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The myocardial bridge (MB) is a common anomaly of the coronary tree, very often clinically
silent. The artery typically involved is the left anterior descending in its proximal and/or
middle portion. MB can cause ischaemia with various mechanisms, directly proportional to
the degree of compression of the intra-myocardial tract, which impairs the coronary flow.
It is a dynamic phenomenon that is affected by the adrenergic tone and is therefore often
brought by physical exercise. MB, when symptomatic, often begins with angina from exer-
tion; some patients have more severe conditions such as unstable angina or myocardial in-
farction. Coronary vasospasm related to MB-induced endothelial dysfunction can explain a
number of cases that come to observation even with catastrophic pictures such as ven-
tricular fibrillation caused by ischaemia. The diagnostic workup includes the non-invasive
study using computed tomography angiography and the invasive study of the haemo-
dynamic impact using pressure and Doppler guides. In symptomatic cases, drug therapy
with a beta-blocker is enough to manage angina. When it fails, there is the option of cor-
onary angioplasty or surgical treatment techniques.

The myocardial bridge (MB) is a common anomaly, gen-
erally benign, characterized by the presence of myocar-
dial fibres (the actual bridge) that run above an
epicardial coronary artery, whose tract under the muscle
fibres is called intra-myocardial or tunnelled. In general,
MB is found occasionally on coronary angiography or cor-
onary angiography and is asymptomatic. However, it can
cause angina or be the substrate for acute coronary
events. Since the prevalence of these abnormalities is
very high and the clinical spectrum is broad, this condition
still represents a challenge for the cardiologist to date.

Epidemiology

MB is a very common anomaly, which can be found in
more than 30% of the population, based on autoptic
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studies.” Coronary computed tomography (CT) angiog-
raphy (cCTA) has good sensitivity, as shown by the preva-
lence of about 20% reported in the literature with this
method, not far from post-mortem data.? Coronary angi-
ography has a much lower sensitivity, which we will ex-
plain later (2-6% of patients studied). MB mainly
concerns the left anterior descending coronary artery
(LAD) in its proximal or middle portion; the circumflex
and right coronaries are more rarely involved.3

Pathophysiology

The amount of myocardial fibres that runs above the ar-
tery makes it possible to distinguish between superficial
(1-2 mm of myocardial) and deep (>2 mm of myocar-
dium) bridge; this distinction is relevant because the
depth is proportional to the compression exerted in sys-
tole: the superficial bridges are typically asymptomatic.*
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MB has historically been considered a benign entity be-
cause coronary perfusion occurs in diastole, while the
compression of myocardial fibres with alteration of
flow in the tunnelled tract occurs in systole. During exer-
cise, the increase in cardiac inotropism and heart rate,
on the one hand, rises the compression exerted on the
intra-myocardial tract, slowing the rapid proto-diastolic
coronary flow phase, and, on the other hand, reduces the
relative time of diastole itself, increasing the possibility
of inducing ischaemia. There is also a ‘steal’ mechanism
to the detriment of the collateral branches that originate
from the tunnelled tract: the increased flow velocities
that are generated when the blood crosses the segment
compressed in tele-systole/proto-diastole lead to a
drop in pressure in the collateral branches due to the
Venturi effect; hence, the longer the intra-myocardial
tract is, the more it is possible to have ischaemia of
the collaterals emerging from the affected segment.
This phenomenon, which is typically observed in the sep-
tal branches, explains how it is possible to observe is-
chaemia of the septum even in the presence of normal
perfusion of the distal territories of the left anterior des-
cendant (cardiac apex).

Spontaneous coronary dissection should also be con-
sidered, a rare event that can occur due to stresses on
the intima of the tunnelled tract.

The presence of MB has been related to the develop-
ment of atherosclerosis, with a mechanism that probably
acts on shear stress, the stress generated on the vascular
walls by the flow of blood: the reduction of shear stress
can favour endothelial dysfunction and atherosclerosis;>
the systolic interruption of the flow alters its laminarity
by reducing the shear stress upstream of the tunnelled
section; on the contrary, shear stress is greater on the in-
tramyocardial segment due to the increased flow veloci-
ties. Therefore, the presence of MB could favour
atherosclerosis in the tract immediately upstream of
the intra-myocardial segment, while the latter would
be spared.® The relative distance between the epicardial
adipose tissue and the tunnelled tract could also reduce
the arrival of pro-inflammatory signals and cells involved
in atherosclerosis;’ in the same way, the compression ex-
erted by the MB, favouring lymphatic drainage, could in-
crease the local clearance of leukocytes. The onset of
intra-myocardial tract vasospasm may explain why previ-
ously asymptomatic patients develop symptoms.®
Similarly, the appearance of obstructive atherosclerosis
in the segment upstream of the MB accentuates the pres-
sure drop downstream of the same; the development of
left ventricular hypertrophy makes the supply-demand
imbalance more likely and reduces the reserve of the
microcirculation, compressing it.

Clinical presentation

As mentioned earlier, MB is an anatomic variant often de-
void of any clinical impact. In an attempt to classify it,
Schwarz analyzed a cohort of 157 patients with MB on
the LAD, with pain, and without obstructive coronary ar-
tery disease and categorized them into three groups:

Group A composed of patients who had no documenta-
tion of inducible ischaemia and who did not need treat-
ment; Group B composed of the patients with
documentation of ischaemia on non-invasive tests, and
Group C had alterations documented with Doppler or
intra-coronary pressure guides. In these last two groups,
due to the refractoriness of anginal symptoms despite
beta-blocker therapy, some patients (24) required stent
implantation during follow-up.® On analyzing a series of
patients undergoing coronary angiography, it was found
that patients with MB tend to be younger, smokers, and
with a lower prevalence of the classic risk factors for ath-
erosclerotic disease.'? Patients with MB may experience
angina or equivalent angina or manifest ischaemic
changes on the exercise ECG in the absence of symptoms.
Rarely, MB is associated with the acute coronary
syndrome (ACS) with a mechanism linked to vasospasm
or atherosclerosis upstream of the tunnelled tract.
However, the majority of people with MB-related ACS
experience unstable angina (troponin negative) rather
than myocardial infarction. This could be linked to vaso-
spasm, thus explaining the high prevalence of smokers in
MB patients who eventually need coronary angiography.
More rarely, MB can be responsible for myocardial infarc-
tion and normal coronary artery (MINOCA). In a recent
work, the presence of MB was in fact a risk factor for
MINOCA with adjusted odds ratio (OR) equal to 3.28,
95% confidence interval (Cl; 2.34; 4.61) P<0.001."
Similarly, in 310 patients with myocardial ischaemia in
the absence of coronary artery disease (both MINOCA—
acute and NOCAD—stable ), including 53 (17.1%) with
MB, an acetylcholine (ACh) test was performed: the pres-
ence of MB was an independent predictor of positivity to
ACh for epicardial vasospasm (documented in 97% of
cases at the MB level; hazard ratio, 2.57; 95% Cl, 1.24-
5.33; P=0.011); it is noteworthy that patients with
positive ACh and MB tests showed a significantly higher
re-hospitalization rate for unstable angina than patients
with one or none of these two characteristics [major car-
diovascular events (MACEs) 28.6 vs. 5.7—0%]."? It should
be emphasized that, in this cohort of patients, those who
had documentation of MB but were negative for the ACh
test did not show any event during follow-up.'? This high-
lights how the pathophysiology of MB is complex: indeed,
it is due to the interaction among anatomical variant, pa-
tient characteristics, and trigger factors.

Diagnostics

The most classic examination with which the MB can be
highlighted is coronary angiography; however, the diag-
nosis can be missed easily given the dynamic nature of
this anomaly and its variability with the autonomic and
haemodynamic settings. The classic criterion for defining
the presence of a significant MB is a reduction of the vas-
cular lumen on coronary angiography of at least 70% in
systole with persistence of compression >35% in meso-
tele diastole. These parameters make coronary angiog-
raphy an insensitive examination for the diagnosis of
MB: the use of intra-coronary nitrates increases the
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degree of systolic compression, thus increasing the sensi-
tivity of the examination. In the literature, a more sensi-
tive criterion for angiographic diagnosis is sometimes
used, which requires only the systolic reduction >50% of
the coronary diameter. The diagnosis can be corroborated
by invasive imaging such as intravascular ultrasound
(IVUS) or optical coherence tomography (OCT). The first
of the two methods provides a precise estimate of the de-
gree of compression exerted by the MB, allowing the
measurement of the minimal luminal area (MLA) and pro-
vides the pathognomonic image of a ‘crescent,’ a hypere-
choic arc that partially surrounds the coronary artery and
which seems to be due to myocardial fibres overlying the
lumen itself; OCT, due to the high speed of withdrawal,
does not allow to appreciate the cyclical nature of systol-
ic-diastolic compression, thus potentially being less in-
formative than IVUS. What should be emphasized is that
neither coronary angiography nor IVUS nor OCT provide
functional information on MB that can correlate with is-
chaemia. Hence, other invasive investigations are needed
such as the study of the coronary reserve by pressure guid-
ance with hyperaemic [fractional flow reserve (FFR)] or
non-hyperaemic [instantaneous wave-free ratio (iFR)]
method. This last approach appears more suitable, in the-
ory, because the analysis is performed in the diastolic
phase of the cardiac cycle, thus excluding perturbations
that occur in systole by the MB, which can make the FFR
measurement unreliable.”® Not surprisingly, iFR is more
sensitive in documenting obstructive MB than FFR. It
should be noted that the use of intracoronary nitrates, ad-
enosine, and dobutamine can facilitate the diagnosis by
reproducing a haemodynamic condition that is similar to
physiological stress, unmasking significant diastolic gradi-
ents, detectable with pressure guides.

As an alternative or complementary to the invasive
methods described earlier, MB can be studied with non-
invasive imaging (see Figure 1). The pivotal approach is

cCTA, with which the finding of MBs reaches high preva-
lences (in some reports, it reaches almost 50% of pa-
tients).™ In accordance with the pathophysiological
premises set out earlier, only the deepest (>2 mm)
and longest (>25 mm) bridges documented with this
method seem to have the potential to create ischaemia,
while the majority of those documented on cCTA are not
accompanied by ischaemia and/or symptoms. The clas-
sic search methods of ischaemia such as single-photon
emission computed tomography (SPECT) and stress
echocardiogram are usable and provide valuable infor-
mation. A review of the diagnostic methods is pre-
sented in Table 1.

Prognosis and treatment

The management of patients with symptomatic MB is
poorly codified: each case must be evaluated on its
own, based on the anatomical characteristics of the
anomaly, the clinical picture, and the comorbidities.
Key information is the presence or absence of anginal
symptoms or equivalent and of ischaemia: in the absence
of these two elements, the prognosis of MB is reasonably
good: it could not be otherwise, given the enormous
prevalence of this anatomical variant; for this same rea-
son, the strict Italian regulations of the Organizational
Committee for Cardiology for Sport Fitness (COCIS), in
the 2017 revision, suggest careful for patients with
cCTA finding of the MB longer than >10 mm and deep
>3 mm: in the absence of symptoms and if SPECT does
not document inducible ischaemia (or FFR negative on
coronary angiography) there are no contraindications
to even strenuous agonistic activity. However, annual re-
assessment is recommended as there is, as illustrated
above, the possibility that symptoms and/or inducible is-
chaemia appear over the years. To support the prognosis

Symptomatic myocardial
bridge

invasive procedures

Anatomical assesment

intra-coronary

iFR FFR

Doppler

"crescent"
sign

Fingertip

iFR <0,85
phneomenon

FFR <0,75

non invasive tests

coronary CT I CTFFR stress stress
angiography || echocardiography SPECT/PET
_____ I

r

1 >1 mm of Dyskinesia of

1 myocardium CT FFR <0.75 the IVS with segmentary

normocontractil
e apex

I overlying the perfusion defect

artery

Hypointense
contour with

systolic

compression

FFR: fractional flow reserve; iFR: instantaneous wave-free ratio; IVUS: intravascular ultrasound; MRI: nuclear magnetic resonance; OCT: optical coherence tomography;
MB: myocardial bridge; SPECT: single photon emission tomography; PET: positron emission tomography; CT: computed tomography

Figure 1

Overview of diagnostic tests that can be used for the study of MB.
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Continued

Table 1

Functional
information

Cons

Pro

Diagnostic criteria

Type of test

Yes

« Limited spatial resolution (sub-endocardial

¢ Functional evaluation of the MB

Defects of segmental perfusions during stress
e Accessible

PET

defects)
« Requires injection of radioactive drug

Yes

« Limited spatial resolution (sub-endocardial

¢ Functional evaluation of the MB

o Accessible

Segmental hypokinesia during stress

Stress

defects)
» May require ultrasonic contrast medium

¢ It has no anatomical value

» Gadolinium exposure

echocardiogram

Yes

¢ Functional evaluation of the MB

Sub-endocary segmental hypokinesia during stress

Cardiac MRI

FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; IVUS, intravascular ultrasound; MRI, nuclear magnetic resonance imaging; OCT, optical coherence tomography; MB, myocardial bridge; SPECT,

single-photon emission tomography; PET, positron emission tomography; CT, computed tomography.

of MB there are data on a cohort of patients with hyper-
trophic cardiomyopathy in which as many as 11.4% had
documentation of the anomaly on coronary angiography:
MB does not seem to have had an impact on prognosis at a
median follow-up of 4.2 years." Similarly, no fatal
events were observed at the 5-year follow-up in
Schwartz’s series.® However, it is important to distin-
guish patients who present with ACS, in whom it is im-
portant to evaluate the role of the MB and to exclude
local complications such as dissections and vasospasm;
if not recognized and treated, the risk of fatal events
in these patients with unstable presentation exists and
could explain the presence in the literature of patients
with MB who suffered sudden death.® It should be borne
in mind that the relationship between mortality and MB
lacks clear confirmation: the most recent meta-analysis
on the subject showed that in patients with MB vs.
non-MB, an OR for MACEs) is equal to 1.53 (1.01-2.30, P
<0.001). The result, with a Cl that borders on identity,
is undermined by the heterogeneity, small size, and pau-
city of information of the 21 studies used in the ana-
lysis.17 Furthermore, for the cardiovascular death, no
significant correlation was found."”

A therapeutic option (see Figure 2), in case of symp-
toms, is drug therapy as the first mandatory step.
Beta-blockers are the historically preferred class due
to their ability to reduce inotropism, thus decreasing
compression on the tunnelled tract, and to increase dia-
stolic flow by reducing the heart rate. The reduction of
sympathetic tone is also a class effect that is particularly
useful in this clinical setting. The use of non-
thienopyridine calcium antagonists is common, due to
both a contraindication to the beta-blocker and evidence
of vasospasm. Nitrates are to be used with caution be-
cause they can exacerbate perfusion problems due to
the pressure drop of the coronary vessels adjacent to
the MB with an increase in retrograde flow; they can
also trigger reflex tachycardias. Finally, the correction
of risk factors for atherosclerosis, with particular at-
tention to smoking, must be strictly applied, even in
asymptomatic patients, due to the increased risk of
atherosclerosis and vasospasm that could be con-
nected to the presence of MB."8

In the case of failure of drugs in achieving good control
of symptoms and/or ischaemia, the next step is coronary
angioplasty [percutaneous coronary intervention (PCl)]
or surgery. Before proceeding invasively, a careful ana-
tomical evaluation using cCTA is, however, essential.

The implantation of drug-eluting stent within the tun-
nelled segment has the rationale of preventing systolic
compression on the intramyocardial tract itself.
Obviously, there are no trial data that have examined
the impact of PCl vs. a more conservative approach.
The previous studies report complications related
to the stent, in particular, due to incomplete coverage
of the tunnelled tract (a problem that can be solved by
stimulation with dobutamine to observe the real exten-
sion of the bridge before implantation), the stent frac-
ture, or the coronary perforation. It should be
considered that classic complications related to the
stent, such as thrombosis and restenosis, could be
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CABG: coronary artery bypass graft; CAD: coronary artery disease; PCl: percutaneous coronary intervention

Figure 2 Algorithm for the treatment of MB.

favoured by the compression forces that are exerted on
the stent itself and by the risk of malaposition connected
to the coronary artery without atherosclerotic pathology
and/or with marked vasoreactivity that can lead to
underestimate its real calibre; the failure and reopera-
tion rate therefore appears to be higher than the rate
of PCl performed on atherosclerotic plaque,®' and so
treatment has to be intended only for drug-refractory
cases. Surgical revascularization is a valid alternative
to PCl; however, in the literature, it is known how the
use of arterial graft, typically the left internal mammary
artery (LIMA), for the bypass of bridges of the LAD, is bur-
dened by a very high rate of long-term failures. The hy-
pothesized mechanism is that of the competitive flow
coming from the native artery, which interferes with
the patency of the arterial graft; the proof of this is
the fact that patients in whom atherosclerotic stenosis
coexists upstream of the bridge have a much higher
rate of LIMA patency than patients without concomitant
obstructive coronary artery disease.Z’ A further possibil-
ity offered by surgery is the myectomy of the bridge it-
self, an operation that aims to restore normal anatomy.

It is not recommended for particularly deep (>5 mm)
and long (>25 mm) bridges.

Conclusions

The MB is a disease with a very broad clinical spectrum,
generally asymptomatic for the entire life of the patient.
The high prevalence, especially with increasingly used
diagnostic methods [cCTA and cardiac magnetic resonance
(CMR)], makes the MB an entity with which the cardiologist
must likely deal. Symptomatic cases must be managed
carefully, especially if with unstable presentation, using
an invasive approach, which can confirm or exclude the
haemodynamic impact of the MB. The treatment of cases
refractory to medical therapy appears feasible with PCl,
possibly followed by surgery in the case of failure of the
percutaneous approach. The absence of randomized trials
and shared diagnostic protocols constitute a knowledge
gap, to be filled in the years to come to be able to give clear
answers to a rapidly increasing number of patients.

Conflict of interest: None declared.
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