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Abstract
Objective—To compare the value of
current transthoracic echocardiographic
systems and transoesophageal echo-
cardiography for assessing left atrial
appendage function and imaging thrombi.
Design—Single blind prospective study.
Patients were first investigated by trans-
thoracic echocardiography and thereafter
by a second investigator using trans-
oesophageal echocardiography. The feasi-
bility of imaging the left atrial appendage,
recording its velocities, and identifying
thrombi within the appendage were deter-
mined by both methods.
Patients—117 consecutive patients with a
stroke or transient neurological deficit.
Setting—Tertiary cardiac and neurologi-
cal care centre.
Results—Imaging of the complete ap-
pendage was feasible in 75% of the patients
by transthoracic echocardiography and in
95% by transoesophageal echocardio-
graphy. Both methods were concordant
for the detection of thrombi in 10 cases.
Transoesophageal echocardiography re-
vealed two additional thrombi. In one of
these patients, transthoracic echocardio-
graphy was not feasible and in the other
the thrombus had been missed by trans-
thoracic examination. In patients with
adequate transthoracic echogenicity, the
specificity and sensitivity of detecting left
atrial appendage thrombi were 100% and
91%, respectively. Recording of left atrial
appendage velocities by transthoracic
echocardiography was feasible in 69% of
cases. None of the patients with a velocity
> 0.3 m/s had left atrial appendage
thrombi. In the one patient in whom
transthoracic echocardiographic evalua-
tion missed a left atrial appendage throm-
bus, the peak emptying velocity of the left
atrial appendage was 0.25 m/s.
Conclusions—A new generation echocar-
diographic system allows for the transtho-
racic detection of left atrial appendage
thrombi and accurate determination of
left atrial appendage function in most
patients with a neurological deficit.
(Heart 1999;81:192–198)
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In patients with stroke of embolic origin it is
important to search for a cardiogenic source of
thromboembolism. A common location of
cardiac thrombi is the left atrial appendage.
Previous studies have shown that trans-
oesophageal echocardiography has a much
higher sensitivity for detecting left atrial
appendage thrombi than transthoracic
echocardiography.1 2 Transoesophageal echo-
cardiography is claimed to be superior to
transthoracic echocardiography because the
transducer may be placed within the oesoph-
agus close to the left atrium, thereby allowing
an unrestricted view of the left atrial append-
age, and transoesophageal transducers have a
higher resolution than transthoracic
transducers.3 As a consequence transoesopha-
geal echocardiography is often performed in
patients with embolic stroke to exclude left
atrial appendage thrombi. However, trans-
oesphageal echocardiography is uncomfortable
for the patient and carries its own risks.4

New generation echocardiographic systems
may allow higher transthoracic resolution and
may have a better Doppler sensitivity. The pri-
mary objective of this study was to compare the
value of current transthoracic echocardio-
graphic systems with transoesophageal echo-
cardiography for assessing left atrial appendage
function and imaging thrombi. A secondary
end point was to analyse the relation between
the incidence of thrombi in the left atrial
appendage and combined clinical and echocar-
diographic risk factors for thrombus formation.

Methods
PATIENTS

The study was conducted as a single blind pro-
spective study at a tertiary cardiac and
neurological referral centre. It included adult
patients with a suspicion of embolic stroke or a
transient neurological deficit (< 24 hours).
Written informed consent was obtained from
all patients and the study was approved by the
Institutional Review Board of the University of
Bonn. The presence of clinical risk factors for
thrombi formation was assessed. These risk
factors included atrial fibrillation and the pres-
ence of mitral stenosis or a mitral prosthesis.

ECHOCARDIOGRAPHIC STUDIES

Patients were first investigated by transthoracic
echocardiography and then examined by a dif-
ferent, blinded investigator using trans-
oesophageal echocardiography. All studies
were conducted with commercially available
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equipment (System V; Vingmed Sound, Hor-
ton, Norway). To allow oZine quantitative
assessment of the echocardiographic data,
examinations were either recorded on video-
tape or selected cineloops and velocity spectra
were digitally transferred to a computer for
subsequent analysis.

For transthoracic echocardiography, we used
a phased array 3.3 MHz transducer with 128
elements. All patients were examined in the left
lateral decubitus position. A single lead electro-
cardiogram was simultaneously recorded. The
left atrium was imaged in the standard,
parasternal short and long axis, and apical
transducer positions. The left atrial appendage
was imaged as described by Herzog et al.5 First,
we obtained the standard parasternal short axis
view at the aortic level; then the plane of the
transducer beam was angulated superiorly and
laterally until the left atrial appendage was
shown (fig 1). To obtain multiple views of the
left atrial appendage, we changed the position

of the transducer to a higher or a lower
intercostal space. The imaging plane and gain
settings were adjusted to achieve optimum
visualisation of the left atrial appendage and
the left atrium. The sample volume of the
pulsed Doppler was placed 1 cm into the
orifice of the left atrial appendage and the pro-
file of the velocities was recorded (fig 2). We
took care to minimise the angle between the
Doppler beam and appendage flow. If the angle
between the Doppler beam and the flow was
> 30° an angle correction was performed. This
was the case in 64 of 81 patients. Cineloops of
the left atrium and the left atrial appendage
were stored.

Transoesophageal echocardiography was
performed with a 5 MHz multiplane trans-
ducer. We used topical lignocaine spray and
viscous lignocaine solution to anaesthetise the
oropharynx before the transoesophageal study.
The left atrial appendage was imaged as previ-
ously described6: the probe was advanced to

Figure 1 Transthoracic imaging of the left atrial appendage. (A) Standard short axis view of the mitral valve. In this position the left atrial appendage
may be partially visualised as indicated by the asterisk. (B) The plane of the beam was then angulated superiorly, so that the aortic valve and the complete
body of the left atrial appendage may be seen. (C) The left atrial appendage as seen with the transducer beam angulated laterally towards the pulmonary
valve. AV, aortic valve; LA, left atrium; MV, mitral valve; PV, pulmonary valve; *left atrial appendage.

Figure 2 Imaging of the left atrial appendage and recording of the flow velocity profile by transoesophageal (TEE) and
transthoracic echocardiography (TTE). LAA, left atrial appendage.

Echocardiographic detection of left atrial appendage thrombus 193

http://heart.bmj.com


the mid-oesophagus, posterior to the left
atrium; to allow comparison of transthoracic
and transoesophageal echocardiographic
measurements, the plane of the multiplane
probe was adjusted to achieve a short axis view
of the aortic valve (45°); to obtain an optimal
view of the left atrial appendage, the shaft of the
scope was rotated anticlockwise. Multiple
views of the left atrial appendage were
obtained. Selected cineloops of the left atrium
and appendage and velocity spectra of the left
atrial appendage were stored for oZine analy-
sis.

ECHOCARDIOGRAPHIC DATA ANALYSIS

Echocardiographic evaluations were per-
formed by two additional independent investi-
gators following the original examination. One
investigator evaluated the transthoracic, the
other the transoesophageal studies. The data
were analysed using the evaluation software
provided by the manufacturer (Echopac;
Vingmed Sound). The feasibility of imaging
the left atrial appendage itself, thrombi within
the appendage, and spontaneous echo contrast
in the left atrium was assessed by both
methods. Inadequate transthoracic echogenic-
ity was defined by the following criteria:
+ If the transthoracic window did not allow

imaging of the left atrial appendage
+ If the image of the left atrial appendage was

blurred by artefacts
+ If the borders of the left atrial appendage

could not be separated from the surround-
ing structures.
A left atrial thrombus was diagnosed by the

presence of an echodense mass in the left atrial
chamber or appendage with a well defined bor-
der to the endocardium. The maximum and
minimum area of the left atrial appendage and
the peak emptying velocities of the left atrial
appendage were measured. Left atrial append-
age area was measured by tracing a line starting
from the top of the limbus of the left upper
pulmonary vein along the appendage’s endo-
cardial border. Maximum appendage area was
determined during five cardiac cycles and
averaged. Peak emptying wavelets were
measured during seven consecutive cycles
each, and maximum velocities then averaged.
We categorised the degree of spontaneous echo
contrast on both sides as previously reported,
using five grades.7 Transthoracic echocardio-
graphic risk factors for thrombus formation in
the left atrial chamber or appendage were
defined as an enlarged left atrial diameter (> 4
cm) and low peak emptying velocities of the left
atrial appendage. A cut oV value of 0.3 m/s was
defined to identify patients with an increased
risk of left atrial appendage thrombus
formation.8 9

STATISTICAL ANALYSIS

Descriptive data are presented as the mean
(SD). Continuous variables between groups
were compared by Student’s t test. Nominal
data were compared by the ÷2 test. A p value
0.05 was considered statistically significant. We
assessed the degree of agreement between
transthoracic and transoesophageal measure-

ments and the interobserver variability for
transthoracic measurement of peak emptying
velocities of the left atrial appendage as
previously described.10

Results
PATIENTS

We enrolled 117 patients (69 male, 48 female;
age 54 (14) years) prospectively into the study.
Sixty eight patients had suVered a stroke and
49 patients had experienced a transient neuro-
logical deficit. Atrial fibrillation was found in
52 patients. Two patients had atrial flutter. The
remaining 63 patients were in sinus rhythm.
Forty six patients had a history of arterial
hypertension, 24 had a known history of
coronary heart disease, five had idiopathic
dilated cardiomyopathy, and three had mitral
stenosis. Seven patients had premature ven-
tricular beats and one had an episode of atrial
flutter during transoesophageal examination.

FEASIBILITY OF IMAGING THE LEFT ATRIAL

APPENDAGE, LEFT ATRIAL THROMBI, AND

SPONTANEOUS ECHO CONTRAST

Transoesophageal echocardiography was feasi-
ble in 116 of 117 patients (99%). In one patient
the transoesophageal probe could not be
inserted. The left atrial appendage was com-
pletely visualised in 111 of those patients
(overall feasibility of imaging the left atrial
appendage 95%). Transthoracic echocardio-
graphic allowed complete visualisation of the
left atrial appendage in 88 of 117 patients
(75%).

Transthoracic echocardiography detected 10
thrombi in the left atrial appendage (fig 3A and
3B). One of these patients had a thrombus
within the left atrial appendage which extended
to the posterior left atrial wall. Seven patients
had mobile thrombi, while in the remaining
patients they were immobile. All thrombi
measured more than 10 mm in length. The
average length and width of all thrombi, as
measured by transthoracic echocardiography,
was 26 (9) mm and 14 (7) mm, respectively.
Transoesophageal echocardiography con-
firmed the presence of thrombi and agreed
with transthoracic echocardiography in decid-
ing whether thrombi were mobile or immobile
in all cases. In two additional patients, thrombi
were found in the left atrial appendage during
transoesophageal examination. In one of those
patients transthoracic echocardiography did
not allow complete visualisation of the left
atrial appendage owing to inadequate echo-
genicity, and in the other the thrombus had
been missed by transthoracic examination. In
the latter case the thrombus was only 4 mm
long and was located in the tip of the append-
age. Transoesophageal measurement of the 10
thrombi that were found by transthoracic
echocardiography revealed a greater length (28
(7) mm; p = 0.03; 95% confidence interval
(CI) −4.4 to −0.2 mm) and width of the
thrombi (17 (6) mm; p = 0.003; 95% CI −4.0
to −1.2 mm). If patients with inadequate
transthoracic echogenicity are excluded, the
specificity and sensitivity of transthoracic
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echocardiography for detecting left atrial ap-
pendage thrombi were 100% and 91%, respec-
tively.

Spontaneous echo contrast was found in 55
cases by transoesophageal echocardiography.
Sixteen patients had grade 1+, 15 had grade
2+, 10 had grade 3+, and 14 had grade 4+. In
contrast, transthoracic echocardiography de-
tected spontaneous echo contrast in the left
atrium only in four cases. All of those patients
had spontaneous echo contrast grade 4+, as
classified by transoesophageal echocardio-
graphy.

LEFT ATRIAL APPENDAGE SIZE AND PEAK

EMPTYING VELOCITIES

Transthoracic and transoesophageal echocar-
diographic measurement of the maximum left
atrial appendage area did not vary significantly
(3.9 (1.4) cm2 v 3.7 (1.4) cm2). In contrast to
the measurement of the maximum left atrial
appendage area, measurement of the minimum
area was feasible in only 100 of 117 patients by
means of transoesophageal echocardiography,
because contraction of the left atrial appendage
caused movement of the appendage outside of
the imaging plane. The average minimum left
atrial appendage area, as measured by trans-
oesophageal echocardiography, was 2.2 (1.7)
cm2. Transthoracic echocardiography allowed
imaging of the minimum left atrial appendage
area in 63 cases (54%). Transthoracic
measurement of minimal left atrial appendage
area was 2.3 (2.0) cm2.

Measurement of peak emptying velocities
was feasible in 97% of all patients undergoing
transoesophageal echocardiography (n = 114;
0.49 (0.22) m/s), whereas this variable was only
measurable in 69% by transthoracic echo-
cardiography (n = 81; 0.50 (0.24) m/s). Figure

4 shows the correlation of both types of
measurement. In patients with thrombi, re-
cording of peak emptying velocities of the left
atrial appendage by transthoracic echocardio-
graphy was only feasible in three of 10 cases.
The individual values of these three patients
were 0.21 m/s, 0.25 m/s, and 0.28 m/s. In con-
trast, measurement of peak emptying velocities
of the left atrial appendage by transoesophageal
echocardiography was feasible in eight of 12
patients with thrombi. The average peak emp-
tying velocity of the left atrial appendage was
0.17 (0.06) m/s in these eight patients.
Interobserver variability for the transthoracic
measurement of peak emptying velocities of the
left atrial appendage was low (fig 5).

RELATION BETWEEN LEFT ATRIAL CHAMBER AND

APPENDAGE SIZE AND TRANSTHORACIC

VISUALISATION OF LEFT ATRIAL APPENDAGE

THROMBI

Left atrial diameter (5.7 (0.7) cm v 4.1 (0.7)
cm; p < 0.0001; 95% CI −2.1 to −1.2 cm) and
maximum left atrial appendage area (6.0 (1.6)

Figure 3 Original images and schematic drawings of a left atrial appendage thrombus as imaged by transthoracic (A)
and transoesophageal (B) echocardiography. Ao, aorta; LA, left atrium; P, pulmonary artery; Th, thrombus.

Figure 4 Comparison of transthoracic (TTE) and
transoesophageal echocardiography (TEE) for measuring
peak emptying velocities of the left atrial appendage
(LAAv).
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cm2 v 3.6 (1.2) cm2; p < 0.0001; 95% CI −3.4
to −1.4 cm2) were significantly larger in
patients with thrombi in the appendage,
compared with patients without thrombi

RELATION OF THE INCIDENCE OF THROMBI IN

THE LEFT ATRIAL APPENDAGE TO COMBINED

CLINICAL AND ECHOCARDIOGRAPHIC RISK

FACTORS FOR THROMBUS FORMATION

Transthoracic echocardiography revealed left
atrial appendage thrombi in 10 of 88 patients
with adequate transthoracic visualisation of the
left atrial appendage. These 10 patients had at
least one clinical risk factor for thrombus
formation or an enlarged left atrium. Of the
remaining 78 patients, only 32 had neither a
clinical risk factor nor an enlarged left atrium.
In those patients thrombi were not detected by
transoesophageal echocardiography. Among
the other 46 patients—who had either a clinical
risk factor or an enlarged left atrium—peak
emptying velocities of the left atrial appendage
were > 0.3 m/s in 30 patient and < 0.3 m/s in
16 patients. One patient in the latter group had
a thrombus which was detected only by
transoesophageal echocardiography. In con-
trast, none of the 30 patients with a high veloc-
ity profile of the left atrial appendage showed a
thrombus, despite the presence of a clinical risk
factor or an enlarged left atrium.

Discussion
The primary finding of the present study is that
a new generation echocardiographic system
allows the transthoracic assessment of left atrial
appendage function and detection of left atrial
appendage thrombi in 75% of patients with
embolic stroke.

IMAGING OF THE LEFT ATRIAL APPENDAGE

The left atrial appendage is a common site for
atrial thrombi and may be the cause of cardio-
genic thromboembolism.11 Thus in patients
with a stroke and a suspicion of embolic origin,
it is important to rule out the presence of left
atrial appendage thrombi. The results of our
study show that the left atrial appendage may
be visualised in a large number of patients
using of a modern transthoracic echocardio-
graphic system, and that measurements of left
atrial appendage areas are comparable with
transthoracic and transoesphageal echocardio-

graphy. Furthermore, transthoracic echo-
cardiography has a sensitivity of 83% and a
specificity of 100% for detecting left atrial
appendage thrombi. In our study only two of
12 thrombi were not shown by transthoracic
echocardiography. In one of these cases, trans-
thoracic echogenicity was not suYcient to
visualise the left atrial appendage, while in the
other the thrombus was not detected. In the
latter case the thrombus was located in the tip
of the left atrial appendage and was only 4 mm
long. The failure to image this small thrombus
is in accord with previous reports, which
showed that thrombi smaller than 10 mm may
not be detected by transthoracic
echocardiography.12 13 Except for one patient,
all patients in our study group had left atrial
appendage thrombi with a length of > 10 mm,
the average length and width being 26 × 14
mm. Thus the high sensitivity for detecting
thrombi in our study may partly have been the
result of the large size of the thrombi.

There are various potential explanations for
the high sensitivity and specificity for imaging
left atrial appendage thrombi by transthoracic
echocardiography in our study. We used a
modern digital echocardiographic system with
a high dynamic range. Furthermore, a trans-
ducer frequency of 3.3 MHz was used, while
early studies used frequencies of only 2.25
MHz and 2.4 MHz, respectively.12 13 The
higher transducer frequency used in our study
results in a better transthoracic image resolu-
tion. In addition, transducer probes used in the
earlier studies contained only 32 elements,
whereas ours had 128 elements, which in-
creases lateral resolution. The transducer used
in our study allowed multiline acquisition,
which increases the frame rate. Furthermore,
digital image processing and storage signifi-
cantly improves image quality and oZine
analysis. Another important factor for en-
hanced imaging of the left atrial appendage
through the transthoracic approach is the
significant reduction in transducer probe size
compared with the ones used in earlier studies.
Thus placement of the transducer in the inter-
costal space and angulation of the probe is
facilitated. Consequently, imaging of the left
atrial appendage is simplified and enhanced.

ASSESSMENT OF LEFT ATRIAL APPENDAGE

FUNCTION

Recent studies employing transoesophageal
echocardiography have shown that depressed
left atrial appendage function, as assessed by
peak emptying velocities of the left atrial
appendage and left atrial appendage ejection
fraction, is closely correlated with thrombus
formation in the appendage and increased
thromboembolic risk.8 9 14 The results of our
study show that transthoracic measurement of
peak emptying velocities is feasible in 69% of
patients. Furthermore, our findings demon-
strate that transthoracic and transoesophageal
measurements of peak emptying velocities of
the left atrial appendage correlate closely. The
calculation of left atrial appendage ejection
fraction requires measurement of the mini-
mum and maximum left atrial appendage area.

Figure 5 Interobserver variability for measuring peak
emptying velocities of the left atrial appendage (LAAv) by
transthoracic echocardiography (TTE); obs. 1, observer 1;
obs. 2, observer 2.
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Measurement of the maximum left atrial
appendage area was feasible in our study group
in 75% of patients. However, transthoracic
imaging of the minimum left atrial appendage
was feasible in only 54% of our patients. This is
because of the contraction and rotation of the
left atrial appendage during systole, which
causes it to move out of the imaging plane.
Thus the left atrial appendage ejection fraction
could only be calculated in half of the patients
in our study group. However, recent studies
have shown that appendage velocity measure-
ments are independent of the imaging plane,
whereas the ejection fraction of the left atrial
appendage is dependent on the plane in which
the appendage is viewed.15 It therefore seems
advantageous to measure peak emptying ve-
locities of the left atrial appendage in order to
assess left atrial appendage function.

IMAGING OF SPONTANEOUS ECHO CONTRAST

Spontaneous echo contrast accumulation is
described as an echogenic swirling pattern of
blood flow, which may be detected by trans-
oesophageal echocardiography in conditions
favouring stasis of blood in the left atrial cham-
ber and appendage.16 17 The presence of spon-
taneous echo contrast has been shown to be
associated with a history of thromboembolism
and may identify patients with an increased risk
of developing stroke or other embolic
events.18 19 The results of our study show that
transthoracic detection of spontaneous echo
contrast was feasible in only 9% of patients in
whom it was visualised by transoesophageal
echocardiography. Furthermore, transthoracic
examination disclosed spontaneous echo con-
trast only in those patients in whom it was
shown to be extremely dense by the trans-
oesophageal method. A possible explanation
for the low rate of transthoracic visualisation of
spontaneous echo contrast may be that the
transthoracic transducer frequency is still
significantly lower than the frequency of the
transoesophageal probe.

THROMBI IN THE LEFT ATRIAL APPENDAGE AND

RISK FACTORS FOR THROMBUS FORMATION

The finding of our study that a new generation
transthoracic echocardiographic system has a
high specificity and sensitivity for detecting left
atrial appendage thrombi suggests that addi-
tional transoesophageal echocardiographic ex-
amination for the confirmation of the presence
of a thrombus is not necessary. Nevertheless,
our results show that transthoracic echocardio-
graphy may miss small thrombi, although the
incidence of false negative transthoracic exami-
nations was low (1%). It therefore seems useful
to preselect patients with a high likelihood of
thrombi in order to limit further transoesopha-
geal echocardiographic examination to patients
at high risk of thrombus formation. Recently,
variables such as the presence of mitral
stenosis, mitral prosthesis, atrial fibrillation,
and left atrial enlargement have been identified
as risk factors for left atrial thrombus
formation.20 The finding of a left atrial append-
age thrombus in patients without these risk
factors is unusual. In the latter study only six of

629 patients without clinical risk factors had
left atrial appendage thrombi. Owing to the low
probability of thrombi in patients without such
risk factors, the investigators suggested that
transoesophageal echocardiography should be
limited to those who have at least one risk fac-
tor. Our results support this approach. Patients
without any of the risk factors had no thrombi.
However, selection of patients on the basis of
clinical risk factors and the presence of an
enlarged left atrium excluded less than half of
our patients (41%) from further examination
by transoesophageal echocardiography; 46
patients of our study group had at least one
clinical risk factor or an enlarged left atrium.
Therefore it seems reasonable to look for addi-
tional criteria to allow patients with a high
probability of thrombi to be selected more pre-
cisely.

Recently, low velocities in the left atrial
appendage have been correlated with an
increased likelihood of left atrial appendage
thrombi.8 9 However, in previous studies it has
only been possible to measure this variable by
means of transoesophageal echocardiography.
Our results show that with improved equip-
ment, velocities may also be recorded by trans-
thoracic echocardiography. In our study, none
of the patients with a peak emptying velocity of
> 0.3 m/s (n = 30), as assessed by transtho-
racic echocardiography, had a thrombus. Of
the remaining 16 patients with at least one
clinical risk factor or an enlarged left atrium
and a velocity of < 0.3 m/s, only one had a
thrombus (6%). In this respect it is important
to note that patients in whom thrombi were
detected by transthoracic echocardiography
either had velocities of < 0.3 m/s (30%) or
velocities that could not be recorded (70%).
The failure to record velocities in the latter
cases may be explained by the fact that they
were too low for the Doppler threshold. Thus
our results suggest that patients with clinical
risk factors may be further risk stratified
according to peak emptying velocities of the left
atrial appendage. If those velocities are either
low or not measurable, transoesophageal echo-
cardiography is recommended.

LIMITATIONS

With only 117 patients, the sample size of the
study is not large enough to provide definite
evidence of the role of transthoracic echo-
cardiography for assessing left atrial appendage
morphology and function. Our results should
be evaluated in further studies. Another limita-
tion of our study is that transthoracic results
were only compared with transoesophageal
findings. This study design does not take into
account the fact that—although it is regarded
as the gold standard for imaging left atrial
appendage thrombi—transoesophageal echo-
cardiography itself is not absolutely accurate in
this respect. Small thrombi between the pecti-
nate muscles or thrombi with an acoustic
impedance similar to blood may be
overlooked.21 22

Echocardiographic detection of left atrial appendage thrombus 197

http://heart.bmj.com


CLINICAL IMPLICATIONS

We compared the accuracy of transthoracic
echocardiography for the detection of left atrial
appendage thrombi with that of transoesopha-
geal echocardiography, which is considered the
current method of choice. If transthoracic
echogenicity of patients is optimal, the new
generation transthoracic echocardiographic
system used is able to detect or exclude left
atrial appendage thrombi with a high degree of
confidence. Transoesophageal examination
may therefore be limited to cases of suboptimal
imaging or where there is clinical concern
despite negative transthoracic results. Where
transthoracic echocardiography is negative
with good imaging, and embolic stroke is still
suspected, transoesophageal examination is
still advised, to rule out other embolic sources
such as patent foramen ovale or aortic
atheroma.
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