
230

According to the classical view, the cen-
tral function of coronary microcirculation
is to distribute blood flow to the myocardial
cells according to their need. The strict
matching between myocardial oxygen con-
sumption and coronary blood flow is war-
ranted by changes in microvascular tone in
turn finely tuned by local metabolism. This
classical concept is based on a large body
of evidence documenting the high oxygen
extraction even at basal conditions1, the
largely aerobic nature of myocardial me-
tabolism2, and the powerful vasodilating
property, among physiologic autacoids, of
substances derived from myocardial me-
tabolism1. According to this view, the pre-
cipitation of ischemia is necessarily associ-
ated with exhaustion of the compensatory
vasodilation of the distal microcirculation.

However, this oversimplified model
does not take into account that the mainte-
nance of tissue homeostasis also implies a
strict control of capillary pressure, as this is
a major determinant of water and solute
exchanges between plasma and tissue3.
This second control can easily come into
conflict with the need of increasing flow in
order to match increased oxygen demand.
As an example, decreased pressure down-

stream a severe stenosis is further lowered
by any increase in flow secondary to mi-
crovascular vasodilation. A third consider-
ation, not included into the original model,
is the fact that microcirculation in the heart,
as in other organs, reacts to a series of noxae
or local damages such as hemorrhage,
necrosis or infection addressing the re-
sponse to isolate and repair the damage.
These responses seem based on the interac-
tion between vessel wall and blood cells by
still largely undefined signals leading to the
activation of molecular pathways which in-
duce the adhesion of leukocytes and
platelets to the vascular wall and the extru-
sion of blood cells into the interstitium.

Thus, modulation of the coronary vas-
cular tone is operated by a variety of con-
trol mechanisms, aimed to tune capillary
pressure, to warrant energy supply, and to
protect the heart from damage. A detailed
description of the pathways and interac-
tions of these mechanisms is beyond the
aims of this paper. 

On the basis of the above considerations
it is reasonable to suppose that the different
controls on coronary microcirculation are
differently distributed along the coronary
tree4. The presence of vascular micro-
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It is now accepted that the precipitation of acute coronary syndromes and, mostly, of acute my-
ocardial infarction often occurs in patients who do not show critical stenoses. This and other findings
challenge the relevance of stenosis severity as a major pathogenetic determinant in ischemic heart dis-
ease. Thus, a large amount of research has been put forward to investigate further mechanisms, be-
sides changes in plaque burden and stenosis severity, associated with the precipitation of ischemia.
Among putative mechanisms, great attention has been paid in the last decades to the activation of the
atherosclerotic plaque and its complications, while only recently the interest has been focused on the
potential role of coronary microcirculation as a cofactor in many clinical manifestations of ischemic
heart disease. At present, the clinical evaluation of coronary microcirculation is hampered by a num-
ber of methodological limitations while the experimental models of coronary atherosclerosis and is-
chemic heart disease are still far from being satisfactory. As a consequence, although an involvement
of the coronary microcirculation has been suspected in a large number of clinical syndromes, its na-
ture and mechanisms still remain largely speculative.

The present paper will try to critically review theoretical and technical approaches to the study of
coronary microcirculation in ischemic heart disease with the aim at providing the reader with those
elements potentially helpful to his own judgment on the matter.

(Ital Heart J 2002; 3 (4): 230-236)



domains under the prevalent if not exclusive control of
different mechanisms enhances the global regulation of
flow and pressure allowing a perfect balance between
oxygen need and supply without altering capillary pres-
sure (under a variety of physiological conditions).

This concept has physiological and methodological
implications, in the interpretation of both normal and
abnormal coronary resistance. From a pathophysiologi-
cal point of view, alteration of one of the control mech-
anisms can exert profound effects on the others even
when their molecular pathways are preserved. For in-
stance, although atherosclerosis does not affect adeno-
sine-mediated vasodilation, the lack of the endothelium-
mediated vasodilation of the upstream vessels can pro-
duce a drop in the microcirculatory pressure below the
level necessary to maintain perfusion in some vascular
units and reduce the flow response to adenosine5. Thus,
an abnormal flow response to adenosine administration
not necessarily identifies an alteration at the site of its
primary action (adenosine-sensitive arterioles). 

The redundancy of control mechanisms has also sev-
eral implications in the methodology of studies dealing
with coronary microcirculation. As the direct visualiza-
tion of microvessels is precluded in patients, clinical
studies of microcirculation have mostly assessed inte-
grated parameters such as coronary blood flow, coro-
nary pressure and coronary resistance. Alterations in
one of the control mechanisms might not affect these in-
tegrated parameters. As an example, the increase in vas-
cular tone secondary to a reduction in nitric oxide avail-
ability can be associated with normal values of coronary
blood flow due to the compensatory vasodilation in
most distal vascular segments6. Similarly, microvascu-
lar obstruction in the setting of acute coronary syn-
dromes can be associated with even increased values of
resting perfusion despite the presence of active is-
chemia, as documented by experimental studies, show-
ing vasodilation of normal tissue by the spillover of
adenosine from the nearby ischemic tissue7.

Morphological study of coronary microcirculation

Histological examination of cardiac autoptic speci-
mens has represented the basic tool for the nosograph-
ic classification of a large variety of structural vascular
changes in human pathology8,9. However, in spite of the
fact that cardiac catheterization, cardiac surgery and
heart transplantation have widely expanded the oppor-
tunity for histological investigations, the information
obtained in humans by direct approaches has been so
far limited. Increased thickness of small arterioles has
been frequently reported in various diseases (vascular
hypertrophy)10, while histological signs of microvascu-
lar atherosclerosis have been only observed in particu-
lar forms of hyperbetalipoproteinemia11. Moreover
several authors reported the sporadic occlusion of mi-
crovessels, by platelet aggregates or microthrombi or

composite material. These findings have been general-
ly attributed to debris embolization from the athero-
sclerotic plaque12. Finally, in patients with previous
myocardial infarction, microvascular alterations have
been reported such as plexus or mesh of dilated small
arteries, as well as large capillary-like vessels13. How-
ever, these findings are likely nonspecific of the ather-
osclerotic process but rather secondary to myocardial
necrosis and fibrosis. Thus, it can be concluded that the
direct investigation of coronary microcirculation by
histology has not provided so far, beside vascular wall
hypertrophy, sufficient elements to the documentation
of autochthonous microvascular pathology. This con-
clusion could be different if the microvascular occlu-
sions were interpreted as a primary rather than sec-
ondary phenomenon. This crucial point will be dis-
cussed later on.

Indirect anatomical information on coronary
microarchitecture

Integrated information on the coronary microvascu-
lar anatomy can also be obtained indirectly by func-
tional rather than morphological approaches. Under
maximal vasodilation coronary blood flow is linearly
correlated with aortic pressure14. The slope value of the
correlation between flow (Y-axis) and pressure (X-ax-
is) reflects maximal conductance that is the inverse of
minimal coronary resistance. Thus the slope can be in-
terpreted as an index of the overall architecture of coro-
nary circulation. However, this interpretation holds on
the assumption that all vessels are perfused, i.e. closure
by tissue compression of otherwise anatomically nor-
mal vessels can be excluded. As the slope is function of
the resistance of the integrated system of large and
small vessels, in normal conditions it will mainly re-
flect microvascular minimal resistance, due to the small
contribution of large vessel resistance to the total value.
On the contrary, in the presence of coronary stenosis,
minimal microvascular resistance can be assessed only
if the pressure downstream the stenosis (distal coronary
pressure) is used to obtain the slope. 

To assess minimal coronary resistance in the clini-
cal setting is not an easy task14. The value of coronary
resistance is commonly obtained by the ratio between
aortic (arterial) pressure and the corresponding coro-
nary flow according to the equation 

F = P/R
where F is the mean flow, P is the mean aortic pressure,
and R the resistance. Using this equation, it is assumed
that the driving force moving flow into the coronary
circulation is the aortic pressure minus a negligible
right atrial pressure.

However, several studies demonstrated that zero-
flow pressure (the pressure at which the blood flow
ceases) is always higher than the right atrial pressure15.
In other words the linear correlation between flow and
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pressure during maximal vasodilation intercepts at a
positive value of pressure. On the basis of this observa-
tion, it has been hypothesized that the force moving
coronary blood flow might actually be the pressure gra-
dient between the aorta and myocardial tissue16. Thus
the pressure-flow relationship becomes:

F = (P - Pe)/R
where Pe is the tissue pressure. When P decreases at a
value equal to Pe in a critical segment of the vascular
tree the vessel collapses and flow stops.

Taking into account the above considerations, min-
imal coronary resistance should be calculated by using
multiple measurements of coronary blood flow at dif-
ferent values of arterial pressure. As a possible applica-
tion of this concept, changes in arterial pressure by ad-
ministration of vasoactive drugs or physical maneuvers
have been proposed17. Alternatively the analysis of
pressure-flow velocity relationship in a single diastole,
using phasic blood flow monitoring by Doppler
catheters has been proposed18. Unfortunately, both ap-
proaches are hampered by a number of limitations. The
difficulty of the first approach lies in the fact that the in-
terventions used for modifying arterial pressure may
per se affect coronary resistance directly or indirectly
through alterations of contractility, chamber size and
thus wall tension. To minimize this problem, the pre-
liminary autonomic blockade has been proposed, al-
though it adds complexity to the study protocol. On the
other hand, the single beat approach is strongly affect-
ed by vascular capacitance. In fact, as the intramyocar-
dial blood volume is squeezed during systole into the
coronary sinus and then restored during diastole, the
flow recorded at the inlet of the circuit during this time
reflects the refilling of the intramyocardial vascular
volume and, in a variable and unknown proportion, the
blood crossing the capillary network17,19. 

It is worthwhile to remind that flow, and thus resis-
tance, values vary according to the amount of tissue
perfused whose knowledge is frequently lacking. For
this reason attention must be paid in the interpretation
of changes in minimal resistance in the same patient in
different conditions or in different patients unless a
measure of specific flow (flow per unit mass of tissue)
is available.

Last but not least, the problem of the certainty of
reached maximal vasodilation should be considered.
Standard dosages of vasodilating drugs may be insuffi-
cient in some patients thus leading to incorrect conclu-
sion on anatomical resistance20. Due to this possible
drawback a dose response curve should be performed
when possible.

Functional study of coronary microcirculation

To evaluate microvascular function, the response of
myocardial perfusion to a variety of physical or phar-
macological stimuli is commonly assessed. Differently

from the evaluation of minimal coronary resistance,
this task can also be achieved without the measurement
of myocardial blood flow. In fact, in some instances,
the estimation of flow distribution throughout the my-
ocardial walls can provide useful information, mostly
when the response of this parameter to physiological or
pharmacological stimulation is tested.

Single-photon myocardial scintigraphy (SPECT),
positron emission tomography (PET) and more recent-
ly contrast echocardiography and magnetic resonance
imaging (MRI) can noninvasively assess coronary
blood flow. Characteristics and limits of each technique
will be shortly discussed. As a whole, by these tech-
niques the effect of coronary stenosis and/or microcir-
culatory alterations on perfusion cannot be dissected.
Thus perfusion alterations can be ascribed to microcir-
culation only if the interference of stenosis can be ex-
cluded. For this reason the study of microcirculation by
these techniques always requires the angiographic as-
sessment of the anatomy of large coronary vessels.

SPECT allows imaging of myocardial flow distrib-
ution although the estimate of flow in absolute terms is
prevented by this technique. Different is the case of
PET where, in addition to distribution, repeated mea-
surements of regional flow in ml/min/g of tissue can be
obtained. At present, PET is the only established non-
invasive technique able to provide such a crucial infor-
mation. Similar attempts with contrast echocardiogra-
phy and MRI although promising are still under evalu-
ation. With PET the two most commonly used flow
tracers are 13N-ammonia21 and 15O-water21,22. These
two tracers display an important difference: ammonia
is almost entirely extracted and trapped within the my-
ocardium; measurement of blood flow is obtained by
the analysis of its uptake. By contrast, 15O-water is a
freely diffusible indicator; measurement of blood flow
is based on the analysis of its wash-out. This difference
implies that while ammonia provides the average flow
in the interrogated myocardial volume, water provides
the value of flow in the perfused fraction of the interro-
gated volume. In other words, if flow within the volume
is markedly heterogeneous, water provides higher val-
ues than ammonia. Under resting conditions, the most
important cause of flow heterogeneity is the mixture of
fibrotic and viable tissue. However, we have recently
documented, confirming experimental evidence, that
the number of perfused vascular units is dependent up-
on perfusion pressure indicating that heterogeneity in
flow does not reflect heterogeneity in tissue anatomy
only23. Thus flow measures obtained by diffusible trac-
ers should always be regarded as possibly affected by
perfusion heterogeneity.

Contrast echocardiography is based on the intra-
venous injection of gaseous microbubbles that can be
visualized by ultrasounds during their passage in the in-
sonated organ. Recently, major advances have been
performed with new imaging modalities such as inter-
mittent imaging or second harmonic imaging able to
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improve the signal-to-noise ratio24. It is important to
underline that the echocontrast signal is related to the
blood microvascular content rather than to flow. Thus
the brightness of the contrasted myocardium reflects
the number of perfused vessels independently of their
flow. Accordingly contrast echocardiography has been
successfully used to detect the no-reflow in patients
with acute myocardial infarction, where the occurrence
of microvascular obstruction plays an important role.
However preliminary reports show the possibility of
measuring blood flow by assessing bubble appearance
time25. Although promising, the potential of contrast
echocardiography to reach the ambitious goal of mea-
suring both regional myocardial blood volume and
flow, remains to be established. Nevertheless the ad-
vantages of high spatial and temporal resolution, lack
of radiation exposure, the repeatability of contrast in-
jection and the possibility of simultaneously detecting
regional function and perfusion render this technique
particularly interesting for the study of microvascular
function.

In recent years there has been a growing interest in
the use of MRI for the clinical assessment of myocar-
dial perfusion26. The introduction of subsecond, MRI
pulse sequences allows the imaging of the heart within
a single beat. The acquisition of a dynamic series of
such images allows the first pass of an intravenously in-
jected bolus of contrast agent to be followed as it pass-
es through the heart cavities and the myocardial tissue.
The analysis of regional myocardial time-intensity
curves provides parameters related to myocardial per-
fusion although the possibility to quantify flow in ab-
solute rather than relative terms is still far from being a
reality. This dynamic approach has been successfully
used to evaluate myocardial perfusion in animals and in
normal humans as well as in patients with coronary
artery disease26,27. Finally, MRI also has the potentiali-
ty to measure flow velocity in the epicardial coronary
arteries and hopefully to visualize large coronary arter-
ies. The high spatial resolution and the possibility to
obtain information on both myocardial perfusion and
function are at present the major advantages of MRI in
the study of coronary microcirculation hampered how-
ever by the lack of quantitation of myocardial flow. 

By all the above imaging techniques microvascular
dysfunction can be deduced on the basis of perfusion
defects in absence of coronary stenosis. In this condi-
tion the administration of a vasodilating stressor is gen-
erally required to enhance the relative differences be-
tween left ventricular regions. However, a global mi-
crovascular dysfunction leading to a homogeneous re-
duction in vasodilating capability cannot be detected
unless the absolute measurement of myocardial blood
flow is possible, like is the case of PET28.

In patients with acute coronary syndromes, mostly
after revascularization, microvascular obstruction may
occur. Whatever the cause of this phenomenon (em-
bolization or autochthonous microvascular plugging)12,

the total absence of flow, although limited to minute
myocardial islands, produces a signal gradient suffi-
cient to be detected by high spatial resolution tech-
niques such as MRI29 and contrast echocardiography24

without the need for vasodilator stressors.

Studying microvascular function in regions
supplied by a stenotic artery

Stenosis opposites flow by adding a new resistance
to the coronary tree, proportional to the amount and
length of lumen reduction. When total coronary resis-
tance is measured, according to the approaches de-
scribed above, the relative contribution of stenosis and
microvascular resistances cannot be ruled out unless
one of the two is also measured. Several approaches
have been proposed to measure stenosis resistance
from its angiographic morphology, however they are
not sufficiently accurate for this purpose30. Conversely
more accurate appears the measurement of pressure
gradient across stenosis and the calculation of resis-
tance using the ratio between pressure gradient and
flow. Nowadays, this approach is made possible by the
use of very thin pressure wires able to cross even severe
stenosis without adding substantial resistance31. The
measurement of the input flow (by a Doppler catheter
advanced just in front of the stenosis) and the simulta-
neous measurement of aortic and distal pressure may
allow the simultaneous assessment of stenosis and mi-
crovasculature contribution to the total resistance. In
this setting, the use of the Doppler catheter, as com-
pared to the Doppler flow wire, has two major advan-
tages: 1) it makes it possible the selective administra-
tion of vasoactive substances into the target territory,
and 2) the input flow to the whole ischemic area rather
than to its most distal portion can be measured. 

Using this protocol design Marzilli et al.32 assessed
microvascular resistance during episodes of resting is-
chemia in patients with unstable angina and single ves-
sel coronary disease. In that study, microvascular resis-
tance during ischemia was almost 10 times higher than
the one that could be obtained following adenosine ad-
ministration. These data strongly support the view that
ischemia is not associated with maximal vasodilation
and that a “paradoxical” increase in resistance con-
tributes to its precipitation. 

With the same technique quite similar results were
also obtained in patients with chronic angina pectoris
and single vessel disease33. In these patients ischemia
was induced by atrial pacing tachycardia and was con-
sistently associated with a reduction in blood flow and
no significant changes in distal coronary pressure.
When adenosine was administered through the Doppler
catheter during pacing sustained ischemia, a marked
flow increase was observed associated in all patients
with a fall in distal coronary pressure and in several
cases with a reduction in ST-segment depression at
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ECG. Thus, selective vasodilation of the ischemic vas-
cular bed was followed by a reduction in microvascular
resistance and an amelioration of electrical signs of is-
chemia. Alpha-receptor blockade by phentolamine did
not affect this paradoxical vasoconstriction which, in-
stead, was fully prevented by angioplasty.

Altogether these data seem to indicate that a micro-
circulatory increase in resistance plays a role in the pre-
cipitation of ischemia and that this paradoxical re-
sponse is, in some way, triggered by the interaction be-
tween the hydraulic effects of epicardial stenosis and
microvasculature. Actually, several experimental data
already reported an increase in microvascular resis-
tance in models of prolonged ischemia by coronary
constriction34 or marked hypotension secondary to he-
morrhagic shock35. All these data contrast the classical
concept that metabolic regulation of myocardial perfu-
sion induces a maximal vasodilation under conditions
of restricted flow. Nevertheless, it should be considered
that the drop in pressure at the inlet of microcirculation,
due to stenosis, produces a series of readjustments in
microvascular resistance. A large literature suggests the
presence of an intrinsic control of vasomotor tone
aimed to maintain constant the pressure in the capillary
network as already discussed. A metabolic vasodila-
tion, in regions supplied by a severely stenotic coronary
artery, would imply a further fall in pressure that might
alter this equilibrium. Vasoconstriction in the down-
stream venules might maintain capillary pressure
through a homogeneous reduction in flow. However, is-
chemia is far from being a homogeneous phenomenon
as suggested by a variety of studies documenting the in-
crease in the heterogeneity of both flow and metabo-
lism35,36. Thus, resistance might increase in only a por-
tion of the arterial tree with the exclusion of some vas-
cular units while others might be perfused at normal
pressure and still maintain a flow reserve unmasked by
adenosine administration. 

This concept has important physiological and
methodological implications. As previously discussed
on the use of 13N-ammonia or 15O-water as flow tracers
with PET, in the presence of high heterogeneity, dif-
fusible indicators such as water or inert gases tend to
overestimate blood flow as their wash-out preferentially
trace the better perfused vascular units. This problem is
irrelevant when tracers trapped within the myocardium
such as microspheres, technetium labeled agents or am-
monia are used to assess the mean flow of the interrogat-
ed myocardium. Although this difference seems some-
what academic, it falls into clinical practice when the
pathophysiology of chronic dysfunction is considered.
In this setting, the mixture of fibrotic with normal viable
tissue highly contributes to heterogeneity. In agreement
with theory, measurements of flow with diffusible trac-
ers provide higher (normal) values with respect to meth-
ods using ammonia. Thus according to some methods
dysfunctioning myocardium is normally perfused while
according to others it is hypoperfused37,38. 

Along this line the possible existence of flow het-
erogeneity in apparently homogeneous conditions like
downstream a severe stenosis in the absence of previ-
ous myocardial infarction should also be considered.
To assess flow heterogeneity is a difficult task due to
the limited spatial resolution of the current imaging
techniques. Starting from the consideration that this
phenomenon cannot be realistically addressed by any
clinical imaging technique, whether confined at micro-
scopic level, we tried to overcome the problem by a
nonimaging although invasive approach. This was ac-
complished by the simultaneous measurement of both
total and specific coronary blood flow (flow per unit
mass of perfused myocardium) in a left ventricular re-
gion perfused by a severely stenotic coronary artery in
patients with stable effort angina and single coronary
vessel disease undergoing percutaneous coronary an-
gioplasty23. A Doppler catheter, positioned immediate-
ly upstream the stenosis, was used to measure total flow
while specific flow was obtained by the wash-out rate
of radioactive Xenon after its intracoronary injection.
Perfused myocardial volume before and after percuta-
neous coronary angioplasty was thus calculated as the
ratio between total and specific blood flow. Results
from this study documented that following coronary
angioplasty the perfused tissue fraction increased up to
6 times and was linearly correlated with the increase in
driving coronary pressure. Thus, in patients with coro-
nary stenosis a redistribution of microvascular resis-
tance and flow occurs that is dependent upon the pres-
sure drop in the coronary microcirculation.

Increased microvascular resistance in acute
myocardial infarction: the elusive role of
vasoconstriction

In the previous sections we focused on the clinical
evidence of increased microvascular resistance during
brief periods of ischemia and on the role of distal coro-
nary pressure on vascular recruitment even in the ab-
sence of ischemia. Studies on (total) coronary resis-
tance in acute myocardial infarction have been general-
ly limited to the reperfusion phase and its follow-up.
The frequent observation of persistent increased total
resistance following pharmacological or mechanical
reopening of the occluded coronary artery has been
generally attributed to suboptimal vessel recanaliza-
tion, to ischemia-reperfusion damage23 or to embolic
material14 and vasoconstrictive substances39,40 originat-
ed at the level of the atherosclerotic plaque. This radi-
cated view seems supported by the histological report
of microvascular plugs containing platelets, red and
white blood cells and lipids. On this basis, it has been
proposed that limiting platelet aggregation and throm-
bus formation might prevent microvascular emboliza-
tion thus reducing the extent of myocardial necrosis41.
This hypothesis has been confirmed by several studies
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on the use of the antagonists of glycoprotein IIb/IIIa in
coronary percutaneous interventions42,43. Although
these clinical results seem to support the view that pre-
vention of thrombus formation at the plaque level can
decrease microembolization, more recent experimental
evidence could question this interpretation and alterna-
tively suggests an autochthonous origin of microvascu-
lar occlusion. Increased expression of adhesion mole-
cules and in particular of P-selectin at the microvascu-
lar level has been documented in animal models of is-
chemia44, particularly in the presence of reduced en-
dothelial nitric oxide synthase activity45. Accordingly,
the use of P-selectin antagonists prevented microvascu-
lar plugging and reduced infarct size. These and other
experimental findings lead to the suggestive hypothesis
of a microcirculatory inflammatory response to is-
chemia and reperfusion responsible for both vasocon-
striction and mechanical obstruction of microvessels. 

Preliminary results from our laboratory, in patients
with unstable angina, seem to support this hypothesis46.
Using the Doppler catheter and pressure wire technique
to separately assess stenosis and microvascular resis-
tance it was shown that the administration of abciximab
had little effect on the stenotic arterial segment while
significantly reduced basal and postadenosine mi-
crovascular resistance. Moreover, abciximab abolished
microvascular vasoconstriction and myocardial is-
chemia induced by hyperventilation in the same pa-
tients. In another study in patients with acute infarction
undergoing primary angioplasty, Marzilli et al.47 pre-
treated with local administration of adenosine the is-
chemic myocardium immediately before recanaliza-
tion. As compared to the non-treated group, adenosine
markedly reduced the occurrence of no reflow and im-
proved functional recovery and outcome. The results of
this study strongly suggest that administration of drugs
that “target” coronary microcirculation can improve the
results of therapy in the setting of acute ischemic syn-
dromes. These findings however do not allow us to
draw any conclusion on the mechanism of action of
adenosine. On one side, it might prevent the microvas-
cular constriction observed in all clinical models of my-
ocardial ischemia through its vasodilatory effect on
small vessels. On the other side, it might inhibit P-se-
lectin expression in the ischemic myocardium with
beneficial effects on blood flow, contractile dysfunc-
tion and lactate uptake as recently documented in ani-
mal experiments44. This latter mechanism might repre-
sent an alternative or complementary interpretation of
the role of adenosine in acute coronary syndromes.

Altogether these data confirm that coronary micro-
circulation actively participates in the precipitation of
myocardial ischemia. However, the mechanisms under-
lying microvascular alterations are still largely unde-
fined. On the one hand a primary reaction to reduced
intravascular pressure, ischemia and myocardial dam-
age might occur; on the other a preexisting dysfunction
of the coronary microvascular tone, as described in re-

gions remote from stenosis or infarction perfused by
angiographically normal coronary arteries28,48,49 might
also play a role in the onset and evolution of ischemia.

Conclusions

Despite technical and conceptual difficulties in the
study of microcirculation, it seems well established that
microcirculation contributes to the pathogenesis and
outcome of acute and chronic coronary syndromes due
to either an inappropriate vasoconstriction or an in-
flammatory response to a variety of noxae, including,
but not limited to, ischemia and reperfusion. It is worth
to further explore these pathogenetic mechanisms as
microvascular dysfunction may become a new impor-
tant pharmacological target.
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