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A 48-year-old woman with 40 years of intermittent squeezing chest pain presented 
with worsening symptoms. Results of an ambulatory electrocardiogram, echocardio-
gram, and exercise treadmill were unremarkable. Persistent symptoms prompted a 
computed tomography coronary angiogram (CTCA) that revealed mid-left anterior 
descending artery myocardial bridging (MB) that was not physiologically significant by 
exercise single-photon emission CT. Conservative treatment was pursued. Anatomic MB 
is prevalent in a large proportion of the general population and are increasingly identi-
fied by CTCA. The majority are benign, physiologically significant bridging is uncommon, 
but accelerated proximal atherosclerosis can occur. b-blockers and nondihydropyridine 
calcium-channel blockers are the primary treatment options, with surgical myomectomy, 
coronary artery bypass, and stenting reserved for patients refractory to medical therapy 
with demonstrable ischemia. Head-to-head evaluation of nonpharmacologic therapies 
is needed. Intracoronary techniques provide simultaneous anatomical and physiological 
assessment but CTCA fractional flow reserve and hybrid positron emission tomography 
with concomitant spatial imaging systems are evolving as noninvasive alternatives.
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angina without obstructive coro-
nary artery disease, but their signif-
icance and the efficacy of treatment 
are not well established.1 Patients 
typically present with angina, syn-
cope, or other symptoms of myo-
cardial ischemia (Table 1), and MB 
should be especially considered in 
patients at low risk for atherosclero-
sis.2 MB is a congenital abnormality 
defined as an intramyocardial route 
of an epicardial coronary artery, 
and its prevalence varies by diag-
nostic modality. Coronary angiog-
raphy, which has historically been 
the diagnostic standard, detects 
bridges in <  5% of cases, and has 
been outpaced by more sensitive 
modalities that more closely detect 

intracavitary, traversing the right 
atrium (Figure  2). Exercise single-
photon emission computed tomog-
raphy (SPECT) demonstrated no 
defects, and magnetic resonance 
imaging (MRI) revealed no perfu-
sion defects or scars. Given the lack 
of physiologic significance to the 
bridge, reassurance was provided 
to the patient; additional workup in 
the form of invasive intracoronary 
Doppler measurement with vaso-
reactivity testing to exclude vaso-
spasm or microvascular disease 
was not pursued.

Discussion
MB is found in an unexpectedly 
large number of patients with 

A 48-year-old woman pre-
sented to the cardiology 
clinic with 1 month of wors-

ening symptoms and declared, “I 
have had chest pain for 40  years.” 
She recalls having spontaneous 
episodes of intermittent squeez-
ing chest pain as a child that lasted 
5 to 10 seconds in duration. Results 
of a pediatric workup were unre-
vealing and thought to be “grow-
ing pains.” However, the episodes 
continued into adulthood and past 
the births of two children. The chest 
pain occurred primarily at rest, at 
times accompanied by palpitations, 
without a clear trigger, and was not 
exacerbated by exercise. Over the 
past month the frequency of the 
symptoms has increased, and in one 
case lasted 15  minutes before sub-
siding. She has a history of atten-
tion deficit disorder for which she 
is intermittently treated with meth-
ylphenidate. Her cardiac symptoms 
preceded its use. She does not use 
illicit substances, and has a father 
who required a valve replacement.

Outpatient workup was initi-
ated. An electrocardiogram (ECG) 
showed no accessory pathways 
or infarction; results of a 24-hour 
ambulatory ECG were unrevealing, 
and results of a transthoracic echo-
cardiogram were unremarkable, 
notably without hypertrophy or 
mitral valve disease. She exercised 
8.8 minutes and 10.1 METS on an 
exercise treadmill with no ischemic 
changes. Basic laboratory values 
were normal, with the exception of 
elevated cholesterol and C-reactive 
protein levels. She returned to the 
clinic complaining of persistent 
symptoms, and additional studies 
were ordered. A computed tomog-
raphy coronary angiogram (CTCA) 
revealed a 3-cm long myocardial 
bridge (MB) in the mid-left ante-
rior descending artery (LAD) with-
out concomitant atherosclerotic 
plaque (Figure  1). Additionally, 
the mid-right coronary artery was 

Figure 1. (A) Intramyocardial course (arrow) of the left anterior descending artery. (B) Mid-left anterior 
descending myocardial bridge (arrow) during diastole. (C) Myocardial bridge (arrow) during systole showing 
trivial intraluminal narrowing.

Figure 2. (A) Proximal and mid-right coronary artery showing an intracavitary bridge (arrow) in the 
 mid-segment. (B) Mid and distal-right coronary artery showing the same intracavitary bridge (arrow).
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their prevalence in the general pop-
ulation, which is upwards of 86% as 
found by autopsy studies.3 CTCA 
studies report a 5.7% to 58% preva-
lence.4 The increased prevalence 
found by autopsy or CTCA can be 
attributed to anatomic evaluation 
of the bridge versus detection of 
systolic compression by coronary 
angiography, indicating that most 
bridges do not impact coronary 
perfusion. Anatomic positioning 
is almost always in the mid-LAD 

but can be found on any epicardial 
artery.5 Their prevalence is gener-
ally understood to be increased in 

patients with hypertrophic cardio-
myopathy, with a 41% prevalence, 
although whether their presence 
increases the risk of cardiac death 
in this high-risk population has not 
been established.6,7

The pathophysiology of ischemia 
is classically attributed to systolic 
compression of the tunneled artery, 
although numerous studies have 
shown vessel compression extend-
ing into diastole causing increased 
flow velocities and reduced flow 

reserve.8-10 These hemodynamic 
effects may lead to endothelial 
damage, coronary vasospasm, 

and acute coronary syndrome.11 
Degree of ischemia may also 
depend on the location, thick-
ness, and length of the muscular 
bridge.12 Concomitant atheroscle-
rosis proximal to the bridge due to 
hemodynamic disruptions occur in 
greater frequency, and an elevated 
C-reactive protein level may be an 
indicator of its development.8,10,13 
Endothelial analysis at the proxi-
mal location showed structurally 
dysfunctional endothelial cells 
with a low shear stress state, allow-
ing increased vascular expression 
for plaque development.14,15 In con-
trast, the tunneled segment of the 
artery is protected from athero-
sclerosis with structurally intact 
endothelium, laminar flow, and 

Anatomic positioning is almost always in the mid-LAD but can be 
found on any epicardial artery.

Symptom Character Duration Factors Provoking Pain

Ischemic

 Myocardial bridging

Tightness, heaviness
Variable

Exercise, tachycardia

  Coronary spasm,  
microvascular disease

Stress, excitement, exercise

 Acute coronary syndrome Minutes to hours Exercise, excitement, stress

Cardiac

 Myopericarditis
Sharp, stabbing, back pain 
with aortic dissection

Hours Respiration, movement

 Aortic dissection Abrupt, maximum 
severity at onset

Hypertension, tachycardia

 Hypertrophic cardiomyopathy

Shortness of breath,  heaviness

Exertional Dehydration, vasodilatation, exercise

 Aortic stenosis Exertional Exercise, excitement, stress

 Stress cardiomyopathy Minutes to hours Stress, excitement

Noncardiac

 Pulmonary embolus

Shortness of breath, sharp Hours Respiration, movement Pneumothorax

 Pleuritis

 Costochondritis Sharp Hours Respiration, movement, palpation

  Esophageal spasm and 
 esophagitis

Substernal with dysphagia Minutes to hours, 
intermittent

Eating, drinking

 Herpes zoster Stabbing, burning, may 
 precede skin rash

Hours Follows dermatomal distribution

 Anxiety Variable Variable Stress, excitement

Differential Diagnosis for Myocardial Bridging With Representative Characteristics 

TABLe 1
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high shear.14 Although most cases 
are benign, MB has been associ-
ated with clinical complications 

such as arrhythmia, coronary vaso-
spasm, acute coronary syndromes, 
depressed left ventricular function, 
myocardial stunning, early death 
after cardiac transplantation, and 
sudden death.16,17 It is still debated 
whether MB is the direct cause of 
these adverse events.18 

Numerous imaging modali-
ties can be used in the diagnosis 
of MB. Although coronary angi-
ography has been historically 
used, CTCA shows promise as a 
noninvasive diagnostic tool, pro-
viding anatomic visualization of 
depth, length, and precise location 
of the tunneled artery.10,12 Deep 
MBs on CTCA have been found 
to be more greatly associated with 
mechanisms of ischemia, whereas 
superficial bridges are more often 
benign. Deep bridging is defined as 
> 2 mm of myocardial enclosure of 
the artery, and superficial bridging 
is defined as incomplete or < 2 mm 
depth of myocardial enclosure.19 
Cardiac MRI is another noninva-
sive technique for visualization and 
functional assessment of MB.20,21 
ECG, stress echocardiogram, 
SPECT, and positron emission 
tomography (PET) can be useful in 
the differential diagnosis for myo-
cardial ischemia, and provide an 
alternative to intracoronary testing 
for the presence of functional isch-
emia in patients with MB. Exercise 
and dobutamine are preferred for 
stress testing.22-24 Patients with MB 
have a higher prevalence of a posi-
tive exercise ECG result,19,25 and 
septal wall abnormalities on stress 
echocardiogram have been shown 

to correlate with the presence of 
LAD bridges, a manifestation of 
increased velocity and decreased 

perfusion at the tunneled region of 
ischemia.26 Although stress imag-
ing can provide useful physiologic 
information, its sensitivity and 
specificity for hemodynamically 
significant MB is incomplete and 
not fully established.23,24 

In addition to coronary angi-
ography, supplemental intracoro-
nary diagnostic modalities include 
intravascular ultrasound (IVUS), 
intracoronary Doppler, and dia-
stolic fractional flow reserve (FFR). 
Identification of systolic compres-
sion or an echolucent half-moon 
sign on IVUS confirms bridg-
ing.1 Diagnosis by intracoronary 
Doppler depends on identification 
of the characteristic early diastolic 
“fingertip” phenomenon, reduced 
systolic antegrade flow, decreased 
diastolic/systolic velocity ratio, and 
retrograde flow into the proximal 
segment.10 Additionally, diastolic 
FFR < 0.75 is an important measure 
of the hemodynamic significance 
of MB, indicating its association to 
ischemia.10 Noninvasive and intra-
coronary diagnostic modalities are 
summarized in Table 2.

The mainstay of treatment 
for symptomatic MB includes 
β-blockers and nondihydropyri-

dine calcium channel blockers 
to relieve hemodynamic distur-
bances and the effects of coronary 
vasospasm. In contrast, nitrates 
should be used with caution due to 

reflex tachycardia that exacerbates 
is chemia from bridging.27-29 When 
symptoms sustain despite medical 
therapy, surgical options for treat-
ment involve myotomy, resection of 
the overlying myocardium, or cor-
onary artery bypass graft (CABG) 
surgery. Although both procedures 
have been shown to be comparable 
by clinical success, myotomy may 
be preferred for patients with sub-
stantial risk for myocardial infarc-
tion, ventricular tachycardia, or 
significant systolic compression. 
However, these surgical techniques 
have not been directly compared.30 
Cases with deep or extensive MB 
likely favor CABG to eliminate 
the risk for ventricular perforation 
in myotomy. Percutaneous coro-
nary intervention (PCI) has also 
been shown to resolve symptoms 
secondary to MB; however, there 
are numerous reports of coronary 
perforation and stent fraction, and 
reported rates of in-stent resteno-
sis are suboptimal, although drug-
eluting stents have reduced in-stent 
restenosis rates compared with 
bare-metal stents in this patient 
cohort.31 It is important to note that 
studies are lacking in the use of sec-
ond-generation drug-eluting stents 
for treatment of bridges. Suggested 
steps in diagnosis and treatment of 
MB as informed by current litera-
ture and the Schwarz classification 
for MB and treatment are summa-
rized in Table 3.10,29

Anatomic MB is prevalent in a 
large proportion of the general 
population and is increasingly 
identified by CTCA. Although the 

presence of a MB may account for 
some patients with angina without 
obstructive coronary artery 
 disease, even in the absence of 
physiologic bridging, significant 

The mainstay of treatment for symptomatic MB includes b-blockers 
and nondihydropyridine calcium channel blockers to relieve hemo-
dynamic disturbances and effects of coronary vasospasm.

Although most cases are benign, MB has been associated with clini-
cal complications such as arrhythmia, coronary vasospasm, acute 
coronary syndromes, depressed left ventricular function,  myocardial 
stunning, early death after cardiac transplantation, and sudden 
death.
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Diagnostic Modality
Anatomic 
Assessment

Physiologic 
Assessment Findings Other Considerations

Coronary  
angiography

Yes No Milking effect Historic standard, not sensitive

Intravascular  
ultrasound

Yes No Half-moon Evaluation of proximal atheroscle-
rosis, invasive without physiologic 
assessment

Computed  
tomography coronary  
angiography

Yes Noa Coronary segment  
surrounded by  
myocardium

More sensitive, noninvasive, 
unclear significance of incidental 
bridges

Magnetic resonance 
imaging

Yes No Coronary segment 
surrounded by 
 myocardium

Noninvasive, no radiation, insuf-
ficient evidence for its use 

Stress 
 electrocardiography

No Yes Ischemic changes, 
exaggeration of QT 
dispersion

Noninvasive, no radiation, neither 
sensitive nor specific 

Stress 
 echocardiography

No Yes Reversible wall motion 
abnormalities

Noninvasive, no radiation 

SPECT No Yes Reversible myocardial 
perfusion defect

Noninvasive, radiation exposure

Positron emission 
tomography

Nob Yes Reversible myocardial 
perfusion defect

Noninvasive, radiation exposure, 
may be more sensitive than SPECT

Intracoronary Doppler 
measurement

Yesc Yes Fingertip Option of pharmacologic  
provocative testing with concur-
rent anatomic and physiologic  
assessments, invasiveDiastolic fractional 

flow reserve
Yesc Yes Fractional flow 

 reserve , 0.75 or 0.8
aMaybe in the future with computed tomography fractional flow reserve. 
bYes, if performed in a hybrid system concurrently with computed tomography or magnetic resonance imaging and intravenous contrast.
cPerformed with coronary angiography.
SPECT, single-photon emission computed tomography.

Noninvasive and Intracoronary Diagnostic Modalities of Myocardial Bridging 

TABLe 2

detectable ischemia is far less 
 common as assessed by intracoro-
nary and noninvasive diagnostic 
modalities such as intracoronary 
pressure wires and various forms  
of stress testing, and the vast  
majority are benign requiring  
only  reassurance to the patient.22 
β-blockers and nondihydropyri-
dine calcium  channel blockers are 
the primary treatment options; 

surgical myomectomy, CABG, and 
PCI are reserved for patients with 
demonstrable is chemia caused by 
bridging who are refractory to 
medical therapy. Recent advances 
in noninvasive imaging have both 
increased our appreciation of the 
prevalence of anatomic bridges and 
allowed us to assess for physiologic 
significance outside of the cardiac 
catheterization laboratory, but 

studies are needed to directly com-
pare imaging modalities for their 
ability to detect ischemia in bridg-
ing. The arrival of CTCA fractional 
flow reserve and proliferation of 
hybrid PET and CT or MRI sys-
tems with intravenous contrast 
may also allow for noninvasive 
simultaneous anatomic and physi-
ologic assessment of MB. Studies 
are needed to compare surgical 
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Clinical Presentation Diagnostic Testing Treatment Options

Asymptomatic Incidental finding on coronary angiography or noninvasive 
testing without symptoms

Reassurance

Symptomatic Noninvasive stress testing with echocardiography, SPECT, 
or PET in the absence of obstructive CAD

BB or CCB

Symptomatic on  
medical therapy

Intracoronary Doppler measurement, and/or diastolic FFR 
assessment 6 pharmacologic provocative testing

BB or CCB ± surgical  
myomectomy or CABGa

Severe and refractory Usual preoperative testing 6 IVUS if PCI planned Surgical myomectomy or 
CABGa

aAlternatively PCI with drug-eluting stents.
BB, b-blockers; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCB, nondihydropyridine calcium channel blockers; FFR, fractional flow reserve; 
IVUS, intravascular ultrasound; PCI, percutaneous coronary intervention; PET, positron emission tomography; SPECT, single-photon emission computed tomography.

myomectomy with CABG, and 
outcomes for PCI of bridges with 
second-generation drug- eluting 
stents are needed. 
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