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Abstract

Objective—Atherosclerotic plaque in the aortic arch is an independent risk factor for ischemic
stroke. Although high blood pressure (BP) measured at the doctor’s office is known to be
associated with aortic atherosclerosis, little is known on the association between 24-hour
ambulatory BP and aortic arch plaque presence and severity. Our objective was to clarify the
association between ambulatory BP variables and aortic arch atherosclerosis in a community-
based cohort.

Methods—The study population consisted of 795 patients (mean age 71+9 years) participating in
the Cardiovascular Abnormalities and Brain Lesions (CABL) study who underwent 24-hour
ambulatory BP monitoring (ABPM). Arch plaque was evaluated by 2D transthoracic
echocardiography from a suprasternal window.

Results—All systolic ABPM variables (24-hour/daytime/nighttime mean systolic BP, daytime/
nighttime systolic BP variability) were associated with the presence of any plaque and large
(=4mm) plaque, whereas diastolic BP variables were not associated with aortic atherosclerosis.
Multiple regression analysis indicated that nighttime systolic BP variability (expressed as the
standard deviation of nighttime systolic BP) remained independently associated with large plaque
after adjustment for age, sex, cigarette smoking, history of hypertension, diabetes mellitus,
hypercholesterolemia, anti-hypertensive medication and nighttime mean systolic BP (odds ratio
1.39 per 1 standard deviation increase, 95% CI 1.00 to 1.93, P<0.05).
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Conclusion—Systolic ABPM variables are significantly associated with the presence of arch
plaque. Nighttime systolic BP variability is independently associated with large arch plaque.
These findings may have important implications in gaining further insights into the mechanism of
arch plague formation and progression.
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Introduction

Methods

The presence of aortic arch plaque is a risk factor for ischemic stroke. The association
between aortic arch plaque and stroke risk, initially established in autopsy studies?, has
subsequently been confirmed by in-vivo studies that used transesophageal echocardiography
with a case-control? or prospective3—° design. Large plaques (defined as >4mm in most
studies) were proven to increase the risk of first strokel=3, recurrent stroke* and death®. The
presence of aortic arch plaque is related to the traditional risk factors for atherosclerosis,
such as age3, hypertension’, hypercholesterolemia®, smoking®, and to newer ones such as
hyperhomocysteinemial®. Also, local hemodynamic factors such as oscillatory shear stress,
which may facilitate plaque rupture and subsequent thrombus formation, may be associated
with plaque progressionl: 12,

Ambulatory blood pressure monitoring (ABPM) provides information that is not obtained
from conventional office-based blood pressure (BP) measurements, and is also more
reproduciblel3. Several studies have shown that target organ damage'# and prognosis!® are
more closely associated with ambulatory BP than with casual BP measured in the doctor’s
office. Moreover, diminished nocturnal BP declinel6 and increased 24-hour BP variabilityl?,
which can only be evaluated by ABPM, are associated with subsequent cardiovascular
events and cardiovascular mortality. However, the association between ABPM variables and
aortic arch plaque has not been elucidated in properly sized clinical studies.

The aim of the present study was therefore to assess the relationship between aortic arch
plagues and ABPM variables (24-hour/daytime/nighttime mean value and variability;
nocturnal decline), and to assess the relationship between plaque size and BP variability
(which may reflect oscillatory shear stress and therefore be related to plaque progression) in
an unselected sample of the general population.

Study population

This study was conducted at Columbia University Medical Center. The study sample was
derived from the National Institutes of Neurological Disorders and Stroke (NINDS)-
sponsored Cardiac Abnormalities and Brain Lesions (CABL) study, whose aim is to assess
the relationship between subclinical cardiovascular disease and silent brain infarctions in a
community-based cohort. Participants were drawn from the Northern Manhattan Study
(NOMAS), an epidemiologic study carried out in New York City. Extensive details about
the population and enrollment of NOMAS have been published previously!8. Briefly,
subjects were eligible if they (1) had never been diagnosed with stroke, (2) were aged >50
years, and (3) resided in northern Manhattan for >3 months in a household with a telephone.
The study was approved by the institutional review board of Columbia University Medical
Center, and informed consent was obtained from all study participants. Cardiovascular risk
factors were ascertained through direct examination and interview by trained research
assistants. Among the variables used in the analysis, hypertension was defined as systolic
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blood pressure (SBP) >140 mmHg or diastolic blood pressure (DBP) =90 mmHg (mean of
two readings) or a patient’s self-reported history of hypertension or antihypertensive
medication use. Diabetes mellitus was defined by the patient’s self-report of such a history
and/or current use of insulin or hypoglycemic agents, or a fasting glucose of >126 mg/dl,
tested at least twice at different times in each participant. Smoking status was defined as
cigarette smoking at any time in the past or present. Hypercholesterolemia was defined as
total serum cholesterol >240 mg/dl, a patient’s self-report of hypercholesterolemia or
presence of lipid-lowering treatment.

Detection of Aortic Plaques

Two dimensional transthoracic images of the aortic arch with real time 3D confirmation
from a suprasternal window were obtained by a registered cardiac sonographer following a
standardized protocol using a commercially available system (iE33; Philips Medical
Systems, Andover, MA) equipped with a 2.5-MHz to 3.5-MHz transducer. All the tests were
stored on digital media for subsequent analysis. 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. A plaque was defined as a discrete protrusion of the intimal surface of the
vessel at least 1mm in thickness, different in appearance and echogenicity from the adjacent
intact intimal surface (Figure, arrow). Plaques were classified as small (<4mm) or large
(=4mm). In case of multiple plaques, the most advanced lesion was considered. All images
were interpreted by a single experienced echocardiographer (MDT) blinded to subject’s
characteristics and risk factors.

Ambulatory Blood Pressure Assessment

An ambulatory blood pressure monitor (SpaceLabs Model 90207, Redmond, WA) was used
to assess 24-hour BP as the subjects performed their normal activities. The accuracy and
reliability of the device have been previously validated according to the Association for the
Advancement of Medical Instrumentation criterial®. ABPM was performed according to
previously published protocols with a BP cuff appropriately sized to arm circumference and
placed on the subject’s non-dominant arm. The monitor was set to automatically record BP
at 15-minute intervals during awake hours and 30-minute intervals during sleep hours.
Before use, the device was calibrated against a reference mercury manometer; criterion for
target agreement was within £ 5mmHg. Recordings were retrieved and analyzed with the aid
of ambulatory BP report management system software (SpaceLabs Systems, 2004). The
average SBP/DBP obtained by ambulatory BP assessment were calculated for a 24-hour
period and separately for awake and sleep periods, which were determined using the
subject’s diary reports of actual sleep and awake times. BP variability was calculated as the
SDs of mean awake and asleep SBP/DBP. The percent decline in nocturnal SBP/DBP was
calculated as (awake SBP/DBP - asleep SBP/DBP) x100/ awake SBP/DBP18, Clinic BP was
the average of two measurements in sitting position taken by a research assistant using a
mercury sphygmomanometer and BP cuff appropriately sized to arm circumference.

Statistical analysis

Statistical analysis was performed using SAS software version 9.1 (SAS Institute Inc, Cary,
NC). Continuous variables are expressed as mean value = SD. Multiple logistic regression
analysis adjusted for age, male sex, cigarette smoking, hypertension, hypercholesterolemia,
diabetes mellitus (which are risk factors for aortic arch plaque), and for anti-hypertensive
medication use (which influences ABPM variables) was carried out to identify the
independent predictors of aortic arch plaque. In addition to these covariates, we adjusted for
daytime/nighttime mean SBP/DBP levels in the analyses for BP variability, and for 24-hour
mean BP in the analyses for nocturnal BP decline. A p value of < 0.05 was considered
statistically significant for all tests.
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Results

Study Cohort

A total of 1004 participants were enrolled in CABL, but 169 did not have ABPM because of
refusal (155) or inability to complete the test (14). This left 835 participants with ABPM
data, out of which incomplete information on arch plaque or insufficient ABPM data points
were observed in 40, leaving a final sample size of 795. Clinical characteristics of the study
cohort and ABPM findings are shown in Table 1. Aortic arch plaques of any size were found
in 578 subjects (73%), large (=4mm) aortic arch plaques in 85 subjects (11%).

Univariate predictors of aortic arch plague—Table 2 shows the variables associated
with the presence of any and large aortic arch plaque. Age, hypertension, presence of plaque
at the carotid bifurcation and all SBP variables were univariate predictors of any plaque and
large plague. Cigarette smoking and anti-hypertensive medication use were associated with
a borderline increase in the risk of any plaque, and a significant risk of large plaque. SBP
nocturnal decline was only associated with large plaque. DBP variables were not associated
with arch atherosclerosis.

ABPM predictors of any plaque and large plaque in the aortic arch -
Multivariable analysis—Table 3 shows the ABPM variables associated with the presence
of any and large (=4mm) aortic arch plaque and their adjusted odds ratio obtained by
multiple logistic regression analysis. 24-hour mean SBP and SBP daytime variability were
associated with a borderline increase in risk of any plaque. Nighttime SBP variability
remained independently associated with large plaque after adjustment for differences in age,
sex, smoking status and history of hypertension, diabetes mellitus, hypercholesterolemia,
anti-hypertensive medication use, and mean nighttime SBP (odds ratio 1.39 per 1standard
deviation increase, 95% CI 1.00 to 1.93, P<0.05).

Discussion

In the present study, we observed that all systolic ABPM variables were significantly
associated with the presence of plaques of any size and large plaques in the aortic arch.
Moreover, nighttime SBP variability was a predictor of the presence of large plaques, which
carry an increased stroke risk, after adjustment for accepted atherosclerotic risk factors and
for nighttime mean SBP. DBP variables and a blunted nocturnal decline in both systolic and
diastolic BP were not found to predict any plaque or large plaque in multivariable analyses.
These results suggest that SBP may be important for plaque formation, and that marked
fluctuations of SBP during sleep may be of importance for plaque progression. To the best
of our knowledge, this is the first study to demonstrate that nighttime SBP variability is
associated with the presence of large plaques in the aortic arch in the general population.
There is growing evidence that nighttime BP is a better predictor of cardiovascular outcome
than daytime BP20: 21, The mechanisms that underlie this difference remain poorly
understood. There is, however, considerable evidence suggesting that sleeping has a
buffering effect on the adverse consequences of physical and mental stress by reducing
neuroendocrine activity and sympathetic stimulation. Therefore, nighttime BP is not subject
to confounding factors such as physical and mental stress, and reflects the patient’s intrinsic
BP characteristics better than daytime BP.

Local hemodynamic factors affect the occurrence of atherosclerosis. Shear stress, the drag
force acting on the vessel wall associated with blood flow, plays an important role in the
development of endothelial dysfunction and atherosclerosis®. Oscillatory shear stress
causes a sustained activation of pro-oxidant processes (i.e., NADH oxidase) resulting in
redox-sensitive gene expression (i.e., redox-sensitive gene heme oxygenase-1) in human
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endothelial cells, which may induce plaque formation?2. High BP variability is assumed to
change the blood flow characteristics, increasing the effects of low shear stress and
oscillatory shear stress. Consequently, exaggerated BP variability may produce injury to the
blood vessels, possibly facilitating plaque rupture. Sudden plaque rupture, thrombus
formation, and subsequent incorporation of thrombus into the atherosclerotic plaque are
known to cause rapid progression of atherosclerosis'2. We have previously reported that the
coexistence of a hypercoagulable state in patients with aortic arch plagque may increase the
likelihood of superimposed thrombus formation and further enhance the embolic potential of
the plaque3. The findings of the present study may suggest that nighttime SBP variability
may have an effect on the atherosclerotic process in the aortic arch. This finding is
consistent with a previous study that showed that nighttime SBP variability was an
independent risk factor for stroke2* and carotid plaque2®. The Stroke Prevention:
Assessment of Risk in a Community (SPARC)’ study, which did not provide data on BP
nocturnal dipping status and on BP variability, reported that daytime and nighttime SBP
were associated with both any and large plaque, while daytime and nighttime DBP were not.
These results are consistent in part with ours, although only nighttime SBP variability was
associated with large plaque in our study. This difference might stem in part from different
study cohorts, and from the more complete set of atherosclerotic risk factors adjusted for in
our analysis (age, male sex, cigarette smoking, hypertension, hypercholesterolemia, diabetes
mellitus and anti-hypertensive medication use in our study, versus only age and cigarette
smoking in SPARC).

Some studies observed a significantly better prognosis in patients with a greater nocturnal
BP decline?®, but this was not confirmed by others2”. Thus, the role of nocturnal decline as a
risk factor for cardiovascular events is still controversial. Our study showed no association
between nocturnal BP decline (a continuous measure) or normal BP dipping status (a binary
variable) and either any or large arch plaque.

Our study has some limitations. First, cross-sectional data cannot investigate causality.
Prospective studies would be necessary to assess whether BP variables indeed predict aortic
arch plague progression. Second, given the relatively small number of large plaques, we
could not compare the relationship between BP and arch atherosclerosis across different
race/ethnic groups. Third, because our data were obtained with transthoracic
echocardiography, we may have underestimated the prevalence of plaques, and could not
accurately evaluate plaque morphology (i.e., presence of ulceration or small mobile
components), which has been linked to increased embolic risk> and requires
transesophageal echocardiography or MRI (currently the best way to image vulnerable
plaques) for a more accurate analysis. However, transthoracic echocardiography is a non-
invasive technique that is better suited for use in asymptomatic individuals, and has been
proven to be accurate for detection of aortic plaques, especially large ones?8: 29, Positive and
negative predictive values for large aortic plague by comparison with transesophageal
echocardiography were reported at 91% and 98%, respectively30. Moreover, in our study we
confirmed the presence of plaques with real time 3D imaging, which added to the
completeness of the examination.

Conclusions

Systolic ABPM variables are significantly associated with the presence of aortic arch
plaque, and nighttime systolic BP variability is independently associated with large plaques,
which carry a greater stroke risk. These findings may have important implications in gaining
further insights into the mechanism of arch plaque progression. The hypothesis that
nighttime SBP variability is associated with accelerated plaque progression requires further
investigation.
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Abbreviations

ABPM ambulatory blood pressure monitoring
BP blood pressure

SBP systolic blood pressure

DBP diastolic blood pressure
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Figure 1.
Two-dimensional image from a suprasternal window of a large atherosclerotic plaque

(arrow) in the distal portion of the aortic arch.
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