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Abstract:

There is growing evidence of the presence and relevance of coronary microvascular abnormalities in many cardiac diseases. In

particular, it has been recently shown that dilated cardiomyopathy (DCM) is characterized by dysfunction of the coronary

microvessels since its very early onset. Coronary microcirculatory dysfunction is not an effect of myocardial damage but seems in

turn to cause progressive contractile impairment, ventricular dilation and heart failure. The mechanisms of the progressive

deterioration of cardiac function in DCM are largely unknown but both myocardial hypoperfusion and myocardial ischemia at the

microvascular level are most probably involved. It has been demonstrated that the presence and the extent of coronary

microcirculatory dysfunction in patients with early stage DCM is an independent and relevant predictor of worse prognosis.

From these studies it is more and more evident that the coronary microcirculation is involved in the pathogenesis of DCM and should

be considered a new target of treatment in those cardiac diseases at risk to evolve towards heart failure.
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Introduction

Dilated cardiomyopathy (DCM) is a cardiac muscle

disease characterized by reduced contractile function

and dilation of the left or both ventricular chambers

[32].

Idiopathic DCM is frequent and distinct from spe-

cific forms of the disease caused by toxic agents ( i.e.

alcoholic cardiomyopathy), systemic (i.e. diabetic

cardiomyopathy) or other cardiovascular disorders

(i.e. ischemic cardiomyopathy) [32]. In the present

paper we will mainly refer to “idiopathic” DCM.

The incidence of DCM in Europe is 6.95/100,000

new cases a year [30], but this is a rough estimation

since there is a growing evidence that the course of

the illness is asymptomatic and difficult to recognize

for a long period [31]. DCM is a relevant cause of

morbidity for arrhythmia and heart failure and it is

diagnosed in about half of heart transplant recipients.

Though 20% to 45% of new cases demonstrate func-

tional recovery under appropriate treatment, the prog-

nosis remains severe with an average mortality of

20% at 5 years [9].

Because of the epidemiologic and prognostic rele-

vance of DCM, compared to the lack of definite

pathogenetic hypothesis, intensive clinical and experi-

mental research is on going to understand the mecha-

nisms of the disease. DCM is also an important clini-

cal model in which to test new treatments targeted to
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slow down or reverse the progression from initial

myocardial damage to ventricular dysfunction and

heart failure.

“Classical” pathogenetic hypothesis in DCM

Classical pathogenetic mechanisms in DCM include

genetic etiology, viral etiology and autoimmunity [35].

Genetic factors have a relevant role. In 20% to 50%

of patients familiar history of disease can be docu-

mented [1, 13]. However, familiar DCM is character-

ized by a great heterogeneity both in genetic transmis-

sion and in phenotype [21]. A single gene mutation,

encoding for proteins of the sarcomere or of the cellu-

lar skeleton, is the more direct pathogenetic mecha-

nism but is quite rare. Single nucleotide “polymor-

phisms” in genes encoding for relevant proteins in

cardiovascular regulatory systems (�-adrenergic re-

ceptors, Renin-Angiotensin system, Endothelin sys-

tem, etc.) have also been associated with the disease

severity, unfourable outcome and response to treat-

ment [5, 8, 14, 26, 28, 29].

Viral etiology and autoimmunity represent alterna-

tive pathogenetic mechanisms in DCM. According to

a recent hypothesis, the disease may develop in three

steps [19]. A virus causes direct myocardial insult,

elicites an autoimmune response which in turn pro-

motes progressive myocardial damage, ventricular di-

lation and heart failure. The hypothesis of an entero-

viral infection as an initial pathogenic cause in DCM

is supported by studies demonstrating the presence of

enteroviral RNA in the myocardial tissue in almost

50% of the examined patients [2] even if, in other se-

ries, this figure is highly variable (0–40%) [12, 38].

Other observations stress the importance of the im-

munological mechanisms. Circulating anti-heart anti-

bodies directed against antigens of potential func-

tional relevance as myocardial myosine [4], �-adrener-

gic receptors [18] and the ADP-ATP carrier on the mi-

tochondrial membrane [33] have been found in DCM

patients. Myocardial infiltrant lymphocytes are also

frequent in association with other markers of inflam-

mation. Whether this immunological and inflamma-

tory pattern, independently of the persistence of a vi-

ral RNA in the myocardium, may represent the evolu-

tion of an acute myocarditis is an open question [34].

DCM and coronary microvascular

dysfunction

The pathogenetic mechanisms described above may

be considered a leading cause of DCM only in the mi-

nority of patients in whom a clear genetic disease or

a viral myocarditis can be documented. Besides, even

in these patients, the same factors cannot entirely ac-

count for progressive cardiac dilation and heart fail-

ure. Other mechanisms should be necessarily in-

volved both in the genesis of the disease and in its

evolution.

Among these, a potential role for the coronary

microvasculature has been recently hypothesized

[17]. This hypothesis is consistent with common

clinical observation. Cardiomyopathic patients fre-

quently come to medical attention, before the occur-

rence of overt heart failure, because of chest pain

symptoms or ventricular arrhythmias. Regional wall

motion abnormalities are often observed and stress

perfusion scintigraphy may show resting and stress

induced perfusion defects [40]. Similar findings com-

monly suggest the presence of coronary artery steno-

sis, which will not be confirmed at cardiac catheteri-

zation in these patients, but abonormalities at the

coronary microvascular level might similarly be re-

sponsible of these observations.

In cardiomyopathies, alterations of the coronary

microvascular component may be secondary to the

structural and functional alterations of the myocar-

dium. In the presence of severe hypertrophy and/or

ventricular dilation and dysfunction different extra-

vascular factors may account for reduced myocardial

perfusion at the microvascular level: increase in myo-

cardial mass not adequately vascularized and of ven-

tricular filling pressure as in the hypertrophic cardio-

myopathy [6] or increase in wall stress as in advanced

DCM with hemodynamic impairment [15]. Moreover,

reduced contractile function may imply low energetic

demand and consequently a down regulation of myo-

cardial blood flow at rest [39].

More recent studies have shown that the coronary

microcirculation may be directly affected in cardio-

myopathies. In explanted hearts from patients with

end-stage heart failure due to DCM, myocardial blood

flow is severely reduced at rest independently of myo-

cardial fibrosis which does not involve more than

20% of the myocardial mass [27]. In hypertrophic

cardiomyopathy, as in hypertension, structural altera-
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tions of the microvessels, characterized by hypertro-

phy of the arteriolar wall, can be documented [20]. In

DCM similar structural abnormalities have never

been demonstrated, but many evidences exist in fa-

vour of functional abnormalities of the coronary micro-

vasculature.

Different clinical studies have demonstrated a clear

impairment of coronary endothelial function in DCM

[36] as part of a systemic alteration of the vascular en-

dothelium [10]. Endothelial dysfunction is able to

strongly limit the coronary vasodilatory response to

stress. This condition is potentially able to cause an

imbalance between myocardial oxygen demand and

blood flow delivery setting the “scene” for possible

myocardial ischemia.

A relevant question is if endothelial dysfunction

arises late in the natural history of the disease, as

a consequence of heart failure, or may occur earlier

participating to the progression of ventricular dys-

function towards heart failure. An answer to this

question comes from the study of patients with early

stage disease in whom the effects on the coronary

microvessels of hemodynamic impairment and of

heart failure induced neurohormonal activation are

minimized. Early stage DCM can be recognized by

echocardiographic screening in subjects referred to

cardiologists because of chest pain, palpitations, ECG

abnormalities such as ventricular arrhythmias or con-

duction defects. The presence of ventricular dysfunc-

tion and the exclusion of other cardiac and systemic

diseases allow the diagnosis of DCM, once normal

vessels have been documented at coronary angiogra-

phy [22]. The interesting observation is that up to

82% of these patients show reduced myocardial blood

flow, at rest and during metabolic and pharmacologi-

cal vasodilation, due to coronary microcirculatory

dysfunction. This finding has been recently obtained

by Positron Emission Tomography [23] but had been

already reported in advanced disease in the late 60’s

[16]. Moreover, the severity of flow abnormalities,

and hence of microvascular dysfunction, is able to

predict the evolution of the disease towards progres-

sive ventricular dysfunction and heart failure [24].

The prognostic relevance of coronary microvascular

dysfunction has been confirmed in other cardiovascu-

lar diseases such as hypertrophic cardiomyopathy [7]

and minimal coronary atherosclerosis [3].

According to these evidences, it is now hypothe-

sized that coronary microvascular dysfunction may

have a relevant role in the pathogenesis of heart fail-

ure possibly through progressive myocardial ischemic

damage. The hypothesis of “microcirculatory” ische-

mia as a cause of progressive ventricular dysfunction

in DCM has been suggested by recent studies. It has

been demonstrated that coronary vasodilatory capac-

ity may be both globally and regionally impaired in

DCM and that in those regions with severe flow ab-

normalities, glucose metabolism is increased and

aerobic metabolism decreased [25, 37] (Fig. 1). A simi-

lar pattern of flow-metabolism “mismatch”, reduced

myocardial perfusion and enhanced glucose metabo-

lism, in the presence of contractile dysfunction is the

distinctive marker of “hibernation” described in pa-

tients with coronary artery disease and heart failure

and represents the adaptation of the myocardial tissue

to chronic or repetitive ischemia [11]. These similari-

ties between DCM and classical ischemic heart dis-

ease strongly suggest that coronary microvascular

dysfunction might be able by its own to cause myocar-

dial ischemia and probably contribute to progressive

myocardial dysfunction. This fascinating hypothesis,

however, awaits for direct confirmative studies.

Clinical implications and conclusions

It is more and more evident that functional and/or

structural alterations of the coronary microcirculation

can be recognized in many diseases potentially able to
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evolve towards progressive ventricular dysfunction

and heart failure. These microcirculatory abnormali-

ties are independent of atherosclerotic lesions of the

large epicardial arteries or of abnormalities of the

myocytic and interstitial component of the myocardial

tissue. Altered microvessels are able to limit myocar-

dial perfusion and potentially cause myocardial ische-

mia. Moreover, they may also release substances that

in turn directly affect both the myocardial structure

and function.

Accordingly, coronary microvascular dysfunction

can be considered one of the pathogenetic mecha-

nisms involved in the evolution of ventricular dys-

function towards heart failure and have an independent

and relevant prognostic value even in the absence of

coronary artery disease [3, 24]. Hence, the coronary

microcirculation is a new therapeutic target in heart

failure and in progressive cardiac diseases such as

cardiomyopathies.

At present, there are no effective treatment strete-

gies able not only to antagonize neurohormonal acti-

vation and myocardial remodeling but also to improve

coronary microvascular function. Such an integrated

treatment could be particularly useful in those condi-

tions at risk of progressive ventricular dysfunction

and with documented coronary microvascular impair-

ment to prevent the evolution towards heart failure.

This field will be surely the matter of intensive re-

search in the next future.
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