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n humans, most frequently, the larger con-
ductive coronary arteries (and veins) run sube-
picardially and are visible on the surface of

the heart, on gross inspection. Only in some ani-
mal species and occasionally in humans, proxi-
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Summary

The subject of MB’s of the coronary arteries is
typically discussed in the literature on the basis
of unusual, but alarming and critical presenta-
tions. We propose an update of the currently
available concepts and information focusing on
the fact that a comprehensive understanding of
such a frequent congenital anomaly needs to
openly account for its apparent compatibility with
normal function, for most of the life of the patient.
Recent observations in clinical cases included
the use of pressure-wire, Doppler flow-wire, in-
travascular ultrasound imaging. Each new meth-
od introduces additional diagnostic signs, which
are characteristic of MB’s. Unfortunately, we re-
main with great uncertainties as to the reasons
why a specific clinical event (myocardial infarc-
tion, ventricular fibrillation, sudden death, typi-
cally) occurs. As a consequence, even though
both interventional cardiologists and cardiovas-
cular surgeons have perfected effective inter-
ventions to correct the (systolic) compression of
the affected coronary artery, both the indication
to intervene and the proof of effectiveness are
still quite incomplete.

Key words: Coronary muscular bridge. Doppler flow-wire. Intravascular ultrasound imaging.
Palabras clave: Puente muscular coronario. Doppler de flujo. Ultrasonido intravascular.

mal coronary arteries are observed to deepen into
the myocardium for a variable tract.1 Angiogra-
phically, such event is diagnosed by the systo-
lic phasic compression of a coronary segment or
the milking effect.2 Such anomalous course of a

Resumen

“PUENTE MUSCULAR” CORONARIO:
¿TRATAMIENTO PARA UNA ANOMALÍA BENIGNA

O PARA UN DEFECTO PELIGROSO?

En la literatura médica el tema de puente mio-
cárdico de coronarias está discutido típicamen-
te, en el contexto de presentaciones clínicas in-
usuales, severas y alarmantes. En este artículo
revisamos los conceptos actuales en el tema, con
la idea fundamental de que una presentación
adecuada de esta frecuente anomalía congénita
coronaria debe de tener en cuenta que ella es
comúnmente compatible con función normal car-
díaca en gran parte (o toda) la vida de un pacien-
te. Recientes adelantos diagnósticos han involu-
crado el uso de hilo de presión, Doppler de flujo
y ultrasonidos intravasculares. Cada uno de es-
tos nuevos métodos introduce signos diagnósti-
cos nuevos, que son característicos de esta enti-
dad. Desafortunadamente quedan grandes in-
certidumbres sobre las causas específicas de
eventos clínicos en la vida de un determinado
portador de puentes musculares (infarto, arritmias
ventriculares, muerte súbita, etc.). Como conse-
cuencia, aun si el cardiólogo intervencionista y
el cirujano cardiovascular han perfeccionado ins-
trumentos eficaces y simples para corregir el
defecto (compresión sistólica), sea las indicacio-
nes a intervenir, sea las pruebas de eficacia son
todavía muy incompletas.
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coronary artery is also called myocardial or mus-
cular bridge (more properly, it should be called
“coronary underpass”) and it is observed more
frequently in humans at the junction of the proxi-
mal to the mid segment of the left anterior des-
cending branch of the left coronary artery, but it
has also been described in all the other coronary
branches, even though less frequently.
In humans, authors have reported a 25-85% in-
cidence of MB’s as investigated by anatomic
inspection with or without techniques of micro-
dissection.1,3 Clinically, MB’s are diagnosed by
coronary angiography, whose sensitivity is clear-
ly augmented by the administration of vasodila-
tors (especially nitroglycerin) and myocardial
inotropic agents (like isoproterenol or dobuta-
mine), but decreased by purely tone-enhancing
agents (ergonovine or neosynephrine).3

Quite consistently, MB’s are more frequently en-
countered in patients with hypertrophic idiopathic
cardiomyopathy, especially those with subaortic
stenosis.1,3 Acquired hypertrophy (as in senile aor-
tic stenosis or hypertension) does not seem to be
equally accompanied by increased incidence of
MB’s.3 In a general population submitted to coro-
nary angiography, the incidence of MB’s is bet-
ween 0.15 and 5% (depending especially on tech-
nical factors like the administration of nitroglyce-
rin and the diagnostic criteria that were used).4

Functionally, there are no consistent clinical
manifestations of MB’s, but several cases of MB’s
have been presented in the literature or observed
by clinicians, as accompanied by chest pains,
dyspnea, myocardial infarction, ventricular arr-
hythmias and/or sudden death.4

During stress testing, most typically neither che-
st pain, nor EKG changes, nor especially myo-
cardial reversible scintigraphic deficit of the de-
pendent territory are encountered, but anecdotal
exceptions have been presented in the literature
(because they are rare).4,5 Recently both pressure
wire (subselective pressure monitoring during
adenosine challenge), intravascular ultrasounds
imaging and intravascular Doppler flow measu-
rements have been used to characterize mascular
bridges. Typically, MB’s are accompanied by
mild decrease in coronary flow reserve.6-8 Intra-
vascular ultrasound imaging reveals either a pat-
tern of lateral flattening (parallel to the epicar-
dial plane) or concentric narrowing, in deeper
MB’s7 (Fig. 1). Deep MB’s frequently are accom-
panied by a characteristic halo, called “half
moon” sign, probably an artifact due to catheter
compression (Fig. 1). Doppler wire recordings
typically feature a characteristic decrease or re-
versal in systolic flow, with increased early peak
velocity and mean diastolic flow: the “spike and
dome” sign.6,8

Fig 1. (A, B). Diastolic (A) and systolic (B) IVUS images of a left anterior descending coronary artery; which
showed a 50% diameter stenosis in systole at coronary angiography. The systolic cross-sectional luminal area
is 2.7 mm2, whereas the diastolic is 5.4 mm2 (50% area stenosis). In A, the characteristic “half moon” sign
(arrows) is present.14

(Diastole) (Systole)
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The discussion is still open regarding the asso-
ciation of MB’s and increased coronary spasti-
city (inside the affected segment).9 Most likely,
only occasional patients do have elective, en-
hanced spasticity at ergonovine or acetylcholi-
ne testing, with or without an accompanying cli-
nical history of Prinzmetal angina.10

Recently, a group of Japanese investigators ca-
rried out quite a precise and sophisticated study
of the endothelial function in MB’s.11 This group
concluded that the increased shear stress found
at MB’s could lead to both a peculiar elongation
of the endothelial cells (spindle, in place of po-
lygonal in shape) at this level, while examined
on election scanning microscopy,12 and drama-
tic changes in the expression of vasoactive
agents. Namely, the expression of endothelial
nitric oxide synthase, endothelin-1 and angio-
tensin converting enzyme are clearly decreased
at the muscular bridge, as identified by immune
histochemical techniques.11 The authors sugges-
ted that such findings relate to the substantial
absence of arteriosclerotic changes at the level
of MB’s, in contrast with increased amount of
the same changes of the edges of the MB’s (espe-
cially at their proximal one).11 Considering the
possibility that one of the mechanism involved
in the causation of clinical events in carriers of
MB’s could be spasm, the above-mentioned new
observations of endothelial dysfunction could
be quite relevant. In MB’s carriers, who present
with acute myocardial infarction angiographic
findings sometimes mention the presence of lu-
minal thrombosis, which could also be the like-
ly consequence of endothelial dysfunction.3,4

Concluding such brief review of the pathophy-
siological mechanism possibly involved in cli-
nical manifestations of MB’s, we can summarize
that the likely mechanisms are either systolic
compression of the MB’s segment with a redu-
ced coronary reserve (but in a degree that is not
able to cause clinically important or resting is-
chemia), or enhanced spastic tendency or intra-
vascular thrombosis.
How frequently (and why?) does a muscular brid-
ge become symptomatic? The simple, indirect
evidence provided by the fact that such conge-
nital anomalies are widely recognized as com-
patible with a normal function, both in animals
and in humans, tend to suggest that generally
MB’s are a benign, frequent anomaly that does
not require treatment. On the either side, the re-
current presentations of exceptional case repor-

ts in the literature should advice a prudent and
rationale attitude, open to the possibility that
indeed some patients, either by congenital fea-
tures of particular severity of the MB’s, or by
acquired complicating conditions, could beco-
me threatened at a certain stage of their life.4,10

The cardiologist should then be alert to the spe-
cific features of an individual presentation and
should carry out careful diagnostic studies in
such cases at the times of the acute events, and
compare them to the ones in patients with simi-
lar angiographic features but without clinical
symptoms.
If a muscular bridge at the end of the diagnostic
process, should come to be considered as invol-
ved in the causation of symptoms and/or of a
grave prognosis, interventions are available, but
they should not be considered as a routine indi-
cation for any muscular bridge. Both stent an-
gioplasty and surgical treatment have been con-
sidered and employed effectively in MB’s. Stent
angioplasty is particularly interesting because,
in the scenario of a relatively simple procedure,
it has demonstrated in a few anecdotal cases that
both symptoms of angina tend to resolve and
coronary hemodynamics normalize.12-15 Similar-
ly, surgery of unroofing (resecting the muscular
bridge) and aortocoronary bypass have again
being reported in small series or individual case
reports to cure effectively angina presentation.
Both kinds of interventions have their potential
limitations. A few reports are already in the litera-
ture mentioning the risk of coronary rupture, fo-
llowing stent implantation.16 Possibly, such
unusual complications is due to unsuspected over-
sizing of the vessel, which may be smaller than
the reference diameter, at the muscular bridge
(hypoplasia). Additionally, stents inside MB’s
reportedly have an increased restenosis rate.16 The
event seems to be particularly frequent when the
deployed stent does not cover totally the muscu-
lar bridge. Internal mammary arterial bypass is
usually preferred to vein grafting, especially in
young patients, but its use suffers from an increa-
sed rate of failure due to the absence of a signifi-
cant baseline stenosis, which may lead to graft
failure as it prevents the establishment of fistulo-
us flow.18 Unroofing of deep MB’s (the ones that
most typically require intervention) is usually
uneventful but it may cause perforation into the
ventricular cavity (typically the right).18 This is a
tracherous complication, especially when surgery
is carried out without extracorporeal circulation.19
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In summary, MB’s seem to continue to present as
a complex and frequently confusing subject in
cardiology. While most of them seem to consti-
tute an innocent anatomic variant, some indeed
may cause clinical repercussions by different,
generally difficulty-to-prove mechanisms. Inter-
ventions are uncertain in their indications and
not routine in their executions or results. In ge-
neral, it should be recognized that the simple

findings of a muscular bridge in patients presen-
ting with chest pain, nor those who present with
sudden death, are not by themselves proof of a
casual relationship. The most urgent task for the
cardiologic community is to devise diagnostic
tests capable of reproducing clinical events (ty-
pically, angina) while allowing to establish an
experimental condition, which documents ob-
jectively ischemia.
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