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ABSTRACT  

Background Atherosclerotic disease of the aortic arch has been suspected 
to be a potential source of cerebral emboli. We conducted a study to 
quantify the risk of ischemic stroke associated with atherosclerotic disease 
of the aortic arch.  

Methods Using transesophageal echocardiography, we performed a 
prospective case-control study of the frequency and thickness of 
atherosclerotic plaques in the ascending aorta and proximal arch in 250 
consecutive patients admitted to the hospital with ischemic stroke and 250 
consecutive controls, all over the age of 60 years.  

Results Atherosclerotic plaques  4 mm in thickness were found in 14.4 
percent of the patients but in only 2 percent of the controls. After 
adjustment for atherosclerotic risk factors, the odds ratio for ischemic stroke among patients with such 

plaques was 9.1 (95 percent confidence interval, 3.3 to 25.2; P<0.001). Among the 78 patients who had brain 
infarcts with no obvious cause, 28.2 percent had plaques  4 mm in thickness, as compared with 8.1 percent 
of the 172 patients who had infarcts whose possible or likely causes were known (odds ratio, 4.7; 95 percent 
confidence interval, 2.2 to 10.1; P<0.001). Plaques of  4 mm in the aortic arch were not associated with the 
presence of atrial fibrillation or stenosis of the extracranial internal carotid artery. In contrast, plaques that 
were 1 to 3.9 mm thick were frequently associated with carotid stenosis of  70 percent.  

Conclusions These results indicate a strong, independent association between atherosclerotic disease of the 
aortic arch and the risk of ischemic stroke. The association was particularly strong with thick plaques. 
Atherosclerotic disease of the aortic arch should be regarded as a risk factor for ischemic stroke and as a 
possible source of cerebral emboli.  

Until recently, atherosclerotic disease of the aortic arch was not regarded as a source of cerebral emboli1. We have 
reported on the basis of autopsy studies that the presence of ulcerated plaques in the aorta is an independent risk factor 
for ischemic stroke, particularly in patients with strokes of unknown cause, and that ulcerated plaques are predominantly 
found in patients who are 60 years of age or older2. The advent of transesophageal echocardiography has made it 
possible to detect protruding atherosclerotic plaques in the aortic arch and descending aorta3,4. Although a causal link 
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between pedunculated and highly mobile plaques and cerebral emboli seems likely,5 only retrospective studies of this 
association have been reported6,7. One of these studies found a threefold increase in the risk of embolic disease in 

patients with protruding plaques7. However, since these series included selected patients referred for echocardiography 
to detect the sources of the emboli, they may have been biased. In particular, atherosclerotic disease of the thoracic aorta
may simply be a marker for general atherosclerotic disease8 and for the actual cause of the stroke9. The aims of our 
study were to determine with transesophageal echocardiography the frequency of plaques in the aortic arch in 
consecutively admitted patients with brain infarcts, as compared with the frequency in controls, and to evaluate the 
clinical importance of these plaques as possible sources of cerebral emboli. 

Methods  

This was a prospective case-control study of consecutively admitted patients with ischemic stroke and consecutively 
admitted controls.  

Patients and Controls  

All patients over the age of 60 years with brain infarcts who were hospitalized between September 1991 and October 
1993 were enrolled in the study. The following risk factors were noted: hypertension, hypercholesterolemia, cigarette 
smoking, diabetes mellitus, a high body-mass index, a previous myocardial infarction, peripheral vascular disease, and 
known atrial fibrillation or atrial fibrillation recorded within eight days after the detection of the brain infarct. The 
patients underwent a diagnostic workup that included cranial computed tomographic (CT) imaging or magnetic 

resonance imaging (MRI) of the brain (or both), ultrasound examination of the internal carotid and vertebral arteries 
(according to a standard protocol), transcranial Doppler examination, 12-lead electrocardiographic studies, and 
transesophageal echocardiographic studies, including an assessment of the thoracic aorta within 15 days after the onset 
of the stroke.  

After these studies had been performed, the patients were divided into four groups according to the presence of other 
potentially causal lesions. These assignments were made without knowledge of the transesophageal echocardiographic 
assessment of the aorta. The first group included patients with brain infarcts likely to have been caused by  70 percent 
stenosis of the ipsilateral internal carotid artery or a definite cardiac source of embolism (acute anterior myocardial 
infarction, atrial fibrillation with left atrial thrombus or spontaneous echo contrast, mural thrombus in left-heart cavities, 
mitral stenosis, a prosthetic heart valve, or endocarditis). The second group included patients with infarcts that may have 
been caused by 31 to 69 percent stenosis of the ipsilateral carotid artery, isolated atrial fibrillation, or atrial fibrillation 
occurring after the brain infarction. Patients in the third group were presumed to have lacunar infarcts due to 
lipohyalinosis of small deep intracranial arteries, with one of the four major lacunar syndromes (pure motor hemiplegia, 
pure sensory loss, hemiparesis and ataxia, or sensori-motor impairment) and with infarcts that were small (<15 mm) and 
deep or not demonstrable with two CT or MRI scans, in the absence of a cardiac or carotid source of embolism. Patients 
in the fourth group had no detectable lesions or they had lesions that have not been shown to increase the risk of brain 
infarction in subjects over the age of 60 years, such as ipsilateral carotid stenosis of  30 percent, patent foramen ovale, 
atrial septal aneurysm, or mitral-valve prolapse.  

A total of 263 patients were enrolled in the study. Patients with impaired consciousness for more than 15 days were 
excluded, as well as patients with respiratory failure and those in whom introduction of the echocardiographic probe 
was technically impossible. After these exclusions, there were 250 patients in the study group.  

The control group consisted of 250 consecutively enrolled patients over 60 years of age with no history of ischemic 
stroke who underwent transesophageal echocardiography for assessment of cardiac conditions such as mitral or aortic 
valvulopathy, possible impairment of a prosthetic valve, myocardial infarction, atrial fibrillation, or suspected 
endocarditis. Patients with aortic diseases, such as dissection or a saccular aneurysm, were excluded. Risk factors were 
noted at the time of examination.  

Transesophageal Echocardiographic Assessment of the Aorta
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Patients and controls underwent transesophageal echocardiography performed by trained cardiologists who were given 
information about the cause of brain infarction. The examinations were recorded on videotape. Transesophageal 
echocardiography was performed within two weeks after the onset of the stroke, according to standard techniques8. We 
used commercially available imaging systems with a 5-MHz single-plane probe (in the first 346 patients), biplane probe 
(in the next 97 patients), or multiplane probe (in the last 57 patients). After examination of the cardiac structures, the 
transducer was gradually withdrawn to a point above the level of the aortic valve to obtain serial short-axis views of the 
ascending aorta (with a single-plane probe). With a counterclockwise rotation of the entire probe in the transverse plane, 
a short-axis image of the descending aorta was then obtained (40 to 45 cm from the incisors). The probe was 
progressively pulled back to the curve of the distal arch (18 to 20 cm from the incisors). This portion was important to 
visualize in order to differentiate the distal and proximal segments of the aortic arch. The probe was then rotated 
clockwise to study the proximal arch and, in some patients, the distal part of the ascending aorta.  

Videotapes of the transesophageal examinations of all 500 subjects were reviewed by one of us (a senior 
echocardiographer) randomly and without knowledge of the status of the patient (case or control) or the classification of 
the cause of the stroke. In addition, the videotaped examinations of 100 randomly selected patients and controls were 
reviewed by two of us (also senior echocardiographers) according to the same protocol.  

We measured the thickness of the intimal and medial layers of the far wall during systole on a freeze frame, as 
previously described10,11,12. Wall thickness was measured in the descending aorta, distal arch, proximal arch, and 
ascending aorta, with the largest measured at all levels (Figure 1 and Figure 2). Since the ascending part of the aorta and 
the proximal arch are both more likely to be sources of cerebral emboli than the other regions, we decided to pool the 
studies of lesions located in these two parts of the thoracic aorta.  

  

  
Statistical Analysis  

 
View larger version (157K): 

[in this window] 
[in a new window] 

  

Figure 1. Transesophageal Echocardiogram of the Aortic Arch 
Obtained with a Single-Plane Probe (Transverse View). 

The plaque thickness, measured perpendicularly to the far wall, is 
calculated as the distance between the medial-adventitial border and the 
internal side of the lesion. The thickest portion is 5.9 mm (large arrow) 
and is located in the distal part of the aortic arch. The second lesion 
(arrowhead), which is more echogenic, is located in the proximal arch 
and is 4.5 mm thick. The two small arrows indicate an extensive plaque 
in the proximal arch and the upper part of the ascending aorta.  
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Figure 2. Transesophageal Echocardiogram of the Aortic Arch 
Obtained with a Biplane Probe (Transverse View). 

A highly mobile component suggesting a thrombus (small arrows) is 
superimposed on a complex and extensive atherosclerotic plaque (large 
arrow). This free-floating thrombus is localized in the proximal arch.  
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We used two-tailed t-tests for comparisons of means and chi-square tests for comparisons of proportions. First, we 
performed a classic case-control analysis. We compared the patients with brain infarcts (case patients) and the controls 
with respect to various vascular risk factors and the presence of aortic plaques in the ascending aorta and proximal arch. 
Then we compared the frequency of high-grade plaques (those most likely to cause infarction) with the frequency of 
atrial fibrillation and carotid stenosis in the case patients. Finally, we compared the frequency of plaques in the patients 
who had ischemic strokes with known causes with the frequency in the patients who had infarcts with undetermined 
causes. Odds ratios were calculated by stepwise unconditional multiple logistic regression, with adjustments for age, 
sex, hypertension, cigarette smoking, cholesterol levels, diabetes, previous myocardial infarction, and atrial fibrillation. 

We used the kappa test to determine the degree of interobserver agreement on the assessment of plaques in the thoracic 
aorta. The data were analyzed with SAS software13.  

Results  

The case patients were older and had higher frequencies of hypertension, hypercholesterolemia, cigarette smoking, and 
diabetes than the controls (Table 1). The frequencies of atrial fibrillation and peripheral vascular disease did not differ 
significantly between the two groups. The frequency of diseases of the coronary arteries or valves was higher in the 
control group than in the infarct group. Table 2 shows the frequency of plaques in the ascending aorta and proximal arch 
in patients and controls, according to the thickness of the plaque. We calculated the risk of cerebral infarction for each 
category of plaque thickness relative to the risk with a reference thickness of <1 mm, which was assigned an odds ratio 
of 1 (Table 2). Since a univariate analysis showed an abrupt increase in the odds ratio for stroke when plaques were 4 
mm or thicker (crude odds ratio,  4.2 for plaques <4 mm and 13.8 for those  4 mm), we performed an additional 
analysis with this cutoff point.  

  

  
Plaques with a Thickness of 1 to 3.9 mm  

Patients with aortic plaques that were 1 to 3.9 mm thick differed from those with plaques under 1 mm thick only with 
respect to the frequency of hypercholesterolemia, which was higher in those with thicker plaques. We found plaques 1 
to 3.9 mm thick in the ascending aorta or proximal arch in 46 percent of the patients with brain infarcts and in 22 
percent of the controls. The crude odds ratio was 3.9 (Table 3), and the adjusted odds ratio was 4.4 (P<0.001).  

  
Among the case patients, plaques that were 1 to 3.9 mm thick were associated with the presence of carotid stenosis 
(Table 4). Such plaques were detected in 40 percent of the patients with no carotid stenosis, in 49 percent of those with 
<70 percent carotid stenosis, and in 61 percent of those with  70 percent carotid stenosis (P = 0.03).  

  
Plaques with a Thickness of 4 mm or More  
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Table 1. Base-Line Characteristics of Case Patients and Controls. 
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Table 2. Risk of Cerebral Infarction According to the Thickness of Atherosclerotic Plaques in the 
Ascending Aorta or Proximal Arch. 
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Table 3. Risk of Cerebral Infarction According to the Thickness of Plaques in the Thoracic Aorta. 
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Table 4. Relation between Thickness of Plaques in the Ascending Aorta or Proximal Arch and the 
Extent of Carotid Stenosis in the 250 Patients with Brain Infarcts. 
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Plaques  4 mm thick were found in the proximal part of the aorta in 41 subjects: in the ascending aorta in 2, in the 
proximal arch in 38, and in both in 1. As compared with the patients whose plaques were less thick, these patients had a 
higher frequency of hypercholesterolemia and cigarette smoking and a lower frequency of atrial fibrillation. The mean 
thickness of protruding lesions was 5.8 mm, with a range of 4 to 13.2 mm. Plaques  4 mm in thickness were found in 
the distal arch in 64 patients and in the descending aorta in 113. The kappa index for interobserver agreement on the 
presence of plaques  4 mm thick ranged from 0.85 for those in the distal arch to 0.95 for those in the ascending aorta 

and proximal arch.  

We found plaques of  4 mm in the ascending aorta or proximal arch in 14.4 percent of the patients with brain infarcts 
and in 2 percent of the controls (P<0.001) (Table 2). After adjustment for atherosclerotic risk factors, the odds ratio for 
stroke was 9.1 (Table 2). Plaques of  4 mm were found in the distal arch or the descending aorta more frequently in 
patients than in controls, but for plaques in the descending aorta, the difference was not statistically significant (Table 
3).  

Among the case patients, plaques of  4 mm in the ascending aorta or proximal arch were detected equally frequently in 
patients with  70 percent stenosis of the internal carotid artery (15 percent of 33 patients) and in patients with <70 
percent carotid stenosis (15 percent of 93 patients) or no stenosis (14 percent of 124 patients; P = 0.9) (Table 4). Aortic 
plaques were detected less frequently in the patients with atrial fibrillation (7.9 percent of 76 patients) than in those 
without atrial fibrillation (17.3 percent of 174 patients).  

Among the case patients, plaques of  4 mm in the ascending aorta or proximal arch were found in 5.5 percent of the 
patients with another likely cause of ischemic stroke, in 9 percent of those with lacunar infarcts, in 11.5 percent of those 
with another possible cause of stroke, and in 28 percent of those with no other detectable lesions (P<0.001) (Table 5). 
After adjustment for the covariates, the risk associated with a plaque of  4 mm was 4.7 (95 percent confidence interval, 
2.2 to 10.1) for patients who had no other detectable lesions as possible causes of stroke, as compared with those who 
had other likely or possible causes or lacunar infarcts.  

  
Among the patients with ischemic strokes and plaques of  4 mm in the ascending aorta or proximal arch, the brain 
infarcts involved the right hemisphere (in 15 patients) almost as frequently as the left (in 14); in 7 patients the infarcts 
were in the posterior circulation. Infarcts were more frequently cortical (in 25 patients) than deep (in 11). A mobile 
component was present in the aortic plaques in 6 of the 78 patients with no detectable lesions and in 1 (presumably with 
a lacunar infarct) of the other 172 patients (P<0.001).  

Discussion  

Atherosclerotic disease of the aortic arch has been considered as a possible but rare cause of embolic events in patients 
undergoing cardiac surgery, catheterization procedures, or anticoagulant 

therapy1,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34. In a previous autopsy study, we found that 
ulcerated plaques in the aortic arch may have played a part in causing brain infarction, especially in patients with 
cerebral infarction of no known cause2. The presence of superimposed thrombi could not be assessed in the autopsy 
study2. It was important to confirm these results in live patients, and several studies have shown that transesophageal 

echocardiography is a reliable method of visualizing the aortic arch, protruding plaques, and thrombi3,5,35,36.  

Our results indicate that the presence of atherosclerotic plaques in the ascending aorta or proximal arch as detected by 
transesophageal echocardiography is a risk factor for ischemic stroke. The risk appeared to be particularly high for 
patients with plaques  4 mm in thickness and for the subgroup of patients who had no other detectable cause of 
ischemic stroke. However, several methodologic issues should be considered. Since the controls were not referred for 
assessment of embolic disease, they may have had a lower frequency of plaques in the arch, thus leading to an 
overestimation of the risk among the case patients. However, the case and control groups were remarkably similar with 
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Table 5. Frequency of Plaques of greater than or equal to 4 mm in the Ascending Aorta or 
Proximal Arch in the 250 Patients with Ischemic Stroke, According to the Cause of the Stroke. 
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respect to the presence of peripheral vascular disease and atrial fibrillation, and the control group had a much higher 
frequency of coronary artery disease. Since there is a strong link between atherosclerotic disease of the thoracic aorta 
and diseases of both the coronary and peripheral arteries,8,37 the high frequency of coronary artery disease in our 
control group may have accounted for the frequency of atherosclerotic plaques in the arch in this group.  

Because of the interposition of the left bronchus, there is a blind region at the upper part of the ascending aorta, 
regardless of the type of echocardiographic probe used. We may have missed some lesions in this region, but since both 
patients and controls underwent the same type of examination, it is likely that the underestimation was similar in the two 
groups. For lesions located in the proximal as well as the distal part of the arch, there was a very high degree of 
agreement in the detection of plaques  4 mm thick (kappa index, 0.95). This distinction between the distal and 
proximal locations is important, because lesions were located more frequently in the distal part of the arch (distal to the 
ostium of the left subclavian artery) than in the proximal part of the arch, and the lesions in the distal part of the arch 
were less likely to give rise to cerebral emboli.  

Although we found that plaques in the ascending aorta and proximal arch were associated with an increased risk of 
stroke, this finding does not establish a causal link. Indeed, plaques that were 1 to 3.9 mm thick were frequently 
associated with carotid stenosis, which may have been the actual source of the brain emboli. However, with plaques of 
4 mm, a causal link is quite likely for several reasons. First, one of the striking findings of the present study is that the 
risk of stroke increased sharply from less than 5 to more than 13 when the thickness of the plaques was  4 mm (Table 
2). This large increase in risk was observed only for lesions of  4 mm in the ascending aorta or proximal arch, not for 
those in the distal arch or descending aorta. Second, the high increase in the risk of ischemic stroke associated with 
plaques of  4 mm in the proximal arch was independent of the presence of the two major risk factors for stroke in the 

elderly: carotid stenosis and atrial fibrillation. We found that the frequency of plaques of  4 mm in the proximal arch 

did not differ according to the degree of carotid stenosis and that the frequency of such plaques was lower in patients 
with atrial fibrillation than in those without fibrillation. Third, plaques of  4 mm in the proximal arch were also 
associated with an abrupt increase in the risk of stroke among patients who had ischemic strokes with no other apparent 
cause. Furthermore, the presence of a mobile component of the plaque was associated with a risk ratio of 14 among 
patients with ischemic strokes of unknown cause. This clear-cut difference in the risk of stroke between patients with 
plaques <4 mm thick and those with plaques  4 mm thick may be related to the composition of the larger lesions in the 
aortic arch. Lesions  4 mm thick may contain thrombotic material superimposed on the plaques, as shown during 

surgery38. The presence of a thrombus may also explain the more frequent mobile component.  

The substantial increase in the risk of ischemic stroke in association with plaques  4 mm in thickness in the aortic arch 
suggests that such lesions should be investigated as a risk factor for ischemic stroke, particularly in the case of a stroke 
with no other likely or possible cause. Appropriate treatment of these lesions remains uncertain. Thrombolysis and 
surgical removal have occasionally been reported to be successful in patients with pedunculated and mobile thrombi in 
the aortic arch38,39. However, prospective studies are needed to determine the natural history of these plaques and to 
evaluate the efficacy of various treatment regimens.  
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Figure 1. Transesophageal Echocardiogram of the Aortic Arch Obtained with a Single-Plane Probe (Transverse View).  

The plaque thickness, measured perpendicularly to the far wall, is calculated as the distance between the medial-adventitial border and the 
internal side of the lesion. The thickest portion is 5.9 mm (large arrow) and is located in the distal part of the aortic arch. The second lesion 
(arrowhead), which is more echogenic, is located in the proximal arch and is 4.5 mm thick. The two small arrows indicate an extensive 
plaque in the proximal arch and the upper part of the ascending aorta.  
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Figure 2. Transesophageal Echocardiogram of the Aortic Arch Obtained with a Biplane Probe (Transverse View).  

A highly mobile component suggesting a thrombus (small arrows) is superimposed on a complex and extensive atherosclerotic plaque (large arrow). 
This free-floating thrombus is localized in the proximal arch.  
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Table 1. Base-Line Characteristics of Case Patients and Controls.  
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Table 2. Risk of Cerebral Infarction According to the Thickness of Atherosclerotic Plaques in the Ascending Aorta or Proximal Arch. 
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Table 3. Risk of Cerebral Infarction According to the Thickness of Plaques in the Thoracic Aorta.  
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Table 4. Relation between Thickness of Plaques in the Ascending Aorta or Proximal Arch and the Extent of Carotid Stenosis in the 
250 Patients with Brain Infarcts.  
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Table 5. Frequency of Plaques of greater than or equal to 4 mm in the Ascending Aorta or Proximal Arch in the 250 Patients with 
Ischemic Stroke, According to the Cause of the Stroke.  
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