thrombus in the ascending aorta. Be-
sides, other studies have reported a floating thrombus of
the ascending aorta in a normal aortic wall and a non-
hypercoagulable state. AFT is commonly located at the
junction of the aortic sinus and the sinus tube; its special
anatomical structure, where turbulence is easy to form,
may result in a transient local hypercoagulable state (8, 9).

It is generally believed that the biological characteris-
tics of the ascending aorta determine the target sites for
thrombosis. In this regard, von Knobelsdorff-Brenkenhoff
et al. (10) reported the specificity of blood flow in the as-
cending aorta, as the blood flow velocity near the poste-
rior wall of the ascending aorta is slow with a low shear
force, while near the right anterior wall, it is fast with a
high shear force. A low shear force is related to a high
risk of plaque progression caused by inflammation (11),
while a high shear force is associated with atherosclero-
sis. The morphology of the ascending aorta often changes
with advancing age; therefore, change of shear force in the
aortic wall is more likely to occur in the right posterior
wall. Therefore, from a biomechanical point of view, the
right posterior wall is the most vulnerable site for throm-
bosis. However, according to our literature review, floating
thrombi in the ascending aorta are randomly distributed.

In this study, two out of the six AFTs were located in the
anterior wall, one in the left anterior wall, two in the left
wall, one in the posterior wall, and none in the right poste-
rior wall. Besides biomechanics, there may be other factors
related to the ascending aorta thrombosis. AFT was dis-
played as a low-density filling defect in the aortic lumen on
CTA images. It could be spherical, cylindrical, flaky, or pap-
illary in shape, connected to the aortic wall with a narrow
base or pedicle. Most AFTs were in the direction of blood
flow and floated with the heartbeat without contrast en-
hancement. In this group, five large AFTs were found in the
direction of blood flow, and one smaller AFT was found per-
pendicular to the aortic wall.

According to Yang’s boRR formula (3), the risk coeffi-
cient of six AFTs was in the range of 2.01-5.54. Theoreti-
cally, the higher the boRR is, the greater the possibility of
thrombus shedding will be. However, boRR data has not
been supported in large samples, and its statistical signif-
icance remains unclear. According to our review of the lit-
erature, AFT does not break off easily mostly. Some AFTs are
still firmly connected to the aortic wall, although periph-
eral vascular embolism happened.

Yang et al. (3) reported two cases of AFT with par-
tial splenic infarction and segmental embolism of the su-
perior mesenteric artery. The end of AFT was bifurcated,
which might be related to the emergence of a new growth
endpoint after the local portions of thrombus break off.
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Figure 5. A 72-year-old male patient with recurrent chest tightness for two months. CTA cross-section (A) and multi-planar reconstruction (B) indicate a papillary filling defect
in the left wall of the ascending aorta, perpendicular to the aortic wall.

Table 1. The Clinical Characteristics of the Patients

Case Age (y) Sex Chief complaint History D-dimer level
(< 500 ug/L)

Treatment Prognosis

1 68 Male Heart palpitations for
three years, aggravated for
one month

None 2,657 Ascending aorta resection and
artificial vascular replacement

Good

2 58 Male Chest tightness, low back
pain, and left lower limb
pain for two hours

Hypertension and
diabetes for 12 years

1,965 Ascending aorta resection, artificial
vessel replacement, and Fogarty
catheter embolectomy of the left
lower extremity artery

Good

3 57 Male Sudden chest pain for four
hours

Hypertension for 15
years

2,143 Ascending aorta resection and
artificial vascular replacement

Good

4 71 Male Recurrent chest tightness
and palpitations for one
month

Hypertension for 20
years

1,869 Anticoagulant therapy for resolving
thrombus

Good

5 72 Male Recurrent chest tightness
for two months

None 300 Anticoagulant therapy for resolving
thrombus

Good

Therefore, thrombus shedding not only depends on the
overall thrombus activity, size, morphology, and boRR, but
is also related to the duration of thrombosis formation
and the local blood flow, because a fresh thrombus is more
likely to break off in a high aortic blood flow. Besides, one
patient with a boRR of 4.9 showed bilateral lower back pain
and left lower limb pain.

The CT examination indicated localized renal infarc-
tion and popliteal artery embolism in the left lower ex-
tremity; aortic lumen thrombosis still existed. The cause
of peripheral vascular embolism may be local intraluminal

turbulence and a hypercoagulable state caused by throm-
bus, along with a local fresh thrombus on the entire throm-
bus surface, broken off due to high blood flow. Besides,
thrombus can lead to iatrogenic interventions. As re-
ported in the literature, when a thrombus is fresh, it breaks
off easily in the blood flow (12).

The clinical manifestations of AFT are non-specific and
usually associated with embolism of the central nervous
system, coronary arteries, mesenteric vessels, and arter-
ies in the extremities due to thrombus shedding, which
is often treated following chest pain and abdominal pain
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Table 2. The CTA Imaging Features of the Patients Evaluated in This Study

Case Number Location Shape boRR Affected aorta Floating direction Complicated
embolism

1 (Figure 1) 1 Left anterior wall Cylindrical 2.01 Local aortic wall
thickening

Along the blood flow None

2 (Figure 2) 1 Left lateral wall Elliptical 4.9 Local aortic wall
thickening

Along the blood flow Infarction of both
kidneys and the left
popliteal artery
embolism

3 (Figure 3) 1 Anterior wall Elliptical 5.4 Local aortic wall
thickening

Along the blood flow None

4 (Figure 4) 2 Anterior wall and
posterior wall

Schistose 2.22 & 5.5 Local aortic wall
thickening and
calcification

Along the blood flow None

5 (Figure 5) 1 Left lateral wall Papillary 2.9 Local aortic wall
thickening

Vertical None

Abbreviations: boRR, break-off risk ratio; CTA, computed tomography angiography.

of unknown origins. In our group of five patients, em-
bolism caused by fresh thrombus breaking off from the
surface of AFT was found in one patient with sudden bilat-
eral lower back pain and left lower limb pain. One patient
was diagnosed with acute chest pain, and AFT was found
in the aortic CTA; however, no abnormality was found in
the coronary artery CTA or pulmonary artery CTA. It was
assumed that the fresh thrombus formed on the AFT sur-
face led to the embolization of small branches of the tho-
racic aorta. Three cases were discovered by accident dur-
ing medical treatment for other reasons. Therefore, AFT
should be taken into consideration in patients with a hy-
percoagulable state and unexplained chest pain and ab-
dominal pain.

On CTA images, AFT emerged as a partially wall-
attached, partially free, or papillary filling defect in the
aortic lumen, floating along the blood flow in multi-phase
cine images (systolic and diastolic phases); it was not dif-
ficult to diagnose AFT, and the main differential diagno-
sis was aortic intimal sarcoma. Clinically, patients may be
treated for pain caused by vascular embolism. AFT is gen-
erally connected to the aorta with a narrow base or pedicle
in images with smooth edges, without contrast enhance-
ment. Aortic endothelial sarcoma is usually connected to
the aorta through a broad base with uneven margins, and
intimal sarcoma is detected after enhancement (13).

Diagnostic imaging modalities for AFT usually include
transesophageal echocardiography (TEE), CTA, and MRI,
which can accurately diagnose AFT and provide real-time
dynamic images more conveniently. However, the con-
nection between the ascending aorta and the aortic arch
is disturbed by the trachea, and the field of view is poor;
therefore, lesions may be missed in the corresponding ar-
eas. CTA of the aorta can be used to accurately diagnose
AFT, evaluate the risk of break-off, and understand whether

there is embolism in the aortic branch and whether it is
combined with abdominal organ infarction; this can be
helpful for follow-up after treatment.

Moreover, dynamic cine CT imaging can be used to ob-
serve the dynamics of thrombus formation and show the
floating state of AFT in the lumen more accurately. Cine
MRI imaging not only can present the floating state of
the free portion of AFT dynamically, but also can identify
whether the lesion in the aortic lumen is neoplastic. How-
ever, the examination time is long, and the cost is high.
Therefore, CTA is the first choice for the preoperative diag-
nosis and postoperative follow-up of AFT.

Due to the rarity of AFT, there is no standardized treat-
ment plan or clinical guidelines for this disease. The treat-
ment plan is mainly based on the patient’s condition and
the clinician’s experience and include drug therapy, inter-
ventional therapy, and open surgery. Two patients in this
group were treated with rivaroxaban, in whom thrombi
disappeared, and no embolism occurred during the dis-
ease. Three patients in this group underwent surgical re-
section and artificial vascular replacement, after which
they used anticoagulants regularly and had a good prog-
nosis.

Several studies have recommended drug therapy as
the first choice of treatment, especially for asymptomatic
cases (3, 14). However, there is no unified standard for the
optimal drug, dosage, or duration of anticoagulant ther-
apy. Ito et al. (15) reported rapid thrombolysis with a plas-
minogen activator. However, thrombolytic therapy could
increase the incidence of embolism events and bleeding
complications; warfarin and rivaroxaban were also used
in case reports of complete thrombolysis of the ascending
aorta (16-18). The risk of thrombus break-off is lower during
an interventional procedure compared to an open surgery.
Since the lesion can easily break off during surgery, a filter

Iran J Radiol. 2021; 18(4):e116043. 7



Zhang B et al.

screen on the distal side of the lesion can prevent remote
embolism caused by thrombus shedding.

Endovascular resection with stent implantation is suit-
able for patients with ineffective drug treatments and poor
general conditions, making them unsuitable candidates
for open surgery. However, there is a certain risk of recur-
rence, and the long-term efficacy of treatment remains to
be investigated. Open surgery is generally suitable for pa-
tients with a high preoperative suspicion of malignant le-
sions, cases of large lesions with a high risk of break-off,
and recurrent thrombosis cases. Postoperative patholog-
ical findings of lesions and the surrounding tube walls are
of great significance for determining the cause of lesions
and future treatment plans (19, 20). Overall, long-term in-
dividualized drug therapy and follow-up are particularly
important for improving prognosis.

In conclusion, AFT is a rare aortic disease, which may
lead to distant vascular embolism and organ infarction
due to thrombus shedding. AFT can occur in patients with
coagulopathy, primary aortic lesions, and regional aortic
blood flow abnormalities due to various causes. When
patients with these underlying diseases have symptoms
of unexplained chest pain and abdominal pain, coagula-
tion function test and aortic CTA need to be performed.
Once AFT is detected, better therapeutic outcomes can be
achieved through timely and effective individualized treat-
ments with improved patient prognosis; if necessary, CTA
review can be used to evaluate the efficacy of treatment
and complications.
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