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31.1
Background

Uncontrolled and prolonged elevation of blood pressure can lead to a variety of changes in
the myocardial structure, coronary vasculature, and conduction system of the heart. These
changes can lead to the development of left ventricular hypertrophy, coronary artery dis-
ease, various conduction system diseases, and systolic or diastolic dysfunction of the myo-
cardium, which manifest clinically as angina or myocardial infarction, cardiac arrhythmias
(especially atrial fibrillation), and congestive heart failure. Patients with angina have a high
tolerance for hypertension. Hypertension is an established risk factor for the development
of coronary artery disease, almost doubling the risk [1]. Transthoracic echocardiography
is especially helpful for an initial risk stratification, and identifies four key variables of
recognized prognostic value [2]: (1) left ventricular hypertrophy, especially of the concentric
type; (2) left atrial dilatation, often occurring in the absence of valvular heart disease or
systolic dysfunction and may correlate with the severity of diastolic dysfunction; (3) diastolic
dysfunction, common in hypertension, and usually, but not invariably, accompanied by left
ventricular hypertrophy [3]; and (4) systolic dysfunction (Table 31.1).

To the information provided by resting transthoracic echocardiography and stress
echocardiography adds critically important pathophysiologic, diagnostic, and prognostic
information.

31.2
Pathophysiology

Arterial hypertension can provoke a reduction in coronary flow reserve through several
mechanisms, which may overlap in the individual patient: coronary artery disease, left ven-
tricular hypertrophy, and microvascular disease [4] (Fig. 31.1). Abnormal coronary flow
reserve has been demonstrated in patients with essential hypertension, despite the presence
of angiographically normal arteries and the absence of left ventricular hypertrophy [5].
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Table 31.1 Rest and stress echocardiography for risk stratification in hypertensive
subjects with normal resting left ventricular function

Higher risk Lower risk

Resting echocardiography

LVH (g m?) >125 <125
LA (mm?) >4.5 <45
DD (grade) 2-3 0-1
RWT >0.45 <0.45
Stress echocardiography

WMA Yes No
CFR <2.0 >2.0

CFR coronary flow reserve, DD diastolic dysfunction (from 0 = absent to 3 = severe), LA
left atrial volume (in apical biplane view), LVH left ventricular hypertrophy (by ASE-cube
method), RIWT relative wall thickness, WMA wall motion abnormalities
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Fig. 31.1 Three main targets of hypertension: coronary artery disease (CAD), left ventricular
hypertrophy (LVH), and microvascular disease. All three of these conditions can provoke stress-
induced ST-segment depression and perfusion abnormalities, but only CAD evokes transient
dyssynergy. (Modified from [9])

This observation has been attributed to both the remodeling of vascular and extravascular
structures and to coronary hemodynamic alterations. The former includes remodeling of
intramural arterioles and interstitial fibrosis, and leads to a decreased density of vessels in
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the coronary microvasculature, whereas the latter is characterized by increased extravascular
compressive forces and elevated systolic and diastolic wall stress and impaired relaxation.
Coronary microvascular dysfunction in patients with hypertension is not necessarily
related to the presence or degree of left ventricular hypertrophy [6, 7].

31.3
Diagnosis of Coronary Artery Disease

The noninvasive diagnosis of coronary artery disease in hypertensive individuals is par-
ticularly challenging for the cardiologist, because the coexistence of hypertension dramati-
cally lowers the specificity of exercise electrocardiography and perfusion scintigraphy [8, 9].
Experience with diagnostic tests in these patients led to the frustrating conclusion in the
prestress echocardiographic era that “no non-invasive screening test has been found to
adequately discriminate between hypertensive patients with and without associated athero-
sclerosis” [10]. Furthermore, all exercise-dependent tests also show a markedly lowered
feasibility in hypertensive patients; severe hypertension during the resting condition is a
contraindication to exercise testing, and even in mild to moderate hypertension, the first
step of exercise can induce an exaggerated hypertensive response that limits effort toler-
ance [10]. Stress echocardiography tests have proven to have a higher specificity than ECG
[11, 12] or perfusion stress testing [13, 14], with a similar sensitivity (Fig. 31.2). In addi-
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Fig. 31.2 Histogram showing sensitivity, specificity, accuracy, negative predictive value (NPV)
and positive predictive value (PPV) of dipyridamole stress test with atropine (black bars) and
exercise thallium perfusion scintigraphy (white bars) for coronary artery disease detection in
hypertensive patients with chest pain and positive exercise test. EET exercise thallium perfusion
scintigraphy. (Modified from [14])
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Fig.31.3 Safety and tolerability profile of dobutamine stress testing in a large cohort of normo-
tensive (black bars) and hypertensive patients (white bars): all side effects are more frequent in
hypertensive subjects. (Modified from [15])

tion, pharmacological stresses have a significantly higher feasibility than exercise stress
testing [11], especially with vasodilator testing, which does not evoke the often limiting
hypertensive response that can be associated with dobutamine stress [15] (Fig. 31.3). The
exaggerated systolic blood pressure rise is also a frequent determinant of wall motion
abnormalities during exercise, lowering the specificity of the test [16]. Dipyridamole is
less vulnerable to false-positive wall motion abnormalities since there is little or no systolic
blood pressure rise during stress [17].

31.4
Prognostic Stratification

During stress, we have three signals of potential value in hypertensive patients: ST-seg-
ment depression, wall motion abnormalities, and coronary flow reserve. The pathophysio-
logical significance of stress-induced, ischemic-like electrocardiographic changes remains
uncertain [18]. This stress pattern is often found in these patients with normal coronary
arteries and hyperkinetic wall motion. The electrocardiographic changes may merely rep-
resent nonspecific, innocent alterations or may reflect true subendocardial hypoperfusion.
Such ischemic-like electrocardiographic changes occurring with angiographically normal
coronary arteries have been associated with a reduced coronary flow reserve [19], a higher
incidence of spontaneously occurring or stress-induced ventricular arrhythmias [20],
higher values of left ventricular mass index, and, when left ventricular mass is normal,
more pronounced structural and functional changes in systemic arterioles [21]. Regression
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of structural changes of systemic arterioles achieved with any form of antihypertensive
therapy is paralleled by the electrocardiographic negativity of a previously positive ECG
stress test result [22, 23].

As with microvascular angina, resting and stress echocardiography can be very helpful
for risk stratification in patients with chest pain and angiographically normal coronary
arteries. The prognostic value of stress-induced wall motion abnormalities is strong and
extensively documented. Hypertensive patients with inducible wall motion abnormalities
(with or without underlying coronary artery disease) are at higher risk than those without
[24-26] (Fig. 31.4). Within the subset with no wall motion abnormalities, patients with
reduced coronary flow reserve assessed with transthoracic echocardiography are at inter-
mediate risk (Fig. 31.5) and patients with neither wall motion abnormalities nor coronary
flow reserve are at lowest risk [27] (Fig. 31.6).

When compared to other stress imaging techniques with comparable prognostic value,
such as myocardial perfusion scintigraphy, stress echocardiography has three clear ad-
vantages: lower cost (approximately 1:3 compared with perfusion scintigraphy) [28, 29];
higher specificity (which is important to avoid a number of useless coronary angiogra-
phies) [13, 14], also maintained in challenging subsets such as patients with right bundle
branch block [30]; and, most importantly, lack of radiation exposure, ranging from a dose
equivalence of 500—1,500 chest X-rays for a stress scintigraphy with sestamibi or thallium,
respectively, or 700—1,500 chest X-rays for cardiac computed tomography [31-33]. These
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Fig. 31.4 The prognostic value of inducible wall motion abnormalities (WMA) in hypertensive
patients. (Modified from [24])
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The added prognostic value of CFR in patients without WMA
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Fig. 31.5 The prognostic value of reduced coronary flow reserve (CFR) in hypertensives (left panel),
and normotensives (right panel) with reduced coronary flow reserve. (Modified from [28])
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Fig. 31.6 Risk stratification in hypertensive patients based on the simple parameters: wall motion
abnormalities (WMA) and reduction in coronary flow reserve (CFR <2.0). Both parameters can be
identified during a single stress echocardiography test (“two birds with one stone”), more easily with
a vasodilator stress

aspects are especially important in our cost-conscious and risk-conscious era, in particular
if we consider that serial examinations are required in these patients since the results of a
negative test are no longer valid after 12-24 months, and every test adds cost to cost, dose
to dose, and risk to risk [34]. Stress echocardiography today appears to offer an advantageous
trade-off between the top priority of granting the optimal care for our patients with the
emerging need to optimize the economic and biological sustainability of our diagnostic
strategies [35] (Figs. 31.6 and 31.7).
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Fig. 31.7 The proposed diagnostic algorithm in hypertensive patients. Exercise electrocardiog-

raphy remains the most informative first-line test, because of the wealth of information (blood

pressure response, arrhythmias, exercise tolerance) provided beyond ST-segment changes. The
negative predictive value is high in patients with interpretable and normal ECG at rest. In pa-
tients with abnormal or equivocal stress ECG findings, and in patients with resting ECG abnor-
malities, a stress imaging test is indicated as a gatekeeper to coronary angiography
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