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Experienced cardiac surgeons are aware that the intramyocardial por-
tions of the coronary arteries are rarely affected by arteriosclerosis. This
is a striking and reliable finding in the operating room that is present
even when the preceding and subsequent segments of the arteries are
diseased. The present review describes the published evidence of embry-
ological, anatomical and physiological differences between intramyocar-
dial coronary arteries and their epicardial counterparts. Possible

mechanisms of these differences are explored, and hypotheses are
advanced as to how one may capitalize on these differences to provide
better diagnosis and treatment of coronary artery disease. The absence of
vasa vasorum in the intramyocardial coronary arteries appears to play a
major role in their protection from arteriosclerosis. Fully understanding
this peculiar phenomenon — the sparing of the intramyocardial coronary
arteries — would be one giant step closer to unlocking the remaining
mysteries of arteriosclerosis in general.
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Any experienced cardiac surgeon knows that the intramyo-
cardial portions of the coronary arteries are invariably
spared from arteriosclerosis. This process is most striking in the
circumflex and left anterior descending artery systems. In the
circumflex marginal branches, the arteriosclerotic process
‘magically’ disappears as the vessel dives under a few muscle
fibres (Figure 1). At this level, the vessel becomes soft, thin-
walled and completely disease-free. This constant finding is
underappreciated by those who do not handle coronary arteries
on a daily basis, and it may have important implications in
both the diagnosis and treatment of coronary artery disease. To
understand why the intramyocardial coronary arteries are
spared from arteriosclerosis, we must first explore the differen-
ces between intramyocardial and epicardial coronary arteries
(Table 1). We will compare and contrast the respective seg-
ments of the arteries with regard to their embryology, internal
environment, external environment, physical forces encoun-
tered and the morphology of the vessel wall. We will also sug-
gest ways that these differences can be exploited for both the
diagnosis and treatment of coronary artery disease.

HISTORY

The first detailed study that described the intramyocardial por-
tions of the coronary arteries was published by Geiringer in
1951 (1). It was in this paper that the term ‘mural’ coronary
artery was coined. In this autopsy study, Geiringer clearly noted
that the intramyocardial portions of the coronary arteries are
less thick-walled than the epicardial vessels, and are free from
arteriosclerosis. He also noted a lack of vasa vasorum within
the mural coronary arteries. As described below, these findings
may underlie the contrasting picture between the intramyocar-
dial disease-resistant and the nearby epicardial disease-prone
portions of the coronary arteries.
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Figure 1) Transition from arteriosclerotic to normal coronary artery
at the myocardial artery

EMBRYOLOGY

The coronary arteries and their walls do not form as outgrowths
from the aorta. It appears that the endothelium of the coronary
arteries forms in situ, and the media and adventitia are derived
locally from the pericardial mesoderm. These coverings then
migrate inward to invest the coronary artery endothelium (2).
If this migration is incomplete, the intramyocardial coronary
arteries may have a different structural makeup. This may
begin to explain the disparate behaviours of mural and epicar-
dial coronary arteries.

To illustrate this point, Aikawa et al (3) measured the com-
position of three isoforms of vascular smooth muscle myosin
heavy chains, termed SM1, SM2 and SMemb (the embryo-
logical form), within the walls of coronary arteries in various
stages of development and arteriosclerosis. Paradoxically, the
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TABLE 1

Fundamental differences between epicardial and
intramyocardial coronary arteries

Coronary arteries

Characteristic Epicardial Intramyocardial

Investing tissues Adipose Muscular

External support None Substantial, so lower
level of physical stress

Wall thickness Thicker Thinner (<0.035 mm)

Vasa vasorum Yes No

Embryology: Embryological Present Absent

isoform of smooth muscle
myosin heavy chain (SMemb)

level of the embryological form (SMemb) tends to increase with
advancing age and worsening arteriosclerosis. Interestingly,
SMemb is absent from the intramyocardial portions of the cor-
onary arteries. Thus, an embryological contribution to resistance
from arteriosclerosis cannot be discounted. The other possibility,
of course, is that as a coronary artery is exposed to stress, the
smooth muscle fibres ‘regress’ to a more embryological state.

INTERNAL ENVIRONMENT

If the mural coronary arteries were exposed to different levels
of blood concentration, oxygenation, pH, lipids or inflamma-
tory mediators than their epicardial counterparts, it could
explain the difference in propensity for arteriosclerosis.
However, disease-free intramyocardial segments are often
juxtaposed between two arteriosclerotic epicardial segments.
Thus, this explanation is unlikely.

EXTERNAL ENVIRONMENT
The mural coronary arteries are, by necessity, surrounded by
myocardium. The epicardial coronary arteries are surrounded
largely by adipose tissue that recent evidence suggests may play
either a pro- or anti-inflammatory role through paracrine sig-
nalling (4,5). Further work will be required to elucidate the
specific role of this tissue.

PHYSICAL FORCES
Temperature
Significant temperature differences between mural and epicar-
dial coronary arteries are unlikely to exist in the absence of
inflammation, although this has not been well studied.

Pressure and stress

Here, significant differences are well established. Robicsek and
Thubrikar (6) measured the intramyocardial pressure at differ-
ent levels of the myocardium in a canine model. Using a modi-
fied version of the law of Laplace, they demonstrated that the
intramyocardial coronary arteries undergo significantly lower
levels of mural stress, in both the linear dimension (shear
stress) and the circumferential dimension (hoop stress). They
and other authors have clearly demonstrated a direct correla-
tion between level of mural stress and development of arterio-
sclerosis (7).

THE VESSEL WALL
As demonstrated by Geiringer in 1951 (8), and reinforced on
a daily basis by those who routinely perform coronary artery
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surgery, the intramyocardial coronary arteries have thinner
walls than the epicardial coronary arteries. The most likely
reason for this is the difference in stresses described above. It
is probable this simple difference decreases the propensity for
arteriosclerosis of the mural coronary arteries. Because the
walls are so thin, oxygen and nutrients freely diffuse to supply
the intima, media and adventitia. In coronary arteries, once a
critical wall thickness of 0.035 mm is attained, the formation
of vasa vasorum begins. These events rarely occur with mural
coronary arteries (8).

Epicardial coronary arteries, on the other hand, very com-
monly attain this critical thickness. In normal epicardial cor-
onary arteries, vasa vasorum are present in the outer media and
adventitia. As endothelial stress occurs, the arteries become
thicker and more metabolically active. The underperfused cells
begin to elute inflammatory mediators, growth factors and pro-
teases that increase the production of vasa vasorum (9).

The importance of vasa vasorum in the pathogenesis and
complications of coronary artery disease cannot be overstated.
As early as 1855, Rokitansky (10) suggested that vasa vasorum
were important in the development of arteriosclerosis. In fact,
subsequent evidence indicates that these new vessels are neces-
sary for arteriosclerosis to exist (11). They are involved in the
progression of arteriosclerosis (12) and prevention of their for-
mation prevents arteriosclerosis (13).

Not only are vasa vasorum not normally present in such
numbers and locations within the coronary artery walls, they
are also abnormal vessels (14). They do not respond to regula-
tory signals in the same way that normal vessels respond (15).
They are thin-walled and prone to rupture. A rupture creates a
focal hematoma, leading to further inflammation and perpetu-
ating the arteriosclerotic process, or causing plaque rupture and
consequent vessel occlusion (16). Their thin walls may also
make them excellent conduits for the transfer of lipids into an
atherosclerotic plaque. They are also rich in leukocyte adhesion
molecules, which promote extravasation of leukocytes into the
plaque, thereby further promoting inflammation (17).

These coronary artery vasa vasorum are both harbingers and
participants in the arteriosclerotic process, and as such, should
be considered pathological. We therefore propose the term
‘pathological vasa vasorum (PVV)’ to describe them.

CLINICAL IMPLICATIONS
The intramyocardial coronary arteries serve as an example of
how arteries can remain free from arteriosclerosis, even in the
face of an aggressively arteriosclerotic milieu (cholesterol,
smoking, family history, etc). For treatment of arteriosclerosis,
work has begun toward limiting vasa vasorum production to
slow the arteriosclerotic process (13). Early results have been
encouraging. Work has also been performed to create a limited
stress environment for vein grafts, similar to those that
intramyocardial coronary arteries enjoy, by surrounding the
grafts with external stents (18). This procedure has shown
promising results and should be further pursued.

Finally, many modalities are being studied to identify
pathological vasa vasorum in vivo (19,20). As yet, these stud-
ies have not reached the level of precision required to plan
operative intervention; however, progress is being made. The
ideal study would be safe, noninvasive (ie, noncatheter-based),
rapid, relatively inexpensive and capable of demonstrating
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which arteriosclerotic lesions are most likely to require inter-
vention and, based on objective data, what intervention will
be required. To do so, the study must demonstrate the walls
(including the level of neovascularization via vasa vasorum)
and luminal details of coronary arteries, and be of surgical
roadmap quality.
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