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Coronary artery disease is the leading cause of mortality and morbidity in patients with
diabetes. Approximately one-half of deaths are attributed to coronary artery disease in
diabetic patients, whose risk of myocardial infarction or cardiac death is two- to fourfold
greater than in nondiabetic patients [1]. Moreover, cardiac events are as frequent in
diabetic patients without evidence of coronary artery disease as in nondiabetic patients with
known coronary artery disease [2]. Recent studies with electron beam computed tomogra-
phy have shown that subclinical atherosclerosis is common in patients with diabetes, and
studies with myocardial perfusion scintigraphy (with single-photon emission tomography)
or stress echocardiography have demonstrated that between 25 and 50% of asymptomatic
diabetic patients have ischemia during exercise or pharmacological stress and that a substan-
tial proportion of these patients go on to develop major cardiovascular events within several
years [2, 3]. The increased risk associated with diabetes calls for effective prevention and
risk stratification strategies to optimize therapeutic interventions [3]. Clearly, asymptomatic
diabetic patients include a subset of individuals at high risk of cardiovascular disease who
would benefit from improved risk stratification beyond that possible with risk factor
scoring systems alone [4]. Exercise testing is of limited value in the diabetic population
because exercise capacity is often impaired by peripheral vascular [5] or neuropathic disease
[6]. Furthermore, test specificity on electrocardiographic criteria is less than ideal because
of the high prevalence of hypertension and microvascular disease [7]. Stress imaging, and
in particular stress echocardiography, can play a key role in the optimal identification of the
high-risk diabetic subset, also minimizing the economic and biologic costs of diagnostic
screening, since stress echocardiography costs three times less than a perfusion scintigraphy
and is a radiation-free technique without long-term oncogenic risks [8].

32.1
Pathophysiology

Diabetes mellitus can provoke cardiac damage at four levels: coronary macrovascular disease,
autonomic cardiomyopathy, diabetic cardiomyopathy, and coronary microvascular disease
(Fig. 32.1). These syndromes are rarely found in isolated form in individual patients, but
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Fig.32.1 The four aspects of damage in the diabetic heart: autonomic neuropathy, diabetic cardiomy-
opathy, coronary microangiopathy, coronary macroangiopathy. The four pathways — albeit pathoge-
netically distinct — cross-talk. For instance, microangiopathy may codetermine neuropathy — through
vas nervorum involvement — and at the coronary level, may impair coronary flow reserve, amplifying
the impact of an epicardial coronary artery stenosis

more often overlap and potentiate each other. In particular, diabetes mellitus induces coro-
nary structural [9] and functional [10, 11] microvascular abnormalities, which are associ-
ated with coronary endothelial dysfunction and impairment in coronary flow reserve, even
in the absence of epicardial coronary artery disease [12]. In young subjects with uncompli-
cated diabetes, there is a marked coronary microvascular dysfunction in response to adeno-
sine infusion (primarily reflecting aberrant endothelium-independent vasodilation) and to
the cold pressor test (primarily reflecting endothelium-dependent vasodilation) [13].

32.2
Diagnosis of Coronary Artery Disease

The coronary microangiopathy component can amplify the effects of coronary macroan-
giopathy, which is a major complication of diabetes. Coronary, cerebral, and peripheral
vascular diseases are the causes of death in 75% of adult diabetic subjects. The coexistence
of epicardial coronary artery stenosis with microangiopathy can explain the low specificity
of perfusion imaging compared to stress echocardiography in the detection of coronary
artery disease in asymptomatic (and symptomatic diabetic patients [14-21]). In fact, the
typical behavior of microvascular disease during stress testing is the frequent induction
of ST-segment depression and perfusion abnormalities, with true reduction in coronary
flow reserve without regional or global wall motion changes [8]. In practical terms, this
means that in patients with normal baseline ECG results, the negative predictive value
of a maximal exercise ECG is satisfactory, but in all patients with positive or ambiguous
ECG and/or chest pain findings, a stress echocardiography test is warranted. In diabetic
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patients, stress echocardiography has shown a higher specificity than perfusion imaging
but suffers from a higher rate of false-positive results, possibly due to the coexistence of
cardiomyopathy in many patients [21].

32.3
Prognostic Stratification

Risk stratification of diabetic patients is a major objective for the clinical cardiologist, given
their increased risk for coronary artery disease [1]. Resting echocardiography is already
important for this purpose, since there is a distinct “cardiomyopathy cascade” (Fig. 32.2)
with higher risk levels — and higher degrees of cardiomyopathic involvement — identified
by left atrial dilatation [22], diastolic dysfunction [23], and impaired longitudinal function
[24], which all may coexist with normal ejection fraction [25].

Stress echocardiography has shown powerful risk stratification capabilities in diabetics.
In patients with overt resting ischemic cardiomyopathy, the presence of myocardial viability
recognized by dobutamine echocardiography independently predicts improved outcome
following revascularization in nondiabetics as well as in diabetic patients following revascu-
larization [26]. Also in patients with normal resting left ventricular function, a clear refine-
ment of prognosis can be obtained with stress echocardiography, first and foremost on the
basis of classical wall motion abnormalities [27-32], which place the patients in a high-risk
subset for cardiovascular events (Fig. 32.3). The incremental prognostic information pro-
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Fig.32.2 Cardiomyopathy cascade. In the sequence of events, changes in diastolic function and alter-
nations in longitudinal function of the left ventricle (such as reduction in mitral annulus plane systolic
excursion by M-mode or reduction in systolic velocity by myocardial tissue Doppler or strain rate
imaging) precede by years or decades the reduction of ejection fraction. (From [25])
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Fig. 32.3 Kaplan—Meier event-free survival curves in diabetics (/eff) and nondiabetics (right). In
patients without scar and inducible wall motion abnormalities, the prognosis is excellent in nondiabet-
ics, but still poor in diabetics in whom a better stratification is needed. (From [33])

vided by stress echocardiography is highest in patients with intermediate-to-high threshold
positive exercise electrocardiography test results [33]. However, in diabetic patients — differ-
ently from nondiabetic subjects — a negative test result based solely on wall motion criteria
is associated with less benign outcome in the presence of diabetes [32] (Fig. 32.3). In these
patients, coronary flow reserve evaluated simultaneously with wall motion during vasodila-
tion stress testing by transthoracic Doppler echocardiography adds independent prognostic
information [34] (Fig. 32.4). In particular, a normal coronary flow reserve off therapy is
associated with better and similar survival both in the diabetic and nondiabetic popula-
tion. Explanations for reduced coronary flow reserve in the absence of stress-induced wall
motion abnormalities include mild-to-moderate epicardial coronary artery stenosis, severe
epicardial artery stenosis in presence of antiischemic therapy, and severe microvascular
coronary disease in presence of patent epicardial coronary arteries [34].

32.4
The Diagnostic Flow Chart in Diabetics

The general diagnostic flow chart in diabetics (both symptomatic and intermediate-to-high
risk asymptomatic) can be summarized as in Fig. 32.5. After the exercise stress test, a stress
imaging test is often warranted. In the literature, strategies based on perfusion imaging (with
thallium or sestamibi) have been proposed, even in guidelines and in young or middle-aged
women. For instance, the Swiss Society of Endocrinology-Diabetology recommends screening
for coronary artery disease for diabetic patients with two or more additional cardiovascular
risk factors, and the recommended test for screening is either stress echocardiography or
myocardial perfusion imaging [35]. Nearly 10 years ago, the American Diabetes Associa-
tion recommended exercise tolerance testing alone in asymptomatic patients with two or
more coronary artery disease risk factors or an abnormal resting electrocardiogram. How-
ever, the recommendation is not based on hard evidence but rather is the consensus of an
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Fig.32.4 Kaplan—Meier survival curve event rate for diabetic and nondiabetic patients with coronary
flow reserve (CFR)>2 or <2, normal resting echocardiography, and negative stress echocardiography

by wall motion criteria. (From [34])
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Fig.32.5 The diagnostic flow chart in diabetics for recognition of coronary artery disease
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expert panel. The recognized finding that 10—-15% of asymptomatic diabetics indeed have
coronary artery disease have led to proposing stress imaging for a more effective risk strati-
fication [36]. However, the economic and long-term risk burden is especially important due
to recent accumulation of suggestive evidence that percutaneous coronary revascularization
may not provide additive benefit to intensive medical management in patients with stable
coronary artery disease [4]. Therefore, we currently recommend that testing for atheroscle-
rosis or ischemia be reserved for those in whom medical treatment goals cannot be met and
for selected individuals in whom there is strong clinical suspicion of very-high-risk coronary
artery disease [4]. Even in these individuals, techniques with substantial radiation exposure
— albeit recommended by authorities — such as myocardial scintigraphy or cardiac computed
tomography should be used with great wisdom and prudence, and stress echocardiography
is by far a more sustainable option [8]. The information obtained with the two different ap-
proaches is more or less the same for the physician, but certainly not for the patient and socie-
ty, since small individual risks multiplied by a million examinations translate into significant
population risks [37]. The radiation dose is 500—1,500 chest X-rays for every scintigraphy or
50-1,500 chest X-rays for each cardiac computed tomography scan. The long-term risk of
cancer for these procedures is not insignificant (1 in 500 for a single thallium scan), higher
in women (1 in 350 for a 35-year-old woman) and cumulative: every test adds dose to dose,
risk to risk, and cost to cost. In addition, patient acceptance of testing is higher when no
radiation exposure is involved [38]. The issue of economic and biological sustainability is es-
pecially important in diabetic patients, since the results of testing are thought to no longer be
valid after 12—18 months and serial examinations are regularly needed in these patients [39].
The same diagnostic efficacy can be achieved with stress echocardiography, if possible with
combined wall motion and coronary flow reversible assessment simultaneously evaluated
with a single stress (a “two birds with a stone” approach). Patients with wall motion abnor-
malities are at high risk and should be referred to coronary angiography for ischemia-driven
revascularization. Patients without wall motion abnormalities and after reduction in coronary
flow reserve are at intermediate risk and should be treated aggressively with tight metabolic
control, maximal antiischemic therapy, and a more frequent follow-up by noninvasive stress
testing [32]. Patients with neither wall motion abnormalities nor reduction in coronary flow
reserve are at low risk and can be managed conservatively. These approaches will optimize
the quality of screening for coronary artery disease but at the same time minimize the costs
and the radiation burden of a diagnostic “carpet bombing” still of questionable benefit in
asymptomatic diabetes.
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