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Background Myocardial bridge (MB) is the most common inborn coronary artery variant, in which a portion of myocardium overlies a
major epicardial coronary artery segment. Myocardial bridge has been for long considered a benign condition, although it
has been shown to cause effort-related ischaemia.

...............................................................................................................................................................................................................
Case summary We present the case of a 17-year-old female patient experiencing chest pain during physical activity. Since her symptoms

became unbearable, electrocardiogram and echocardiography were performed together with a coronary computed tom-
ography scan, revealing an MB on proximal-mid left anterior descending artery. In order to unequivocally unmask the is-
chaemic burden lent by MB, the patient underwent coronary angiography and physiological invasive test: instantaneous
wave-free ratio (iFR) and fractional flow reserve (FFR) were calculated, both at baseline and after dobutamine infusion
(5 mg/kg/min). At baseline, iFR value was borderline (= 0.89), whereas after dobutamine infusion and increase in the heart
rate, the patient suffered chest pain. This symptom was associated with a decrease in the iFR value up to 0.77.
Consistently, when FFR was performed, a value of 0.92 was observed at baseline, while after inotrope infusion the FFR
reached the haemodynamic significance (= 0.79). Therefore, a medical treatment with bisoprolol was started.

...............................................................................................................................................................................................................
Discussion Our clinical case shows the importance of a comprehensive non-invasive and invasive assessment of MB in young patients

experiencing chest pain, with significant limitation in the daily life. The coronary functional indexes allow to detect the
presence of MB-derived ischaemia, thus guiding the decision to undertake a medical/surgical therapy.
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Learning points
• Myocardial bridge (MB) is a rare but possible cause of ischaemia, especially in young patients without significant atherosclerotic burden.

Therefore, it should be systematically ruled out in special population of individuals.
• A multidimensional approach, including invasive physiological assessment of MB is crucial to evaluate the clinical relevance of this variant,

thus guiding the most appropriate therapeutic pathway (medical/surgical).
• An accurate diagnostic assessment and therapeutic optimization of MB might have a fundamental impact on symptoms and quality of life.
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Primary Specialties involved other
than cardiology:

Sports Medicine, Cardiac Surgery, Radiology, Pneumology.

Introduction

Myocardial bridge (MB) is the most common inborn coronary artery
variant in which a portion of myocardium overlies a major epicardial
coronary artery segment (tunnelled artery). Myocardial bridge is a
condition that in the majority of cases (70–98%) involves the left an-
terior descending artery (LAD).1 Myocardial bridges have been docu-
mented from 40% to 80% of autopsy reports and from 1.5% to 16%
of invasive angiographic series.2 Thus, giving the wide range reported
in the literature, the true prevalence of MB is uncertain, especially in
special population of patients (i.e. athletes3). Myocardial bridge can
be classified into profound (>2 mm) and superficial (<_2 mm) accord-
ing to the depth of the tunnelled segment beneath the epicardial sur-
face.4 The clinical relevance of an MB is heterogeneous, being usually
an accidental finding in asymptomatic patients, while rarely is the
cause of effort-related chest pain or ventricular arrhythmias. The cor-
rect diagnosis of an MB, followed by the clinical assessment and the
risk stratification is particularly appropriate when dealing with profes-
sional and semi-professional athletes, exposed to maximum psycho-
physical stress during their performances.

We present a case of a young female patient with MB, who
reported chest pain during training on exertion.

Timeline

Case presentation

A 17-year-old Caucasian female patient presented oppressive chest
pain and dyspnoea during physical activity.

The onset of symptoms occurred in December 2016, when
the patient started practicing competitive basketball in youth
tournament, involving a substantial increase in workload. Since
then, for a period of 24 months, the patient underwent several
clinical and instrumental exams there were not considered
conclusive.

Therefore, the patient was referred to another centre with a
suspicion of pericarditis and subsequently exercise-induced
asthma. Unfortunately, both treatment with high-dose non-ster-
oidal anti-inflammatory drugs and therapy with long-acting beta-
agonist and steroids did not induce any clinical and symptomatic
improvement. Therefore, a psychogenic aetiology was also
considered.

Progressively, the chest pain threshold decreased and pain
appeared during low-intensity effort. So, in April 2019, she was
referred to the Sports Medicine Unit at our institution.

The baseline electrocardiogram (ECG) documented sinus brady-
cardia (56 b.p.m.) without atrioventricular conduction irregularity
nor repolarization abnormalities (Figure 1).

A 24-hour ECG monitoring evidenced uncommon sinus tachycar-
dia phases, two supraventricular extrasystoles, one ventricular extra-
systole but no anomaly of ST-segment, despite the patient
experienced chest pain during physical activity (Figure 2).

A transthoracic echocardiogram showed normal systolic and dia-
stolic function, normal origins of coronary arteries, normal size of
atrial and ventricular chambers, with mild prolapse of the anterior
leaflet of the mitral valve (Figure 3A–C).

December 2016
• Oppressive chest pain 

during physical ac�vity, 
with progressive 
decrease of the anginal 
threshold

2017-2018
• Misdiagnosis (1): 

pericardi�s ->  high-dose 
NSAIDs not effec�ve

• Misdiagnosis (2): exercise-
induced asthma -> LABA + 
ICS not effec�ve

• Misdiagnosis (3): 
psychogenic illness

April 2019
• Transthoracic 

echocardiogram (TTE):  
mild prolapse of the 
mitral valve, normal 
mo�on and dimensions

• Cardiopulmunary 
excercise test (CPET): 
chest pain at the stress 
peak

September 2019
• Coronary angiography 

with invasive func�onal 
assessment: 
hemodinamically 
significant stenosis at 
maximal flow 

April 2019
• Coronary computed 

tomography angiography 
(CCTA): MB evidence 
involving  proximal LAD
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.During cardiopulmonary exercise test, chest pain and dyspnoea
arose at 60 W load [Heart rate (HR 123 b.p.m.)], forcing her to stop
at 120 W work load (HR 171 b.p.m.). Concurrently, the oxygen con-
sumption was blunted as peak Vo2 amounted to 27.1 mL pro kg (82%
of theoretical), thus representing an impairment in aerobic exercise
capacity. Mild repolarization abnormalities to ECG were recorded
during this phase (Figure 4A–C).

Considering the mismatch between symptoms and non-invasive
diagnostic findings, a coronary computed tomography angiography
(CCTA) was performed and revealed a segmental (34 mm) intra-sep-
tal course anomaly of the proximal-mid portion of LAD, mainly
arranged along the epicardial portion of interventricular septum, with
maximum depth of 17 mm (Figure 5).

Therefore, in order to verify whether the computed tomography
scan findings could be responsible for symptoms and exercise limita-
tion, she was hospitalized for the invasive functional assessment of
the MB.

The coronary angiography confirmed the MB on LAD. As such,
the patient underwent functional intracoronary evaluation through
pressure guidewire, with instantaneous wave-free ratio (iFR) assess-
ment both at baseline and after dobutamine infusion (5mg/kg/min).
Fractional flow reverse (FFR) at rest and after dobutamine and atro-
pine intravenous infusion was also recorded.

At baseline (HR 86 b.p.m.), iFR value was 0.89 (Figure 6A) (normal
range: iFR >_0.90), whereas after 5 min of dobutamine infusion it was
0.82 (HR 111 b.p.m.) and the patient experienced chest pain
(Figure 6B). After 9 min, iFR values reached 0.77 (HR 140 b.p.m.) with
persistence of angor (Figure 6C). Thus, the functional assessment at
maximal flow and higher HR was indicative of haemodynamic signifi-
cance of MB.

Similarly, FFR at rest was 0.92 (normal range: FFR > 0.80), while
after dobutamine and atropine infusion it was 0.79 with patient
reporting angor (Figure 6D). Moreover, the iFR pullback demon-
strated a remarkable drop upstream the MB, so that iFR value was
0.53 (Figure 6E).

In conclusion, the patient was discharged from the hospital in good
general conditions and a choice was made to proceed with a medical
treatment strategy with low-dose b-blockers (i.e. bisoprolol 1.25 mg
qd). The compliance to therapy was optimal and the patient did not
suffer from any side effect. To date, at 12 months of follow-up visit,
the patient reports a partial clinical benefit, as the increase in anginal
threshold allows her to carry out daily activities, though being forced
to detraining.

Recently, an accurate cardiosurgical assessment was carried out to
evaluate the feasibility of surgical unroofing of the MB. The severity of
MB phenotype, in terms of length and depth, implies a complex

Figure 1 Baseline electrocardiogram.

‘A bridge over troubled water’ 3



Figure 2 Twenty-four-hour electrocardiogram monitoring.

Figure 3 Transthoracic echocardiogram: normal origins of coronary arteries (A), normal size of atrial and ventricular chambers (B), normal systolic
and diastolic functions (C).

4 D. D’Amario et al.



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..unroofing procedure. However, it is reasonable to assume that surgi-
cal treatment is the only option that may allow our patient to grab
the basketball again.

Discussion

Myocardial bridge has been considered for long a benign condition,
mostly found incidentally in asymptomatic patients, but nowadays its
clinical relevance is still matter of debate. The milking effect, consist-
ing in the compression of the tunnelled artery, occurs only in systole,
when the myocardial perfusion is limited (15%). Nevertheless,
patients who have MB as their only cardiac abnormality may present
symptomatic or silent myocardial ischaemia, along with acute coron-
ary syndrome5 due to coronary spasm,6,7 thrombosis,8 and coronary
dissection,9 which are all sporadic complications of the MB.

The fundamental moment of coronary perfusion is diastole.
Therefore, exercise-induced ischaemia in the presence of an MB can-
not be explained only by the narrowing of the vessel during systole.
Both quantitative coronary angiography and intracoronary Doppler

flow studies proved that vessel compression extends into diastole,
thus affecting coronary perfusion. This extension was correlated with
a localized phasic coronary artery spasm persisting during diastole,
since relaxing time of vascular smooth muscle oversteps the duration
of diastole. Additionally, the sympathetic drive during exercise leads
to a delayed relaxation that further impairs early diastolic flow.
Moreover, ischaemia can also be mediated by the so-called ‘branch
steal’ mechanism, induced by a ‘Venturi’ effect triggered by vessel
compression, particularly in presence of side branches originating
within the MB.10,11

When estimating how threatening is an MB, many intrinsic and ex-
trinsic characteristics of the MB have to be taken into consideration.
Among the intrinsic features, the clinical relevance of MB is propor-
tional to the depth and the length of the tunnelled arterial segment,
together with vessel tortuosity and the presence of side branches;
extrinsic risk factors may also unmask ischaemia in patients with MB,
such as tachycardia, atherosclerotic plaque, left ventricle hyper-
trophy, and susceptibility to coronary spasm. As for tachycardia,
increasing myocardial contractility over the involved segment of LAD
reduces diastolic flow. At last, systolic kinking of the coronary artery

Figure 4 Cardiopulmonary exercise test: baseline electrocardiogram recording (A), peak event electrocardiogram recording (B) and VO2

trend (C).

‘A bridge over troubled water’ 5



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
may cause intimal damage to the endothelium, especially at high heart
rates. This event could produce platelet aggregation and vasospasm,
resulting in an acute coronary syndrome.12 Furthermore, the unfor-
tunate eventuality of an atherosclerotic plaque located proximally to
the initial part of the MB may induce complications, such as throm-
bosis, vasospasm, and coronary dissection.6,8,9

The detection of MB is accomplished by means of different diag-
nostic modalities (both invasive and non-invasive) because of the lack
of a well-defined gold standard methodology: to date, physiological
invasive assessment is considered superior to the anatomical assess-
ment to evaluate the ischaemic threshold of MB.11 In a prospective
study by Tarantini et al.,13 20 patients have been subjected to func-
tional intracoronary evaluation with FFR and iFR at rest and after
dobutamine infusion. This study revealed that the use of iFR is more

frequently associated with MB-related myocardial ischaemia than
FFR. The superiority of diastolic indices (iFR) over full cycle indices
(FFR) in the evaluation of ischaemic burden reflects the aforemen-
tioned decisive involvement of diastole in the pathophysiology of MB.

In a retrospective study including 120 patients with MB on LAD
and 41 controls, Zhou et al.14 have shown that the assessment of FFR
derived from CCTA might be a helpful tool to unveil any MB-related
ischaemia. In this cohort, MB patients (both those with deep and
superficial MB)3 exhibited lower FFR values than controls and abnor-
mal FFR values were associated with angina in the MB cohort.

Normally, asymptomatic patients receive no therapy, even if anti-
platelet therapy could be considered given the abnormal rheology,
predisposing to plaque development and progression. On the other
hand, in symptomatic patients, b-blockers are considered as first-line

Figure 5 Coronary computed tomography scan showing the tunnelled arterial segment (A and B), compared with coronary angiography docu-
menting the milking effect (C and D).

6 D. D’Amario et al.
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..therapy,15 while calcium-channel blockers may be added to reduce
vasospasm, thus preventing hypoperfusion. Alternatively, percutan-
eous coronary intervention (PCI), myotomy, or coronary artery by-
pass grafting (CABG) can be considered for those individuals who do
not respond to medical treatment. Stent implantation in symptomatic
patients with MB can mitigate the peak intracoronary systolic pres-
sure and the vessel compression, normalizing the flow and abolishing
symptoms. Yet, this approach is limited to those patients who are re-
fractory to optimal medical treatment and who are not suitable for
surgery, since PCI has been associated with higher rate of adverse
events related to stent fracture and in-stent restenosis.16 With regard
to CABG, it is indicated for patients with extensive (>25 mm) or
deep (>5 mm) myocardial bridging or when the tunnelled coronary
segment is unlikely to be completely decompressed in diastole.17

Furthermore, the supra-arterial myotomy can be considered a valid
alternative in a group of symptomatic patients.18

The guidelines on treatment of athletes are scarce. Up-to-date
American guidelines propose that asymptomatic athletes with MB
and no evidence of ischaemia during maximal effort stress testing
may take part on all competitive sports.19 The Italian guidelines for
sports admissibility suggest restricting physical activity for those cases
with MB longer than 10 mm and deeper than 3 mm, or with evidence
of myocardial ischaemia. In these individuals, a treatment with b-
blockers or calcium-channel blockers is recommended, even though
it may significantly affect the everyday life. Finally, the 2020 ESC

guidelines on sports cardiology and exercise in patients with cardio-
vascular disease recommend in patients with MB and evidence of is-
chaemia to avoid participation in competitive sports and to be
advised regarding leisure-time activities.20 Therefore, it is crucial to
document the presence of ischaemia during the stress test and rely
on a multidimensional judgement to guide the optimal treatment
plan.

Our case report emphasizes the importance of this integrated ap-
proach in which invasive diagnostic tools and surgical therapeutic
options could be considered in symptomatic patients, limited in
sports and leisure activities, with evidence of exercise-induced is-
chaemia. Yet, a shared decision-making is critical, involving different
specialists and requiring a well-informed discussion with the patients
and the caregivers. In accordance with the current recommendations
for athletes, given the risk augmentation for adverse events in symp-
tomatic ischaemic athlete with MB, detraining was prescribed for our
patient, allowing only mild, non-agonistic exercise. Further guidelines
on treatment strategy are lacking and eagerly awaited. Nevertheless,
the choice to return to full participation in competitive sports, passing
through a cardiac surgical procedure, could be considered in selected
cases: a careful evaluation considering technical aspects, clinical pres-
entation, and patient expectations should be carried out, balancing
the impact on one hand of the surgical procedure and on the other
hand of the cessation of the agonistic sport activities on the physical,
mental, and social well-being of the athlete.

Figure 6 Functional intracoronary evaluation: At baseline, instantaneous wave-free ratio value was 0.89 (A), reaching 0.82 after 5 min of dobut-
amine infusion (B) and 0.77 after 9 min at hyperaemic flow (C). Similarly, fractional flow reserve after dobutamine and atropine infusion acquired
haemodynamic significance (= 0.79) (D). At the end, an instantaneous wave-free ratio pullback was performed and instantaneous wave-free ratio
value was 0.53 (E).

‘A bridge over troubled water’ 7
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.
In our case, the patient was not a professional athlete, but the se-

verity of MB-related ischaemia, unequivocally demonstrated by inva-
sive physiological assessment by means of iFR/FFR, was affecting her
daily activities. The young age, the clinical presentation, the former
exclusion of non-cardiac diagnosis induced the clinical team to start
medical therapy, excluding the surgical option, initially. The primary
goal of multidisciplinary follow-up was to improve her quality of life
by restoring the ability to face the routine activities and this mission
was accomplished by low-dose of b-blockers (i.e. bisoprolol).

A possible limitation of the characterization of the case could be
regarded the lack of information on the microvascular function.
However, the ESC guidelines20 do not recommend any systematic
assessment of the microvascular function in patients with MB. Even
considering this population of patients similar to INOCA patients,
the same ESC guidelines acknowledge the role of PET and RM stress
test in the evaluation of the microvascular compartment, but do not
offer any specific recommendation regarding the relevance of these
diagnostic exams in terms of risk stratification and therapeutic impli-
cations in patients with MB.

Myocardial bridge can be disabling as it worsens the quality of life,
especially for young patients. An early detection of this congenital
condition is crucial, and an invasive functional assessment of the is-
chaemic burden should be considered to evaluate the need for med-
ical or surgical therapy.
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