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Abstract:

An aortic mural thrombus (AMT) on a non-atherosclerotic wall is a rare but important cause of arterial
thromboembolism. We herein report two cases of AMT in the thoracic aorta. Both showed multiple hyperco-
agulable factors (case 1: protein S deficiency and positive finding of anti-cardiolipin antibody; case 2: protein
C deficiency, gastric cancer, and cisplatin-based chemotherapy) and were successfully treated with anticoagu-
lation. Hypercoagulable states, including malignancy, can influence the formation of AMT; therefore, the ac-

curate assessment of a hypercoagulable condition is necessary when we encounter patients with AMT.
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Introduction

Systemic arterial thromboembolism, which can result in
cerebral infarction, myocardial infarction, visceral ischemia,
or limb ischemia, is a serious and sometimes life-threatening
problem. Thrombi, in most cases of arterial thromboem-
bolism, are considered to have cardiac origins, specifically
from complications of atrial fibrillation and myocardial in-
farction (1). However, there are a few cases without such
sources, often called “cryptogenic embolism” (2, 3). With
recent developments in imaging modalities, especially trans-
esophageal echocardiography (TEE), the aorta has been con-
sidered a potential embolic source. When the aorta is sus-
pected as the embolic source, complex atherosclerotic le-
sions are usually involved (3, 4); however, mural thrombus
on a normal or minimally atherosclerotic aorta has also been
regarded as an unusual but possible cause of arterial throm-
boembolism (2, 5). Furthermore, some hypercoagulable dis-
orders have frequently been detected in cases of aortic mural
thrombus (AMT) (5-9).

As its clinical features are not well-known, we herein re-
port two cases of AMT in patients with multiple hyperco-
agulable factors.

Case Reports

Case 1

A 50-year-old man who was a smoker with dyslipidemia
presented to the emergency department due to sudden dysar-
thria and hand paralysis on the right side. There was asym-
metry in the upper limb blood pressures: 135/87 mmHg on
the left, unmeasurable on the right. He had sinus rhythm on
his electrocardiogram, a normal left ventricular function, and
no abnormal findings in the aortic or mitral valve on
transthoracic echocardiography (TTE). Magnetic resonance
imaging revealed acute cerebellar infarction, and contrast-
enhanced computed tomography (CT) showed right subclav-
ian artery occlusion and a low-density lesion on the thoracic
aorta with minimal atherosclerosis (Fig. 1). We were unable
to image the lesions detected by CT with TEE and TTE.

We considered the lesion on the thoracic aorta to be a
thrombus and started anticoagulant therapy (ACT) with in-
travenous unfractionated heparin. A laboratory examination
on thrombophilia prior to ACT demonstrated low proteins S
free antigen levels at <11% (normal range: 65-135%) and an
activity of 21% (normal range: 60-150%). Furthermore,
positive anti-cardiolipin antibody (IgG), a known antiphos-
pholipid antibody, was detected at 20.9 units/mL (normal
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Figure 1.

Imaging findings of a 50-year-old man with sudden dysarthria and right-hand paralysis
(Case 1). On admission, brain magnetic resonance imaging showed acute left cerebellar infarction on

diffusion-weighted imaging (A, arrow). Contrast-enhanced computed tomography revealed an

occluded right subclavian artery (B, arrow) and low-density lesion on the non-atherosclerotic aorta
(C, arrow). Two weeks after anticoagulant therapy, the aortic lesion had disappeared (D).

Table 1. Laboratory Data on Coagulation-fibrinolysis System.
Variables Reference  Case 1 Case 2

PT (%) 70-130 93 68
PT (INR) 0.9-1.3 1.03 1.21
APTT (s) 25-37 36 25
Platelet (x10%/mm?) 12.0-38.0 13.5 6.4
D-dimer (ug/mL) 0-1.0 0.6 10.1
Antithrombin IIT (mg/dL) 23-34 29.9 29.6
Antithrombin IIT (%) 80-130 105 104
Protein S free antigen (%) 65-135 <11 69
Protein S activity (%) 60-150 21 71
Protein C antigen (%) 62-131 125 42
Protein C activity (%) 64-135 N/A 48
Antiphospholipid antibody (unit/mL) <10.0 20.9 <8.0
Lupus anticoagulant (normalized ratio) <13 1.14 1.05

PT: prothrombin time, INR: international normalized ratio, APTT: activated partial

thromboplastin time

range: <10.0 units/mL), which was confirmed again 10
months later. Other coagulation parameters were within the
normal ranges (Table 1, Case 1). Duplex ultrasonography
showed no findings of deep venous thrombosis in the lower
limbs.

Two weeks after the initiation of ACT and following care-
ful observation, contrast-enhanced CT confirmed the disap-
pearance of the lesion in the aortic arch without any further
embolic events. The laterality of the blood pressure was no
longer noted. Eight months later, a follow-up imaging study
showed no further embolic findings, and he claimed no fur-

ther symptoms following oral ACT with warfarin.
Case 2

A 70-year-old man with gastric cancer (stage III) was un-
dergoing chemotherapy prior to cancer surgery. After one
course of chemotherapy with cisplatin, contrast-enhanced
CT performed for a response evaluation revealed a low-
density lesion on the thoracic aorta (Fig. 2A), which was
not seen prior to the chemotherapy. There were no findings
or symptoms that implied systemic embolism. Upon testing
for thrombophilia, it was observed that the patient had low
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Figure 2.

Imaging findings of a 70-year-old man with gastric cancer receiving cisplatin-based che-

motherapy (Case 2). A low-density lesion on the aorta that had not been detected on previous imaging

tests was noted on contrast-enhanced computed tomography after a course of chemotherapy (A,

arrow). The lesion disappeared two months after anticoagulant therapy (B).

Table 2. Reported Underlying Pathologies in Rela-
tion to Aortic Mural Thrombus.

Hypercoagulable factor Casel Case?2

Essential thrombocythemia

Protein C deficiency .
Protein S deficiency .
Antithrombin III deficiency
Antiphospholipid syndrome .
Heparin-induced thrombocytopenia
Hyperhomocysteinemia

Cancer

Chemotherapy

Iatrogenic (e.g., [ABP)

Aortic wall tumor

Blunt aortic trauma

Drug abuse

TABP: intra-aortic balloon pump

protein C antigen levels at 42% (normal range: 62-131%)
and an activity of 48% (normal range: 64-135%). Other co-
agulation parameters were within the normal ranges. (Ta-
ble 1, Case 2). With additional TEE, TTE, and duplex ultra-
sonography of the lower limbs, we were unable to confirm
the findings detected by CT in the thoracic aorta, abnormal
observations on the aortic valve, on the mitral valve, and in
the deep veins of the legs. We also considered the lesion to
be a thrombus and started ACT with intravenous unfraction-
ated heparin.

On follow-up CT two months later, we noted the disap-
pearance of the filling defect on the thoracic aorta without
any embolic clinical event (Fig. 2B). As the planned courses
of chemotherapy with cisplatin were discontinued, he under-
went gastric surgery. After successful surgery, we started
oral chemotherapy with tegafur/gimeracil/oteracil and de-
cided to discontinue the administration of warfarin due to
concerns of anticoagulant instability during the chemother-
apy. On follow-up after eight months without ACT, no re-
currence of the thrombus was found on imaging tests.

Discussion

Aortic plaque instability is an important etiology of sys-
temic embolism from non-cardiac sources and is usually
caused by thrombus or cholesterol crystals, both of which
arise from severe aortic atherosclerotic plaques (3, 4). There
is likely to be some overlap, but embolism by the former
etiology tends to occur in single small or medium arteries,
while the latter tends to cause damage to multiple tissues
and organs by the occlusion of small arteries.

AMT on a non-atherosclerotic wall, such as in our cases,
is relatively rare. In a report of 10,671 consecutive autop-
sies, AMT in a normal aorta was found in 48 cases (0.45%);
of them, 38 cases were found in the abdominal aorta, 1 in
the thoracic aorta, and 9 in both the abdominal and thoracic
aortas. Of the 48 cases, evidence of arterial embolism was
found in 8 (17%) (2). In another report of 27,855 examina-
tions of TEE for patients with recent arterial embolic events,
mobile aortic thrombi in the aortic arch without obvious dif-
fuse aortic atherosclerosis were detected in 23 cases
(0.08%). Their mean age was younger (45 years) than that
of patients with stroke from aortic atherosclerotic plaques or
debris (>70 years) (5). Thus, AMT and thromboembolism
are likely to form in relatively young patients. The former
study showed the diagnostic value of TEE; however, in our
cases, we were unable to acquire any images of the aortic
thrombus by TEE. It should be noted that examinations with
TEE are unable to provide useful evidence of the existence
of AMT. Furthermore, the plasma D-dimer level, a useful
marker for the diagnosis of venous thrombus, was not ele-
vated in Case 1, suggesting that the plasma D-dimer level
may provide little information on thrombus formation in the
aorta.

Several reports have stated that AMT is frequently associ-
ated with some hypercoagulable states, as shown in Ta-
ble 2 (5-9). In a systematic review of 200 AMT patients
from 98 articles, hypercoagulable disorders were detected in
49 patients (25%) (8). In another report of prospectively col-
lected data from a single center, routine work-up on hyper-
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coagulable states, including malignant diseases, in patients
with AMT showed a high prevalence of 60% (6). The same
report showed that malignant diseases were found less fre-
quently than hypercoagulable disorders. Vascular thrombus
and malignancy have been called “Trousseau’s syndrome”
and has been well-known for some time (10). Recently, it
has been reported that the risk of arterial thromboembolism
in patients with cancer is quite high (11). Furthermore, with
recent developments in chemotherapeutic agents for malig-
nant diseases, cancer treatment has been discussed in rela-
tion to the occurrence of thrombosis (12). There have been
several reports of AMT suspected to be related to chemo-
therapy, particularly in cisplatin-based chemotherapy, such
as in Case 2 of this report (13, 14). Regarding hypercoagu-
lable states in our AMT cases, we confirmed protein S defi-
ciency and positive anti-cardiolipin antibody in Case 1 and
protein C deficiency, cancer, and a history of cisplatin-based
chemotherapy in Case 2. Whether or not multiple throm-
botic predispositions are related to the acceleration of AMT
formation on a non-atherosclerotic aortic wall is unclear be-
cause we did not conduct specific tests to assess the coagu-
lation activity or platelet function and no reports have de-
scribed direct evidence of hypercoagulability in patients with
AMT. We must cautiously assess the comorbidities associ-
ated with prothrombotic conditions, as various hypercoagu-
lable states, including malignancy and chemotherapy, are
often found in patients with AMT.

ACT, surgical treatment, and endovascular treatment have
been reported as effective strategies in the treatment for
AMT; however, which strategy is the most appropriate re-
mains unclear. As a primary treatment, ACT for patients
without contraindications should be considered, as this ap-
proach has proven eliminating
thrombi (9, 15). Indeed, both patients in our report were
treated with ACT alone and showed favorable outcomes.
However, the appropriate duration of ACT is unclear. In
Case 1, as two persistent hypercoagulable disorders were
confirmed and the patient was able to tolerate ACT, we con-
tinued to treat him with anticoagulation therapy. In contrast,
in Case 2, as two of three hypercoagulable factors were re-
solved (cancer and cisplatin-based chemotherapy) and the
combination of oral chemotherapy and warfarin might have
resulted in harmful drug interactions, inducing anticoagulant
instability, we decided to discontinue ACT. As there is no
consensus on how long ACT should be administered, we
must consider the duration on a case-by-case basis.

Surgical treatment, including thrombectomy and segmen-
tal aortic resection, is a very invasive strategy but is sup-
ported by a systematic review, which showed fewer recur-
rent embolic events in the surgically treated group than in
the ACT group (8). In that study, the ACT group showed a
significantly higher persistence or recurrence rates and
higher major limb amputation rates than the surgical group.
In addition, 25% of patients initially treated with ACT even-
tually required subsequent aortic surgery because of the re-
currence of embolism or persistence of the thrombus. How-

effective in aortic

ever, as surgical procedures on the aorta are associated with
a high perioperative morbidity and mortality, ACT tends to
be favored as the primary treatment in many cases. In a re-
port, the authors recommend surgery for patients not re-
sponding to ACT (with thrombus resolution) after two
weeks of therapeutic anticoagulation (15). Recently, several
cases of AMT treated successfully with endovascular treat-
ment have been reported (16, 17). Although reports of treat-
ment with stent grafts for AMT have been limited, favorable
results may be reported in the future.

Conclusion

AMT is a rare but important embolic source. In cases of
mural thrombosis on a non-atherosclerotic aortic wall, we
should consider underlying hypercoagulable disorders and
concurrent malignancy and carefully select proper treatment
depending on each situation.
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