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B Objective: To determine whether protruding athero-
mas in the thoracic aorta are a risk factor for systemic
embolization.

B Design: Case-control study.

W Setting: A referral hospital.

B Patients: A total of 122 patients with a history of
stroke, transient ischemic attack, or peripheral embali
and an equal number of age- and sex-matched control
patients.

B Measurements: Evaluation using transesophageal
echocardiography was done in case patients to detect
protruding atheromas in the thoracic aorta and in con-
trol patients for cardiac indications other than embaoli.
B Main Results: Matched logistic regression showed
that the presence of protruding atheromas was strongly
related to the occurrence of embolic symptoms (odds
ratio, 3.2; 95% CI, 1.6 to 6.5; P < 0.001). Furthermore,
atheromas with mobile components were present only
in case patients. When known risk factors for stroke
(hypertension and diabetes) were added to the model,
the presence of protruding atheromas remained an
independent risk factor for embolic symptoms (odds
ratio, 3.8). Hypertension was also independently asso-
ciated with embolic symptoms (odds ratio, 2.7), but
diabetes was not (odds ratio, 1.0).

B Conclusion: Protruding atheromas in the thoracic
aorta can be detected by transesophageal echocardiog-
raphy and should be considered as a cause of strokes,
transient ischemic attacks, and peripheral emboli.
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Pnticnlx with unexplained strokes, transient ischemic
altacks, or peripheral emboli are often referred for an
echocardiographic evaluation to see il a cardiac source
of embolization can be found. However, a two-dimen-
sional echocardiogram is often normal in such patients
(1). Even in patients with proved carotid artery disease,
the presence of a carotid bruit may not predict the
location of future cerebral events (2). and many of these
patients may have an unsuspected source of embaoliza-
tion.

Transesophageal echocardiography can reveal poten-
tial cardiac sources of embalization (3, 4), and abnor-
malities in the thoracic aorta (5). We have recently
reported the cases of three patients whose transesoph-
ageal echocardiograms showed the presence of large,
protruding atheromas in the aortic arch (6). In a fourth

patient, a protruding atheroma in the aortic arch was
removed surgically because of multiple systemic emboli
i7). These new findings prompted us to examine the
transesophageal echocardiograms from a series of pa-
tients referred to our laboratory for various indications,
including unexplained neurologic symptoms and other
embolic phenomena, to see if protruding atheromas
were related to embolic symptoms.

Methods

We used a case-control study design (8). All patients (107
outpatients, 137 inpatients) were referred by their attending
physicians for evaluation by transesophagesl echocardiog-
raphy, and the procedures were done in the echocardiography
laborstory. The referring physicians included cardiologists or
cardinc surgeons (137 cases. 56%), neurologists (57 cases,
23900, intermists (26 cases, 119), vascular surgeons (5 cases,
%), and various other specialists (19 cases, 8%0). The patients
were well enough to cooperate for the procedure, which was
done without premedication except for antibiotic prophylaxis
in patients with prosthetic valves. All patients and their
matched controls were selected from the same group of pa-
tients referred for transesophageal echocardiography at Tisch
Hospital, New York University Medical Center..

Case Patients

All patients in our study were referred 1o the non-invasive
cardiology laboratory for evaluation by transesophageal echo-
cardiography from 1988 through 19%0. Of the 507 transesoph-
ageal echocardiograms done for varous indications, 122 (24%)
were done o search for a possible cardiac source of emboliza-
tion in patients with a history of unexplained stroke, transient
ischemic attack, or peripheral embolization. Previous transtho-
racic echocardicgraphic evaluation had not revealed a source
of embaoli,

The history of symptoms was obtained from the patients’
attending physicians. from the patients themselves, or from the
medical records. MNeurologic symptoms (acule weakness or
paralysis) involving the right side of the body and aphasia were
aitributed 1o lefl-brain events. Neurologic symploms involving
the left side of the body were attributed to right-brain events.
In addition, some patients had peripheral emboli that involved
the legs feight patients), the arm (one patient), or the kidney
ione patient). All symptoms had occurred a short time before
the transesophageal echocardiogram was oblained; this was
not a follow-up study, and no symptoms occurring after the
echocardiographic evaluation were ascertained.

Controls

One hundred and twenty-two age- and sex-matched controls
were randomly chosen from among 385 patients who had a
transesophageal echocardiographic evaluation during the same
period for cardiac indications other than embolic symptoms. In
109 instances, the control patient matched the case patient in
vear of age; in the other |3 instances, there was a [-year
difference in age between the case and the control patient,

Assessment of Atheromas

To determine whether the presence of protruding atheromas
in the thoracic aora conferred an increased risk for embolic
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Figure 1. Protruding atheroma as shown by transesophageal echocardiography. Left. A protruding atheroma (arrows) located in the
aortic arch of a 75-year-old man who had had a stroke. Right. For comparison. a transesophageal echocardiogram showing the

aortic arch with no protruding atheroma, (AA = aortic arch.)

symptoms, we assessed the number of case patients and con-
trols who had such atheromas. For the purposes of our study,
atheromas that protruded 0.5 cm or more into the aortic lumen
were considered 1o be significant. Intimal thickening was not
considered to be significant. In addition, we recorded whether
or not atheromas had mobile components that moved freely in
the blood.

Transesophageal echocardiography was done while patients
were awake using a Hewlet-Packard (Andover, Massachu-
setis) Sonos 500 system and a 5.0-MHz 21362-A transesoph-
ageal transducer. The oropharynx was anesthetized with topi-
cal lidocaine spray, but no other premedications were given
(no sedatives or drying agents). The procedure was done afier
a fast of at least 4 hours. Mo patient experienced complica-
tions, The thoracic aorta was evaluated from the level of the
stomach (approximately 45 cm from the teeth) up to and in-
cluding the aortic arch and ascending aorta, and images were
recorded on videotape for later analysis. The presence or ab-
sence of protruding atheromas was noted (Figure 1), as were
any mobile components of the atheromas.

Possible Confounding Variables

To control for other major risk factors and to determine
whether protruding atheromas were an independent cause of
embolic symptoms, we assessed the case-control pairs for di-
abetes and hypertension using information available from the
patients themselves, their physicians, or the medical records.
Such information was available in 95 of the 122 pairs (T8%);
the remaining 27 pairs were excluded from this part of the
analysis because the appropriate information was unavailable
for one or both members of the pair.

Table 1. Frequency of Protruding Atheromas among 122
Case-Control Pairs

Case
Atheroma Atheroma
Present Absent
Atheroma I 1]
Present
Control
Atheroma 32 79
Absent

Odds ratio, 3.2; P < 0.001.

Blinding and Observer Variability

Transesophageal echocardiography was done by five cardi-
plogists who read the echocardiograms at the time the studies
were done. Therefore, the interpreting cardiologist was not
originally blinded to the patient’s clinical situation. To assess
observer variability, 100 consecutive studies were re-read by a
designated cardiologist (one of the authors) who was blinded to
the patients’ histories, In addition, the upper left corner of the
video screen was blacked out 1o hide the patients” names and
identifying numbers. OF these 100 studies, the 36 that had been
originally read by this cardiologist were used o assess intra-
ohserver variability. The other 64 studies, which had been
originally read by other cardiologists, were used 1o assess
interobserver variability.

Statistical Analysis

A maiched anmalysis was done using a conditional logistic
regression model (BMDP Statistical Sofiware Package [9]).
The computer implementation of the matched design was
adapted from that of Le and Lindgren (100, Ninety-five percent
confidence intervals (Cls) were calculated for the odds ratios.
Chi-square analysis was used when the given guestion was not
amenable 10 logistic regression. A P value of less than 0.05
was considered to be significant,

Results

Of the 122 patients with emboli, 33 had protruding
atheromas (27%) (Table 1). Thirty-two of these 33 pa-
tients (97%) were matched with controls who did not
have atheromas. Only one of the case patients who had
an atheroma was matched with a control who also had
an atheroma. Seventy-nine of the 89 case patients (89%)
who did not have atheromas were matched with con-
trols who also did not have atheromas. Only 10 case
patients who did not have atheromas were maiched
with controls who had atheromas. The estimated odds
ratio for the occurrence of symptoms in the presence of
protruding atheromas was 3.2 (95% CI, 1.6 to 6.5, P <
0.001). Eleven case patients had mobile components to
their protruding atheromas, but no control patient had
this finding (P = 0.002). Atheromas, in 29 of the 33 case
patients (88%) who had them, were located in the aortic
arch. Eleven of these 29 patients (339) also had ather-
omas in the descending aorta; the 4 remaining patients
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(129) had atheromas in the descending aorta only.
Eleven of the 122 control patients had atheromas; 7 of
these |1 patients (64%) had atheromas that were located
in the aortic arch. Two patients (18%) had atheromas in
both the aortic arch and the descending aorta (18%),
and four patients (36%) had atheromas in the descend-
ing aorta only.

Possible Confounding Variables

Information related 1o the presence or absence of
hypertension and diabetes was available for 95 case-
control pairs. Matched-pair analysis of the relation be-
tween these variables and systemic embolization is
shown in Table 2. Of the 41 case patients who had
hypertension, 32 (78%) were matched with controls who
did not have hypertension: thus. only 9 case patients
(22%) were matched with controls who also had hyper-
tension. Of the 54 case patients who did not have hy-
periension, 41 (76%) were matched with controls who
also did not have hypertension and 13 (249%) were
matched with controls who did have hypertension.

Of the 18 case patients with diabetes, 15 (83%) were
matched with controls who did not have diabetes and 3
(17%) were matched with controls who did have diabe-
tes. OF the 77 case patients who did not have diabetes,

Table 2. Frequency of Protruding Atheromas, Hyperten-
sion, and [Mabetes among 95 Case-Control Pairs

Table 3. Location of Neurologic Symptoms in 33 Patients
with Neurologic Events*

Location Events, n (%)
Lefl brain 21 (4%
Peripheral 10 (23)
Right brain B9
Diffuse cerebral 3T
Ataxia, vertigo 1(2)
Total 43 (100}

Cuse
Atheroma Atheroma
Present Absent
Atheroma 1 B
Present
Control
Atheroma 27 59
Absent
Odds ratio. 3.8; F < 0,001,
Case
Hypertension Hypertension
Presemt Absent
Hyperiension 9 I3
Presemt
Control
Hyperiension a2 41
Absent
Odds ratio, 2.7; P < 0.001.
Case
Diabetes Diabetes
Present Absent
Diabetes 3 13
Present
Control
Diabetes 15 H4
Absent

Odds matio, 1.0; P < 0.001.

* o< 0,005 when left-brain or peripheral symploms were compared
with right-brain symploms.

64 (839 ) were matched with controls who also did not
have diabetes and 13 (17%) were matched with controls
who did have diabetes.

The matched-pair conditional logistic regression anal-
ysis was repeated with atheroma, diabetes, and hyper-
tension in the model (P < 0.001) (Table 2). The pres-
ence of protruding atheromas was shown to be an
independent predictor of embolic symptoms (estimated
odds ratio, 3.8; 955 CI, 2.4 1o 5.8). Hypertension was
also predictive of symptoms (odds ratio, 2.7; 95% CI,
1.9 1o 3.9). Diabetes was not predictive of embolic
symptoms in these matched pairs (odds ratio, 1.0).

Left-Brain or Peripheral Symptoms

The 33 case patients with atheromas had 43 sympto-
matic episodes (Table 3). Thirty-three of the episodes
were neurclogic (21 strokes and 12 transient ischemic
attacks), and 10 involved the peripheral circulation (1
involved the kidney; 1, the arm; and 8, the leg). We
hyvpothesized that right-brain emboli would be less
likely to occur than lefi-brain or peripheral emboli be-
cause atheromas located in the aortic arch may be distal
to the innominate artery (the great vessels are not vi-
sualized on single-plane transesophageal echocardiog-
raphy. and, therefore, precise location of the atheroma
in relation to the innominate is not possible). This hy-
pothesis was confirmed by our finding that 31 sympto-
matic episodes (72%) involved the left brain (21 epi-
sodes [499]) or the periphery (10 episodes [23%]). Only
eight symptomatic episodes (18%) involved the right
brain (P =< 0.005). Four brain events could not be lat-
eralized.

Blinding and Observer Variability

To assess possible variability of interpretation, 100
studies were re-read by a designated cardiologist (one of
the authors) who was blinded to the patient’s clinical
situation. OFf the 36 studies originally read by this car-
diologist, 4 had been interpreted as showing protruding
atheromas and 32 as not showing protruding atheromas.
Only | of these 36 studies (3%) was interpreted differ-
ently on the second reading: An echo density originally
thought to show a protruding atheroma was., on re-
reading. thought to indicate part of the aortic wall.

Of the 64 studies originally read by other cardiolo-
gists, 7 had been interpreted as showing protruding
atheromas and 57 as not showing protruding atheromas,
Only | study (2%) was interpreted differently on the
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second reading: Originally read as showing *“*mild ather-
oma” (negative), the siudy. on re-reading, was inter-
preted as showing a protruding atheroma (positive),
Thus, both intra-observer variability (97% agreement)
and interobserver variability (98% agreement) were min-
imal.

Discussion

Transesophageal echocardiography has been found to
be useful in identifying cardiac abnormalities in young
patients with transient ischemic attacks (11). Similarly,
Pop and colleagues (12) found transesophageal echocar-
diography to be superior to routine transthoracic studies
in patients who did nol have overt heart disease bui
who had transient ischemic attacks. However, the over-
all yield of possible embolic sources in these putients
was small (10%), and the invesligalors were nol cerlain
the new findings were not just incidental, associated
anomalies. The yield of possible embolic sources was
higher in patients with clinically overt heart discase. but
these findings was thought to be of little clinical rele-
vance. They found that 32 of 72 paticnts (44%) had
aortic atherosclerosis, confirming the previously re-
ported association of atherosclerosis with neurologic
events (13). However, they identificd diffuse aortic wall
irregularities and did not define protruding atheromas or
mobility. In addition, their study had no control group
of patients without neurologic events, and, therefore,
no statement could be made about the causal relation
between aortic atherosclerosis and such evenis, Re-
cently, Karalis and coworkers (14) identified aortic
atheromas in 36 of 556 patients (6%) who had transe-
sophageal echocardiography. Eleven of these 36 pa-
tients (319) had embolic symptoms (7 with cerebral
symploms and 4 with peripheral symptoms).

We found protruding atheromas in the thoracic aorta
in 33 of 122 case patients (27%). Matched-pair logistic
regression showed that the chance of having symptoms
is three times greater in the presence of protruding
atheromas. Furthermore, only case patients had ather-
omas with mobile components. Even when the known
risk factors, hypertension and diabetes, were added to
the model. protruding atheromas were still indepen-
dently associated with strokes, transient ischemic at-
tacks, and peripheral emboli.

That embolic symptoms were significantly more likely
to have involved the left brain or periphery than the
right brain is probably evidence that the protruding
atheromas caused the patients” symptoms, because le-
sions in the aortic arch were probably more likely to be
distal to the innominate artery. Factors other than the
site of the atheroma. such as blood flow distribution.
may have also influenced the location of symptoms.

Onee atheromas are identified, the problem of clinical
management arises. We have reported the case of one
patient (7) who had four embolic events. This patient’s
protruding atheroma was removed under circulatory ar-
rest. Repeat transesophageal study 2 months later
showed a clean aortic arch, and the patient continues to
do well. In addition, investigators at our institution have
reported the removal of protruding atheromas in pa-
tients undergoing open heart surgery (15). However,

surgical removal may be indicated only in highly se-
lected patients, and there is no evidence that such sur-
gery decreases the risk for embolization in paticnts with
these lesions; on the contrary, surgery might increase
the risk for an adverse outcome.

Although the transesophageal echocardiograms were
originally interpreted at the time the procedures were
done, 100 consecutive studies were re-interpreted at the
end of the study by a cardiologist who was blinded to
the patient’s clinical situation. Intra- and interobserver
variability were minimal: however. in a few cases in-
volving patients with other obvious diagnoses, less ai-
tention was paid to meticulously exploring the thoracic
aorta when the test was done. and some atheromas may
have been missed because of this operator-recording
bias.

We found 50 protruding atheromas in the 507 patients
who had a transesophageal echocardiographic evalua-
tion in our laboratory. This rate of 109 is higher than
that found (6% ) in the 556 patients studied by Karalis
and colleagues (14). This higher incidence does not re-
flect the incidence of protruding atheromas in the gen-
eral population because of referral bias; all case patients
were referred for evaluation because of symptomatic
events. The transesophageal echocardiograms  were
done afier, not before, the events occurred. Therefore,
the ability 1o predict future events has not been deter-
mined. A prospective study to evaluate the importance
of protruding atheromas in asymptomatic patients can-
not be done at present because. despite the lack of
complications seen among our patients, transesophageal
cchocardiography is a somewhatl invasive and poten-
tinlly harmful procedure (16). However, a prospective
study of patients referred for evaluation by transesoph-
ageal echocardiography should be done 1o avoid the
problems inherent in a refrospective analysis.

Two other issues deserve mention. Because the distal
part of the ascending aorta is masked by the trachea
and not seen on a single-plane transesophageal echocar-
diogram, some atheromas in this location may have
been missed. Finally, material was removed from one
patient {an atheroma with superimposed thrombus), but
pathologic information is not available for the group as
a4 whole, and the importance of the composition of this
material is not known,
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