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Abstract

Myocardial bridging is a congenital anomaly in which a segment of a coronary artery takes a 

“tunneled” intramuscular course under a “bridge” of overlying myocardium. This causes vessel 

compression in systole, resulting in hemodynamic changes that may be associated with angina, 

myocardial ischemia, acute coronary syndrome, left ventricular dysfunction, arrhythmias, and even 

sudden cardiac death. While described on autopsy for centuries, technological advances such as 

coronary computed tomography angiography and intravascular ultrasound have contributed greatly 

to our understanding of the anatomic, hemodynamic, and pathophysiological consequences of 

systolic compression. Atherosclerosis preferentially develops immediately proximal to the bridged 

segment, likely due to alterations in shear stress, while the compressed segment itself is often 

spared. First-line therapy of symptomatic bridging remains medical treatment with beta-blockers 

and non-dihydropyridine calcium-channel blockers, and nitrates are contraindicated. Surgical 

myotomy, intracoronary stenting, and coronary artery bypass graft surgery have been used for 

refractory symptoms, but long-term outcomes remain uncertain. Further research is required to 

better define the patient population that would derive the greatest benefit from surgical and 

percutaneous intervention.
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Myocardial bridging, first described anatomically by Reyman in 1737,1 is a congenital 

variant of a coronary artery in which a portion of an epicardial coronary artery (most 

frequently the middle segment of the left anterior descending [LAD] artery) takes an 

intramuscular course.2 This arrangement of a “tunneled” segment of the artery under the 

“bridge” of overlying myocardium frequently results in vessel compression during systole. 

While frequently asymptomatic, this condition in many cases may be responsible for adverse 

complications including angina, myocardial ischemia,3 acute coronary syndromes,4–6 left 

ventricular dysfunction and stunning, 7 arrhythmias,8,9 and even sudden cardiac death.10,11

Since the initial angiographic imaging by Portsmann in 1960,12 newer diagnostic modalities 

such as coronary computed tomographic angiography (CCTA),13 intravascular ultrasound 

(IVUS),14 intracoronary Doppler,15 and fractional flow reserve (FFR)16 have enabled fuller 
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analysis of the anatomic and hemodynamic consequences of the systolic compression, 

including pathological effects on coronary flow.17 Despite this increased understanding, 

treatment options remain limited. Medications such as beta-blockers and calcium-channel 

blockers remain first-line therapy,18 with surgical myotomy reserved for refractory 

cases.19,20 While percutaneous coronary intervention in the form of stenting has been used, 

serious complications such as stent fracture21,22 and coronary perforation have been 

reported.23–26 This manuscript summarizes our current understanding of the hemodynamic 

alterations in myocardial bridging, especially as it relates to the observed clinical sequelae, 

describes the anatomical characteristics on angiography and non-invasive imaging, and 

explores current treatment options including medical and invasive therapies.

Prevalence

Reported rates of myocardial bridging differ based on the mode of evaluation. Numerous 

autopsy series have been performed, with rates reported from 5%–86%,18 with a mean of 

25%. The largest study by Risse et al27 involving 1056 patients found an intramyocardial 

coronary artery course in 26% of patients. These rates are much higher than 

angiographically reported bridging, which typically detects systolic compression at rates 

from 0.5%–12%,28 although detection can increase up to 40% if provocation tests are 

used.18 More recent studies involving CCTA13,29 find bridged coronary segments at rates 

similar to the autopsy series. Certain populations, namely hypertrophic cardiomyopathy 

patients30,31 and heart transplant patients,32 have rates much higher than the general 

population.

The large discrepancy in reported prevalence clearly reflects the difference between an 

anatomical finding of a “tunneled” artery on autopsy or CCTA, and resulting vessel 

compression on angiography. Pathologic series include thin bridges or even myocardial 

loops with little hemodynamic consequence. Angiographic significance, on the other hand, 

depends on multiple factors including bridge length, depth/thickness, orientation of 

myocardial fibers to the artery, coronary smooth muscle tone, the presence of a proximal 

fixed coronary obstruction, the presence of surrounding fat, the state of myocardial 

contractility at the time of angiography, and observer experience.17 In addition, it is likely 

that angiographic bridging is underappreciated when it involves either the circumflex or 

right coronary arteries. Although there is lack of universal definition criteria for myocardial 

bridging, diagnosis of this condition is relevant in patients with clear angiographic evidence 

along with signs or symptoms suggestive of coronary flow limitation.

Morphology/Histology

Although most frequently localized to the middle segment of the LAD artery on coronary 

angiography, some autopsy series find right coronary artery (RCA) and left circumflex 

(LCX) artery involvement at similar rates.33 In addition, secondary arteries such as diagonal 

(18%) and marginal (40%) branches are also commonly involved on histology.18 Typical 

myocardial bridge depth is reported at 1–10 mm, with length of 10–30 mm.34 There does 

not appear to be a difference in prevalence of bridging by gender or age.
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Myocardial bridges of the LAD artery found on pathology have been characterized by 

Ferreira35 as falling into two distinct subtypes. The more common “superficial” bridges 

(approximately 75% of cases) involve the LAD artery situated as usual in the intraventricular 

groove, but crossed by a muscle bundle perpendicularly or at an acute angle. There is also a 

“deep” variant in which the LAD artery deviates toward the right ventricle and dives into the 

intraventricular septum, with an overlying longitudinal muscle bundle arising from the right 

ventricular apex and crossing the tunneled segment transversely, obliquely, or helically 

before terminating in the intraventricular septum.35 It is thought that systolic compression of 

the superficial subtype happens only infrequently, whereas the orientation and degree of 

overlying bridging in the deep variant results in twisting of the tunneled segment over the 

course of the cardiac cycle, resulting in hemodynamic compromise during coronary flow.

A subset of myocardial bridging known as the myocardial loop, in which an epicardial 

vessel (typically artery but occasionally vein) runs through a segment of atrial myocardium, 

has been described on histology.33 These typically involve the distal LCX as well as distal 

RCA, are usually 10–15 mm long, and 0.1–0.3 mm thick.36 Because of the minimal 

compression exerted by atrial muscle as well as the shorter and thinner size of loops 

compared to ventricular tunnels, these loops have not been described angiographically, and 

almost certainly are without clinical consequence.

Pathophysiology of Ischemia

The degree of myocardial ischemia and resulting symptoms appear on first glance to be out 

of proportion to the degree of compromise in coronary blood flow by myocardial bridging. 

As the majority of coronary filling occurs in diastole (with mean flow systolic to diastolic 

ratios measured in one study of 0.22 and 0.85 in the LAD and the RCA, respectively), 

systolic compression of the artery should have only a blunted impact on total effective 

myocardial perfusion.37 However, studies involving multiple imaging modalities have shed 

light on this apparent paradox.

While accelerated atherosclerosis does develop proximal to the bridged segment, the 

mechanism of ischemia does not appear to be entirely related to this fixed obstruction. A 

portion of the effect relates to tachycardic states in which diastolic filling shortens and 

lessens in importance and disturbances in systolic filling have a greater effect.38 Provocation 

testing using dobutamine or rapid atrial pacing has relied on this relationship. Using frame-

by-frame quantitative coronary angiography (QCA) along with IVUS, it was recognized that 

vessel compression of bridged arteries extended into diastole and thus did affect the 

predominant phase of coronary perfusion.39,40 Klues expanded on this finding by combining 

angiography with intracoronary Doppler flow and pressure measurements in patients with 

symptomatic bridging, and discovered hemodynamic abnormalities characterized by a 

persistent decrease in diastolic vessel diameter, increase in blood flow velocities and 

retrograde flow, and a reduced flow reserve.41 Not only is the diameter of the intramuscular 

segment smaller compared to the adjacent proximal segment overall, but during diastole 

there is a persistent reduction of 34%–51% in the bridged segment. 15 In addition, it was 

found that the greater the systolic narrowing, the greater the reduction in diastolic diameter, 

associated with a corresponding decrease in flow and flow reserve.
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Early pathological analysis of myocardial bridging (later confirmed with IVUS) recognized 

“sparing” of bridged segments from atherosclerotic lesions.14 Histology identified changes 

in vessel wall structure and morphology which may explain this “protective” effect. The 

intima of the tunneled segment is significantly thinner than the proximal segment, and 

contains a predominance of the “contractile” subtype of smooth muscle cells thought to be 

negatively associated with the development of atherosclerotic lesions.27 Foam cells, an 

important component of atherosclerosis, also appeared to be missing in the tunneled 

segments.42 In addition, the expression of known vasoactive agents endothelial nitric oxide 

synthase, endothelin-1, and angiotensin-converting enzyme is reduced in the bridged vessel 

wall.43 These agents have been implicated in the proliferation of smooth muscle cells 

resulting in increased size of atherosclerotic lesions. Systolic kinking of the bridged 

segments, coupled with the aforementioned endothelial dysfunction, may also predispose to 

coronary vasospasm and thrombus formation.44

Conversely, the vessel segment proximal to the bridge appears to develop atherosclerosis at 

increased rates, approaching 90%.14 Analysis of endothelial cell morphology at the entrance 

to the tunneled segment reveals “flat, polygonal, and polymorphic” structure, indicative of a 

low shear stress state, while the endothelial cells within the tunnel maintain a helical 

orientation, a sign of laminar flow and high shear.45 This suggests a hemodynamic basis for 

the increased plaque formation proximal to the tunnel, through impairment of endothelial 

cell function and morphology. Also, in contradistinction to the tunneled segment, expression 

of vasoactive agents endothelial nitric oxide synthase, endothelin-1, and angiotensin-

converting enzyme are all increased in the proximal segment.43 It is uncertain, however, 

whether the association between vasoactive agent expression and atherosclerosis is causal in 

nature, or whether it simply reflects an as-yet undiscovered mechanism, perhaps also related 

to hemodynamic forces.

Diagnostic Testing

Coronary angiography

Coronary cineangiography remains the most common technique for diagnosing myocardial 

bridging. The typical description of bridging on angiography involves a systolic narrowing, 

or “milking,” of an epicardial artery, with a “step-down” and “step-up” demarcating the 

impacted area (Figure 1). As previously discussed, atherosclerotic lesions are frequently 

found immediately proximal to the bridged segment. Indeed, bridging is occasionally 

identified only after percutaneous coronary intervention of a proximal lesion, after which the 

higher intravascular flow unmasks the vulnerable segment.46

Intracoronary Doppler

Doppler-tipped guidewires allowed accurate measurement of intracoronary flow velocity for 

the first time.47 Interrogation of myocardial bridges revealed a characteristic “spike-and-

dome” pattern or “fingertip” phenomenon, with abrupt early diastolic flow acceleration, 

rapid mid-diastolic flow deceleration, and a mid-tolate diastolic plateau.41 Retrograde flow 

during the systolic period can be detected immediately proximal to the bridged segment, 

exacerbated by nitroglycerin provocation, especially in deep bridges.48 In addition, coronary 
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flow reserve in these patients is impaired distal to the bridge, with a mean of 2.0 (normal 

>3.0), despite being normal or mildly reduced (mean 2.7) proximal to the bridge.15

Intravascular ultrasound

On IVUS, the tunneled segment of artery clearly demonstrates systolic compression (which 

can be either eccentric or concentric) that persists into diastole. There is also a highly 

specific echolucent “half-moon” appearance throughout the cardiac cycle, the etiology of 

which is not well understood.14 IVUS can detect vessel compression with coronary 

provocation testing even in the absence of angiographically significant “milking.”40 In a 

study of 331 consecutive patients with de novo LAD artery lesions who underwent both 

angiography and IVUS, IVUS detected bridging in 23% of patients, while angiographic 

systolic compression was only apparent in 3%.49 It was in early IVUS pullback studies that 

revealed the predilection for plaque formation proximal to the tunneled segment, but a 

“sparing” of the bridged vessel from atherosclerosis.14 IVUS still remains an important 

confirmatory modality when angiographic diagnosis is uncertain, especially when combined 

with provocation testing with nitroglycerin,48 acetylcholine,50 dobutamine,51 or rapid atrial 

pacing.52

Fractional flow reserve

FFR assessment has proven to be an important tool in the physiologic assessment of 

myocardial bridges. In an early series of 12 patients with mid-LAD artery bridging on 

angiography, Escaned et al measured FFR both at baseline and with dobutamine 

provocation.16 Hemodynamic alteration due to the myocardial bridging manifested most 

prominently in a decrease in diastolic FFR (0.88 down to 0.77), whereas mean FFR 

decreased to a lesser extent (0.90 down to 0.84). It is thought that mean FFR measurements 

are artifactually elevated by overshooting of systolic pressures, and thus diastolic FFR 

evaluation should be the technique of choice. Dobutamine provocation appears to be more 

accurate when compared with adenosine for FFR evaluation of bridging, highlighting the 

importance of inotropic state in the development of vessel compression.53

Cardiac computed tomography (CT) angiography

CT (initially with electron-beam CT and more recently multislice CT) has become a 

valuable tool in the analysis of coronary anatomy and patency. Studies using CT to evaluate 

myocardial bridging have detected intramyocardial segments at much higher rates than by 

angiography.13,29,54,55 This surely reflects the higher prevalence of anatomical bridged 

segments than the subset that result in vessel compression. However, given that the 

information provided by this technique is structural rather than functional in nature, further 

correlation would still need to be performed to determine clinical relevance. CT-based non-

invasive FFR measurement may yet prove useful as a method for combined anatomical/

hemodynamic study of myocardial bridges, but such an application has not yet been reported 

in the literature.56
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Other proposed diagnostic techniques

Stress echocardiography has been proposed as a non-invasive functional test for myocardial 

bridging. Lin et al identified characteristic septal wall motion abnormalities on two-

dimensional imaging in 14 patients with IVUS- and FFR-proven bridging. 57 Myocardial 

perfusion imaging, although useful in the evaluation of ischemia due to fixed stenoses, does 

not yet appear to have the sensitivity required to adequately identify myocardial 

bridging.58,59 Further studies will be necessary to improve and validate these techniques 

before they can be accepted as a method for the diagnosis of bridging.

Special Patient Populations

Patients with hypertrophic cardiomyopathy have been found to have a high prevalence of 

myocardial bridging, with reported rates of up to 80% on angiography (Figure 2).60 This is 

thought to be a contributing factor in the increased mortality in the pediatric hypertrophic 

cardiomyopathy population, presumably through ischemic and/or arrhythmic mechanisms. 

Multiple studies in children with hypertrophic cardiomyopathy have found greater rates of 

chest pain, ventricular tachycardia, history of resuscitated cardiac arrest, and positive 

changes on exercise testing in those with concurrent myocardial bridging.61 Interestingly, 

this relationship does not hold in the adult population. In a series of 425 adult patients with 

hypertrophic cardiomyopathy with (15%) and without (85%) myocardial bridging, there was 

no difference in all-cause mortality and cardiac death at 6.8 year follow-up.31 A more recent 

study examined autopsied hearts in 255 patients who died of sudden cardiac death, and did 

not find an independent contribution of myocardial bridging to mortality in patients with 

hypertrophic cardiomyopathy, despite occurring at a higher prevalence.62

Orthotopic heart transplantation patients have higher reported rates of myocardial bridging 

(Figure 3). In a series of 64 heart transplant recipients, 33% were found to have 

angiographically significant bridging.32 This was thought to be related to the increased 

stiffness and hypertrophy of the myocardium post transplant, resulting in increased rates of 

systolic vessel compression. While the presence of bridging was previously thought to be a 

risk factor for early death after cardiac transplantation,63 more recent experience64,65 

suggests that this may not be the case.

Prognosis

Although myocardial bridging is generally considered to be a benign condition, it has been 

proposed as a cause of angina-like chest pain, coronary spasm, myocardial ischemia (as 

evidenced by changes on electrocardiography and myocardial perfusion stress testing), acute 

coronary syndromes, left ventricular dysfunction/stunning, arrhythmias (including 

supraventricular tachycardia and ventricular tachycardia), and even sudden cardiac death. 

Serious events are uncommon, and it is still controversial and unclear whether myocardial 

bridging can be directly attributable as the cause of the events. In studies involving patients 

with myocardial bridging, testing for inducible myocardial ischemia revealed rates that 

varied from 21%–88%, with the wide range likely related to differences in test method 

sensitivity and specificity. 58 The ischemia was more closely associated with the degree of 

systolic compression rather than lesion length or bridge location.
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Schwarz has proposed a classification scheme for myocardial bridging based on symptoms 

as well as non-invasive and invasive measurement of hemodynamic and anatomical 

parameters in order to guide therapy (Table 1).66 While some data exist on long-term follow-

up of patients with myocardial bridging,67 there is a paucity of studies that have established 

the natural history of the condition in response to intervention to validate such a 

classification scheme.

Treatment

Medical therapy

First-line therapy for patients thought to be experiencing symptoms secondary to myocardial 

bridging consists of beta-blockers68,69 and non-dihydropyridine calcium-channel blockers.70 

However, the evidence to support these interventions is limited, and rationale is based on 

theoretical improvement in coronary hemodynamics with decreased chronotropy and 

inotropy. It is thought that the prolongation of diastole with reductions in heart rate (and 

reduced chronotropy with exercise and provocation) is a major contributor to reduction in 

bridging sequelae and resultant symptoms. But while beta-blockade has been shown to 

decrease vessel compression and improve angina symptoms in a limited study of 15 patients 

with bridging, no studies have ever evaluated clinical endpoints of morbidity or mortality.68

Nitrates are contraindicated in patients with myocardial bridging. Nitroglycerin has been 

shown to accentuate systolic compression of bridged segments, and indeed is used as an 

agent for provocation of these lesions.71 This effect likely relates to an increase in vessel 

wall compliance, as well as a reflex sympathetic increase in contractility.48

Surgery

Surgical options for myocardial bridging include surgical myotomy and coronary artery 

bypass graft surgery. Surgical myotomy involving resection of the overlying muscle fibers 

should be limited to patients with refractory symptoms despite medical therapy, especially in 

those with demonstrated inducible ischemia and those who are at high risk for myocardial 

infarction, ventricular tachycardia, or resuscitated cardiac arrest. Surgical myotomy has been 

shown to eliminate symptoms19,20 and increase coronary flow.72 However, risks include 

dissection into the right ventricle in patients with myocardial bridges that take a deep 

subendocardial course.73

Coronary artery bypass graft surgery has been reported as a treatment for bridging, and 

typically involves anastomosis of the left internal mammary artery to the LAD artery.74,75 

Published series (ranging from 11–31 patients) comparing surgical myotomy to coronary 

artery bypass graft surgery for myocardial bridging show excellent symptom relief with both 

techniques, with no surgical complications reported. 76–78 Despite the risk of graft occlusion 

in the presence of competitive flow, there were no graft failures noted in follow-up of up to 

35 months. Coronary artery bypass grafting can be considered a treatment option for 

myocardial bridging, especially in extensive and deep bridges.
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Percutaneous coronary intervention

The first case of coronary stenting for severe bridging refractory to medical therapy was 

reported in 1995 by Stables et al.79 Early studies evaluating this option have shown that 

stenting can resolve hemodynamic abnormalities and symptoms.42 However, multiple 

studies have since demonstrated high rates of target lesion revascularization with 

percutaneous coronary intervention. In a study involving 70 patients with myocardial 

bridging who received stents (primarily drug-eluting stents) for a LAD artery lesion 

proximal to the bridge, rates of target lesion revascularization at 1 year were much higher 

(24% vs 3%) in patients whose stents extended into the bridged segment.80 Another study 

reported a target lesion revascularization rate of 36% (4 out of 11) in a group of patients 

receiving bare-metal stents specifically for symptomatic myocardial bridging, despite 

significant improvements in minimal luminal area (from 0.6 mm2 to 1.9 mm2) and cross-

sectional area (from 3.3 mm2 to 6.8 mm2) at the time of stenting.67 However, multiple cases 

of coronary perforation23–26 and stent fracture21,22 in a stented myocardial bridge have been 

reported, perhaps related to stent oversizing. As with surgical intervention, percutaneous 

coronary intervention should only be considered as a therapeutic option in patients with 

bridging refractory to medical therapy, with the expectation that revascularization rates will 

be high even with drug-eluting stents.

Conclusion

Myocardial bridging is a congenital anomaly in which an epicardial coronary artery takes an 

intramyocardial course. It is present anatomically in approximately 25% of patients based on 

autopsy and CT, but only results in angiographically detectable systolic compression in less 

than 10% of patients. Flow alterations from this condition can cause accelerated 

atherosclerosis in the coronary segment immediately proximal to the bridged segment. The 

bridged portion itself is “spared” from atherosclerosis, likely through favorable shear forces 

resulting in increased expression of vasoactive agents as well as morphological changes in 

endothelial and smooth muscle cells in the area. Hemodynamic effects of bridging include 

systolic coronary flow reversal proximal to the bridge, as well as a decrease in coronary flow 

reserve. Clinical consequences range from angina to acute coronary syndrome to sudden 

cardiac death. First-line therapy involves medical treatment with beta-blockers and non-

dihydropyridine calcium-channel blockers, while nitrates are contraindicated due to 

secondary tachycardia and hypercontractility from reflex sympathetic activation. For 

refractory symptoms, multiple interventional strategies have been attempted such as surgical 

myotomy, coronary artery bypass surgery, and stenting. A prospective randomized trial is 

required to identify the best treatment strategy for patients with myocardial bridging.
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FIGURE 1. 
Coronary angiography of a 58-year-old male who presented with acute coronary syndrome. 

(A) During diastole, the mid left anterior descending artery had mild disease. (B) 

Myocardial bridging was observed during systole.
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FIGURE 2. 
Coronary angiography of a 62-year-old male with hypertrophic cardiomyopathy with 

angina. (A) During diastole, the mid left anterior descending (LAD) artery followed an 

intramyocardial course. (B) Systolic compression was observed in the mid LAD.

Lee and Chen Page 14

J Invasive Cardiol. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3. 
Coronary angiography of a patient 1 month post orthotopic heart transplantation. (A) During 

diastole, the distal left anterior descending (LAD) artery was unremarkable. (B) Systolic 

narrowing was seen on angiography of the mid and distal LAD artery (arrow) as well as the 

septal arteries. Intravascular ultrasound of a segment of myocardial bridging during diastole 

(C) and systole (D) demonstrated near-complete obliteration of the lumen during systole.
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Table 1

Proposed classification scheme and therapeutic strategy for myocardial bridging (adapted from Schwartz et 

al).66

Clinical Symptoms Signs of Ischemia Initial Treatment Strategy Secondary Treatment if No 
Improvement

Type A Yes No Reassurance –

Type B Yes Yes, by non-invasive stress testing Beta-blockersb Intracoronary hemodynamic 

evaluationa → surgery or stenting if 
abnormal

Type C Yes Yes, by altered intracoronary 

hemodynamicsa
Beta-blockersb Surgery or stenting

a
By quantitative coronary arteriography, fractional flow reserve, or intracoronary Doppler.

b
If beta-blockers are contraindicated, non-dihydropyridine calcium-channel blockers can be used.
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