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Abstract

Background and Purpose—Proximal aortic plaques are a risk factor for vascular embolic events.
However, this association in the general population is unclear. We sought to assess whether proximal
aortic plaques are associated with vascular events in a community-based cohort.

Methods—Stroke-free subjects from the Aortic Plaques and Risk of Ischemic Stroke (APRIS) study
were evaluated. Aortic arch and proximal descending aortic plaques were assessed by

transesophageal echocardiography (TEE). Vascular events (myocardial infarction, ischemic stroke,
vascular death) were prospectively recorded and their association with aortic plaques was assessed.

Results—209 subjects were studied (age 67.0£8.6 years). Aortic arch plaques were present in 130
subjects (62.2%); large plaques (>4 mm) in 50 (23.9%). Descending aortic plagues were present in
126 subjects (60.9%), large plaques in 41 (19.8%).

During a follow-up of 74.4+26.3 months, 29 events occurred (12 myocardial infarctions, 11 ischemic
strokes, 6 vascular deaths). After adjustment for risk factors, large aortic arch plaques were not
associated with combined vascular events (hazard ratio [HR] 1.03, 95% confidence intervals [CI]
0.35 to 3.02) or ischemic stroke (HR 0.59, 95% CI 0.10 to 3.39). Large descending aortic plaques
were also not independently associated with vascular events (HR 1.99, 95% CI 0.52 to 7.69) or
ischemic stroke (HR 1.43, 95% CI 0.27 to 7.48).

Conclusions—In a population-based cohort, the incidental detection of plaques in the aortic arch
or proximal descending aorta was not associated with future vascular events. Associated co-factors
may affect the previously reported association between proximal aortic plaques and vascular events.
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Introduction

Methods

Atherosclerotic aortic plaques are associated with cerebrovascular and peripheral embolic
events. The evidence supporting this association derives from autopsy studies, case-control
studies on patients surviving a vascular event (cerebrovascular or peripheral)2-6 and studies
on high-risk patients referred for transesophageal echocardiography (TEE).”™®

The prevalence of aortic atherosclerosis increases with age and is affected by comorbidities,
with ample variations depending on the age strata considered, the frequency of associated risk
factors and the definition of plaque used.319:11 Given the high prevalence of aortic arch
atherosclerosis in the elderly, it is crucial to understand the vascular risk burden associated
with this condition in the general population. In the only population study conducted so far,
the prevalence of aortic plaques in the aorta was 51%, but the prevalence of severe plaques in
the proximal aorta (ascending/arch), which carry the highest stroke risk,34:8:% was only 2.4%.
12 n that study, aortic atherosclerosis was not associated with subsequent cardiovascular events
after adjustment for age and other risk factors, but the results regarding ischemic stroke were
not conclusive because of the uneven distribution of complex (i.e., large or mobile or ulcerated)
aortic plaques (68% of complex plaques were located in the descending aorta, an unlikely
location for brain embolism).

In the present study, we investigated the prevalence of aortic plaques in an unselected stroke-
free tri-ethnic cohort from Northern Manhattan, and the risk of vascular events and ischemic
stroke associated with plaques in the aortic arch or in the proximal portion of the descending
aorta.

Study Population

As part of the NINDS (National Institute of Neurological Disorders and Stroke)-funded Aortic
Plagues and Risk of Ischemic Stroke (APRIS) study, 209 stroke-free subjects over the age of
50 years and available to undergo TEE were selected from the participants of the Northern
Manhattan Study (NOMAS) on the basis of being matched to APRIS cases by age, sex and
race-ethnicity. Detailed recruitment methods for the NOMAS have been previously published.
13,14 Informed consent was obtained from all study participants. The study was approved by
the Institutional Review Board of Columbia University Medical Center.

Definition of Baseline Subject Characteristics

Cardiovascular risk factors were ascertained through direct examination and interview by
trained research assistants. Hypertension was defined as systolic blood pressure >140 mm Hg
or diastolic blood pressure >90 mm Hg (mean of two readings), self-reported history of
hypertension, or current antihypertensive medication. Diabetes mellitus was defined as fasting
blood glucose >126 mg/dL, self-reported diabetes history, use of insulin or oral hypoglycemic
medication. Hypercholesterolemia was defined as total serum cholesterol >240 mg/dL, self-
reported history of hypercholesterolemia or current lipid-lowering treatment. Current smoking
was defined by use of tobacco at the time of the interview; smoking history was defined by
use of tobacco at any time. Atrial fibrillation was documented by a current or past EKG.
Coronary artery disease (CAD) was defined as a history of myocardial infarction, coronary
artery bypass grafting or percutaneous coronary intervention, or typical angina and use of anti-
ischemic medications. Carotid atherosclerosis was defined as a stenosis > 60% in the internal
or in the common carotid artery detected by Doppler examination. Body mass index was
calculated as weight (kilograms) divided by height (meters) squared. Race/ethnicity was
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determined by subject's self-report using a questionnaire modeled after the U.S. Census Bureau
questionnaire.

Detection of Aortic Plaques

TEE was performed upon enrollment. The aorta was analyzed in a systematic fashion as
previously described.1® The aortic arch was defined as the portion of aorta between the curve
at the end of the ascending portion and the takeoff of the left subclavian artery. Descending
aorta was defined as the portion of aorta distal to the takeoff of the left subclavian artery.

A plaque was defined as a discrete protrusion of the intimal surface of the vessel at least 2 mm
thick, different in appearance and echogenicity from the adjacent intact intimal surface. Plaques
were classified as small (< 4 mm) or large (>4 mm). Plaque ulcerations or mobile components
were also recorded. An ulceration was defined as a discrete indentation of the luminal surface
of the plaque with base width and maximum depth of at least 2 mm each.1® TEEs were
interpreted by a single experienced echocardiographer (MDT) blinded to subjects’
characteristics and risk factors.

Follow-up and Outcome Evaluation

All subjects were followed-up annually by telephone interviews. End-points were ischemic
stroke, myocardial infarction (MI) and vascular death. Any vascular event or acknowledgment
of neurological or cardiac symptoms during the interview triggered an in-person assessment
by a neurologist. In addition, active hospital surveillance of admission and discharge 1ICD-9
codes was performed. All events were reviewed by a trained research assistant, and reported
to a study physician for adjudication. Stroke was defined by the occurrence of any type of
stroke by TOAST criteria.1® Diagnosis of ischemic stroke was determined by two neurologists
independently, disagreements were adjudicated by the NOMAS principal investigator (RLS).

M1 was defined by criteria adapted from the Cardiac Arrhythmia Suppression Triall” and the
Lipid Research Clinics Coronary Primary Prevention Trial8, requiring at least 2 of the
following: (1) cardiac pain (typical angina); (2) elevation of creatine-phosphokinase MB
isoenzyme (CPK-MB) fraction or troponin | values; and/or (3) typical EKG abnormalities.

Deaths were classified as vascular or nonvascular based on information obtained from the
family, medical records, and death certificate. Causes of death were validated by a study
physician. Vascular causes of death included stroke, M1, heart failure, cardiac arrhythmia (e.g.,
sudden or unwitnessed death).

Statistical Analysis

Differences between groups were assessed by unpaired Student's t-test for continuous variables
and by the chi-square test for proportions. Event rates were calculated in the overall population
and in subjects with different definitions of aortic plaque. Kaplan-Meier curves were used to
estimate the event-free survival and compared by the log-rank test. Cox proportional hazards
regression was used to assess the variables associated with subsequent vascular events.
Variables associated with vascular events and ischemic stroke in univariate analysis (p
value<0.1) were entered as independent variables in multivariate models testing the risk of
events associated with different definitions of aortic plaques. Unadjusted and adjusted hazard
ratios (HR) and 95% confidence intervals (CI) were obtained.

For all statistical analyses, a 2-tailed p<0.05 was considered significant.
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Results

Study Cohort

Clinical characteristics of the study cohort are shown in Table 1. The aortic arch was visualized
in all subjects. Aortic arch plaques of any size were found in 130 subjects (62.2%), large aortic
arch plaques in 50 subjects (23.9%). Complex plague morphology (ulcerations/mobile
components) was observed in 14 subjects (6.7%). The proximal descending aorta was
visualized in 207 subjects (99.0% of the cohort). Plaques of any size were found in the
descending aorta in 126 subjects (60.9%), large plaques in 41 subjects (19.8%).

Table 2 shows the cohort clinical characteristics by aortic plaque presence/thickness and
location. Age increased with increasing plaque thickness in both the aortic arch and in the
descending aorta (all p <0.01). Subjects with small arch plaques were more frequently smokers
and had higher prevalence of CAD (p values <0.05) than those without plaques. Subjects with
large arch plaques had higher prevalence of hypercholesterolemia than those without plaque
(p<0.01) or those with small plaques (p<0.05). No differences in aspirin treatment was
observed between different arch plaque groups, while warfarin treatment was more frequent
in subjects with large arch plaques (p<0.01 vs. no plaques; p<0.05 vs. small plaques). Lipid-
lowering drugs were more frequent in those with large aortic arch plaques compared to those
with no or small plaques (both p<0.05).

Subjects with large plaques in the descending aorta had higher prevalence of hypertension
(p<0.01), diabetes, hypercholesterolemia and history of CAD than those without plaque (all
p<0.05). Hypertension and CAD were more frequent in subjects with small descending aortic
plagues compared to those without plaques (both p<0.01).

Risk of Combined Cardiovascular Events

Mean follow-up was 74.4 months (4.2 to 120.5 months). No subject was lost to follow-up.
Overall, 29 end-points occurred (11 ischemic strokes, 12 Mls, 6 vascular deaths). Overall
incidence of cardiovascular events in the entire study population was 22.4 per 1000 person-
years, increasing from 15.5 per 1000 person-years in patients with no aortic arch plaque to 25.2
and 29.5 per 1000 person-years in those with small and large arch plaques. Event rates were
32.5 and 36.0 per 1000 person-years in those with small and large descending aortic plaques,
respectively, whereas it was 7.4 per 1000 person-years for subjects without plaques. Kaplan-
Meier curves for combined vascular events are showed in Figure 1. There was no significant
difference in event-free survival between subjects with no, small and large aortic arch plaques
(p=0.387, Figure 1A), while a significantly worse outcome was observed in subjects with
descending aortic plaques compared to those without plaque (p<0.01, Figure 1B).

Table 3 shows the variables associated with vascular events at univariate analysis. Age
(p<0.05), body mass index (p=0.01), and history of CAD (p<0.01) were univariate predictors
of events. Hypertension and hypercholesterolemia were associated with a borderline increase
in risk of events.

Table 4 shows the risk of events associated with the aortic plaques. Small arch plaques were
not associated with cardiovascular events in either univariate (HR 1.62, 95% CI 0.66 to 3.97)
or multivariate analysis (HR 1.27, 95% CI 0.49 to 3.28). Similar results were observed for
large arch plaques, in both univariate (HR 1.88, 95% CI 0.73 to 4.88) and multivariate analysis
(HR 1.03, 95% CI 0.35 to 3.02). When severe plaque was defined as either > 4 mm thick or
by the presence of ulceration/mobile components as in previous studies,12 HRs were
comparable to those for large plaques (data not shown), because all but one of ulcerated/mobile
plaques were >4 mm in thickness.
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Plaques in the descending aorta were associated with an increased risk of events in univariate
analysis (HR 4.35, 95% CI 1.45 to 13.03 for small plaques; HR 4.83, 95% CI 1.49 to 15.70 for
large plaques) but not in multivariate analysis (HR 2.50, 95% CI 0.78 to 7.97 for small plaques;
HR 1.99, 95% CI 0.52 to 7.69 for large plaques).

Risk of Ischemic Stroke

Overall ischemic stroke incidence was 8.3 per 1000 person-years. Event rates were 7.7, 10.2
and 6.3 per 1000 person-years respectively in subjects with no, small and large arch plaques
(p=0.813). In subjects with descending aortic plaques, ischemic stroke incidence was 10.4 per
1000 person-years (5.6, 9.8 and 11.6/1000 person-year in subjects with no, small and large
descending aortic plaques, p=0.635).

In Cox regression analysis, neither small nor large aortic arch plaques were associated with
ischemic stroke occurrence (adjusted HR 1.29, 95% CI 0.34 to 5.00 for small plagues; HR
0.59, 95% CI 0.10 to 3.39 for large plaques). Similar results were observed for descending
aortic plaques (HR 1.30, 95% C1 0.30 to 5.57 for small plaques; HR 1.43, 95% CI1 0.27 to 7.48
for large plagues).

Discussion

We report on the risk of incident vascular events associated with atherosclerotic plaques in the
thoracic aorta in a population-based cohort of stroke-free subjects. This is the study with the
longest follow-up among the few that have investigated this topic. We investigated the presence
of plaques in the aortic arch, which has been associated with an increased risk of stroke,1-9 and
in the thoracic descending aorta, from which retrograde embolization to the brain has also been
hypothesized.1® In our cohort, the presence of aortic arch plaques was not an independent
predictor of subsequent vascular events, including stroke. This finding is consistent with
another population study in the U.S., the Stroke Prevention: Assessment of Risk in a
Community (SPARC), which also found no association between aortic atherosclerosis and
cardiac events or stroke.12 However, there are substantial differences between the two studies.
Our cohort had high prevalence of aortic arch atherosclerosis (62.2%), nearly two-fold greater
than in SPARC (32.3% in the ascending aorta/arch). In SPARC, the prevalence of complex
plaques (defined as > 4 mm thick and/or with complex morphology) was only 2.4% in the
proximal aorta, compared to 24% in our cohort. Such large differences could be at least partially
explained by the different composition of the two cohorts and by exposition to different
environmental factors. Unlike the exclusively white study group of SPARC, our study cohort
was predominantly Hispanic (56%) and black (30%), and had a higher prevalence of
cardiovascular risk factors. Diabetes was more than twice as frequent (23.0% vs. 8.9%),
hypertension was more prevalent (69.4% vs. 55.2%), and both past and current smokers were
more represented in our cohort (60.3% vs. 39.0% and 16.1% vs. 8.2%, respectively). A history
of CAD was more frequent in our population (21.5% vs. 13.7%), and body mass index was
higher (27.6 vs. 26.9 kg/m?). Despite the significantly higher prevalence of aortic plaques in
our cohort, we could not demonstrate an independent association between thoracic aortic
plaques and vascular events. For large plaques in the aortic arch, this observation is in apparent
conflict with previous data showing their strong independent association with stroke and
peripheral embolic events.3:8:9:20 This discordance, however, may stem from the quite different
populations studied. The association between large arch plagues and embolic events was
established in case-control studies including patients with recent strokes,3-° and in prospective
TEE studies that selected high-risk patients with prior embolic events,®: or other
miscellaneous indications for TEE.”:8 The results of the present study, as well as those of
SPARC, were obtained in subjects drawn from, and representative of, the general population,
in whom aortic plaque detection was merely an incidental finding. It is possible that the
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previous positive results were driven by high-risk subjects, strongly represented in those
studies, but who may represent only a small subset of subjects with aortic plagues in the general
population. In that high-risk group, coexisting factors may increase the risk of embolic events
in patients with arch plagues, but this combination may be infrequent in the general population.
Also, cofactors may exist that increase the plaque embolic risk and that are more frequently
observed in the presence of an acute disease. In the APRIS study, patients with acute stroke
and large aortic arch plagues showed an activation of coagulation that paralleled the plaque
thickness, and the combination of large arch plaques and activated coagulation was associated
with an increased risk of recurrent stroke and death.2! However, a similar relationship between
large plaque and activation of coagulation was not observed in the control subjects of APRIS,
who constitute the study group of the present report. Moreover, in patients with acute ischemic
stroke, large aortic arch plagues have been found to be associated with the detection of
microembolic signals to the brain by transcranial Doppler.22-24 Other yet unidentified cofactors
may increase the risk of embolization from arch plagues and may have contributed to the
positive results of previous studies. Plasma fibrinogen, homocysteine and neutrophile count
have been found associated to aortic plaque severity and progression, which in turn is a strong
predictor of incident vascular events in patients with previous stroke/TIA.25-28 Pro-
inflammatory and pro-coagulant states might play a role in both plaque growth and event
triggering, although the latter possibility needs further investigation.

Retrograde embolization to the brain from the proximal descending aorta is theoretically
possible,19 although probably infrequent. We found that plaques in the proximal descending
aorta were associated with an increased risk of combined events in unadjusted analyses (Table
4 and Figure 2), but not after adjustment for other risk factors. This observation suggests that
plaques in the descending aorta may act more as a marker of atherosclerosis rather than a direct
cause for the events. Descending aortic plaques were more strongly associated with
atherosclerotic risk factors than arch plaques (Table 2), further suggesting a more prominent
role of descending aortic plaques as indicators of diffuse atherosclerosis. However, given the
significantly higher event rate associated with large plaques in the descending aorta, these
plaques may help identify a high-risk subgroup that should be targeted for aggressive
preventive strategies.

Study Limitations

Summary

The main limitation of our study is the relatively small sample size, which may have affected
the statistical power to detect a significant risk associated with large plaques. Moreover, we
could not compare different race/ethnic groups. Given the small number of complex plaques,
we could not evaluate the separate effect of complex plague morphology, which has been linked
to increased embolic risk.1:8:20

Our study shows that, in a tri-ethnic community-based sample of stroke-free subjects, large
plaques in the aortic arch are not associated with an increased risk of vascular events over a 6-
years follow-up. Plaque characteristics and cofactors infrequently found in the general
population may play a role in explaining the increased risk of events observed in previous
studies on different patient populations. The possibility that plaques in the proximal descending
aorta may independently contribute to an increased risk in the general population needs further
investigation.
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Kaplan-Meier curves for time-to-event by presence/thickness of aortic arch plaques (A) and
proximal descending aorta plaques (B).
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Baseline characteristics of the study cohort

Table 1
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Overall Population

(n=209)

Age, years 67.0+8.6
Women, n (%) 93 (44.5)
Race/Ethnicity

White, n (%) 30 (14.4)

Black, n (%) 62 (29.7)

Hispanic, n (%) 117 (55.9)
Body Mass Index, kg/m? 27.6+4.9
Hypertension, n (%) 145 (69.4)
Diabetes, n (%) 48 (23.0)
Smoking History, n (%) 126 (60.3)
Current Smoking, n (%) 33(16.1)
Hypercholesterolemia, n (%) 102 (48.8)
Coronary Artery Disease, n (%) 45 (21.5)
Atrial Fibrillation, n (%) 11 (5.3)
Carotid Stenosis (> 60%)*, n (%) 1(0.6)
Medications

Aspirin, n (%) 66 (31.6)

Warfarin, n (%) 5(2.4)

Lipid-lowering Drugs, n (%) 32(15.3)
Aortic Arch Plaques, n (%) 130 (62.2)

>4 mm, n (%) 50 (23.9)
Descending Aorta Plagues, n (%) 126 (60.9)

>4 mm, n (%) 41 (19.8)

*
Data available in 169 subjects (81% of the study cohort)
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Univariate predictors of cardiovascular events

Table 3

Page 12

Hazard Ratio 95% ClI P Value

Age 1.05 1.01-1.09 0.02
Male Gender 112 0.53-2.34 0.77
Race-Ethnicity

Black” 133 0.63-2.83 0.45

Hispanic™ 0.62 0.29-1.29 0.20

White” 1.46 0.59-3.59 0.41
Body Mass Index 1.09 1.02-1.16 0.01
Hypertension 2.82 0.98-8.11 0.054
Diabetes 191 0.89-4.11 0.10
Current Smoking 0.37 0.09-1.57 0.18
Smoking History 1.69 0.75-3.81 0.21
Coronary Artery Disease 3.27 1.57-6.80 0.002
Hypercholesterolemia 211 0.98-4.54 0.06
Atrial Fibrillation 2.16 0.65-7.14 0.21

*
Reference is the combination of the other two groups
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Table 4

Risk of vascular events by aortic plaque thickness and location

Page 13

Combined Vascular Events

Unadjusted Hazard Ratio Adjusted Hazard Ratio*
(95% ClI) (95% ClI)

Aortic Arch

No Plaque Reference Reference

Small Plague 1.62 (0.66-3.97) 1.27 (0.49-3.28)

Large Plague 1.88 (0.73-4.88) 1.03 (0.35-3.02)
Descending Aorta

No Plaque Reference Reference

Small Plaque 4.35 (1.45-13.03) 2.50 (0.78-7.97)

Large Plaque 4.83 (1.49-15.70) 1.99 (0.52-7.69)

*
Covariates: age, body mass index, hypertension, diabetes, coronary artery disease, hypercholesterolemia and medical treatment.
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