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he myocardial bridge (MB) is an anatomical variant 
that often covers part of the left anterior descend-
ing coronary artery (LAD).1 It occurs almost exclu-

sively in the mid-portion of the LAD (Figure 1).2,3 Muscular 
contraction of the MB itself alters blood flow within the LAD, 
as demonstrated by coronary angiography, and influences 
the distribution of hemodynamic stress.3–5

It is widely accepted that an MB sometimes causes coro-
nary heart disease (CHD),2,5,6 either from direct compression 
of the MB at cardiac systole or by enhancement of the natural 
progression of coronary atherosclerosis in the LAD segment 
proximal to the MB.2,5,7 Both mechanisms are closely associ-
ated with changes in hemodynamic stress driven by the force 
of the MB contraction through a combination of anatomical 
properties, such as the location, length, and thickness of the 
MB.3,7,8 This review focuses on the relationship between the 
presence of an MB in the LAD and the occurrence of CHD, 
specifically addressing the importance of the anatomical prop-
erties of the MB as the common root for the 2 distinct mech-
anisms. In addition, therapeutic approaches to CHD caused 
by an MB are summarized, along with their outcomes.
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Significance of the Anatomical Properties  
of a Myocardial Bridge in Coronary Heart Disease
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A myocardial bridge (MB), partially covering the coronary artery, is a congenital anatomical variant usually pres-
ent in the left anterior descending coronary artery (LAD). MB causes coronary heart disease (CHD) by 2 distinct 
mechanisms influenced by the anatomical properties of the MB, such as its length, thickness, and location. One is 
direct MB compression of the LAD at cardiac systole, resulting in delayed arterial relaxation at diastole, reduced 
blood flow reserve, and decreased blood perfusion. The other is enhancement of coronary atherosclerosis caus-
ing stenosis of the LAD proximal to the MB, occurring because of endothelial injury arising from the abnormal 
hemodynamics provoked by retrograde blood flow up toward the left coronary ostium at cardiac systole. The mag-
nitude of the effect of the 2 distinct mechanisms of the MB on LAD blood flow is prescribed by a common root 
of the MB-muscle mass volume generated by those properties. Furthermore, the anatomical properties of the MB 
are closely associated with the choice of treatment and therapeutic outcome in CHD patients having an MB. 
Thus, the anatomical properties of an MB should be considered in the diagnosis and management of CHD 
patients with this anomaly.
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Figure 1.    Myocardial bridge in the left anterior descending 
coronary artery. The epicardial adipose tissue was manually 
removed after formalin fixation. Arrows indicate the entrance 
and exit of the bridge.
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Table. Frequency and Anatomic Properties of the MB by Different Methods

First author
No. of
cases

Artery
Frequency 

(%)
Location Length (min.-max.) Thickness

Angiography
  Noble J9 5,250 LAD  0.5 – – –

  Ishimori T10 313 LAD  1.6 – – –

  Greenspan M11 1,600 LAD  0.9 – – –
  Rossi L12 1,146 LAD  4.5

37 LAD – (1–5 cm) –
  Kramer TR13 658 LAD 12.0 –

81 LAD 12.5±6.4 mm –
  Angelini P2 1,100 LAD  5.5 – – –
  Channer KS14 1,102 LAD  1.4

16 LAD M 13, D 3 1.5 cm (0.9–4.4) –
  Juilliere Y15 7,467 LAD  0.8 – – –
  Hongo Y16 1,644 LAD  2.3 – – –
  Sorajja P17 64 LAD – – 14.5±12.8 mm –
  Cay S18 25,982 LAD 11.8 – – –
  Kim JW19 81 LAD – P 1, M 70, D 10 21.3±6.7 mm –
  Tsujita K20 331 LAD  3.0

11 LAD – 16.0±11.4 mm –
  Schwarz ER21 157 LAD – – 22.6±7.8 mm –
CT
  Kantarci M22 626 LAD  3.5

22 LAD P 8.5%, M 66%, D 25.5% 17 mm (6–22) 2.5 mm (1.2–3.3)
  Zeina AR23 300 LAD 23.6

78 LAD 71+Others 7 – 19.5±5.7 mm (8–30) 2.0±0.6 mm (1–3.1)
  Kawawa Y24 148 LAD 14.2

24 LAD 21+Others 3 P 1, M 19, D 1 20.0±8.6 mm (105–50.2) 1.8±0.7 mm (1.1–3.7)
  Lubarsky L25 245 LAD 44.0

108 LAD P 8.5%, M 66.0%, D 25.5% 28.7±10.5 mm –
  Leschka S26 100 LAD 26.0

43 LAD 42+RCA 1 M 22, D 20 24.3±10.0 mm (8–50) 2.6±0.8 mm (1.4–4.8)
  Kim PJ27 311 LAD 58.0 – – –
  Bayrak F28 990 LAD 16.8

265 LAD 166+Others 99 – 14±7 mm 1.6±1.1 mm
  Liu S29 450 LAD 34.0

192 LAD 153+Others 39 P 5, M 112, D 36 20.0±10.1 mm (9–46) 2.1±0.9 mm (0.9–4.8)
  Lazoura O30 875 LAD 21.0 – –

184 LAD P 125, M 53, D 6 20.9 mm (8–32) 2.6 mm (1.2–4.8)
  Kim SY31 607 LAD  5.3

39 LAD 32+Others 7 P 5, M 20, D 7 16.34±6.26 mm (6.9–30) 1.84±0.77 mm (0.5–3.9)
Autopsy
  Geiringer E32 100 LAD 23.0 – – –
  Edwards JC33 276 LAD  4.7

13 LAD P 4, M 7, D 2 (0.5–10.1 cm) (0.15–0.6 cm)
  Polacek P34 70 LAD 60.0

42 LAD – (3–69 mm) –
  Lee SS35 108 LAD 58.0

63 LAD 4 cm 15 mm –
  Stolte M36 711 LAD 22.9

163 LAD 33.6 mm 22.5 mm 2.8 mm
  Ishii T37 642 LAD 45.0

50 LAD – 19.7±1.5 mm –
  Bezerra AJC38 50 LAD 52.0 – – –
  Baptista CAC39 82 LAD 35.4

29 LAD – 21.5 mm (5.1–41.8) –
  Ishikawa Y8 200 LAD – 4.39±1.18 cm (1.5–10.0) 1.44±0.95 cm (0.5–5.0) 856.5±676.2μm (131–4,940)
  Loukas M40 35 LAD – – 32 mm 12 mm
  Ishikawa Y7 100 LAD with MI 46.0

46 LAD with MI 4.8±1.2 cm 1.70±1.15 cm 1,005±703μm
100 LAD without MI 4.57±1.3 cm 1.39±0.83 cm 797±526μm

  Cakmak Y41 39 All, fetus 38.5 – – –

MB, myocardial bridge; min., minimum; max., maximum; LAD, left anterior descending coronary artery; P, proximal; M, middle; D, distal; CT, 
computed tomography; RCA, right coronary artery; MI, myocardial infarction.
The location of MB indicates the site in the LAD or the distance from the left coronary ostium.
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Improvement in Detecting an MB in the LAD
Myocardial bridging in the LAD has been detected by angi-
ography, multidetector computed tomography (MDCT), and 
autopsy, as shown in the Table.2,7–41 It is more frequently 
detected by MDCT (3.5–58%) than by angiography (0.4–
15.8%). This discrepancy may have resulted from these dif-
ferent methods of MB detection; the increased detection rate 
is due to the better resolution of MDCT and the direct depic-
tion of MB muscle on imaging; an MB itself is not directly 
detectable on angiography in which it can be detected only 
by the milking or squeezing of the artery. In addition, the 
presence of an MB may often be missed on coronary angiog-
raphy in cases of a severely stenotic lesion in the coronary 
segment proximal to the MB, because limited coronary flow 
to the distal artery masks the typical milking effect.5 Con-
sidering that MB frequency is around 50% by autopsy, the 
recent introduction of MDCT has remarkably improved 
the detection rate. The higher frequency of MB detection at 
autopsy than with MDCT may be due to differences between 
these methods, because an MB thinner than 200 μm can only 
be detected by autopsy.

Furthermore, MBs have already been recognized in the 
LAD of a neonate,42 an infant suffering a myocardial infarc-
tion (MI),43 and autopsied fetal hearts,41 indicating that the 
MB is a chance congenital anatomical structure.

CHD Caused by the MB
The MB has long been considered benign based on angio-
graphic findings, and patients with an MB in the LAD are 
given a good long-term prognosis.15 However, many case 
studies indicate a close association between the presence of an 
MB and CHD,2,3,5,32,42 deleterious arrhythmia,3,42 sudden car-
diac death,43–45 and takotsubo cardiomyopathy.46,47 Symptom-
atic cases of MB have been repeatedly described; 183 cases 
without significant atherosclerosis have been reported from 
1968 to 2008.48 Such cases of CHD exhibit angina, myocar-
dial ischemia, and MI, but most patients have no significant 
coronary lesion except for the MB around the coronary artery, 
indicating that the CHD in these cases is induced directly by 
MB compression of the coronary artery at cardiac systole, 

irrespective of the presence of coronary atherosclerosis.48

Sudden cardiac death related to the presence of MB is also 
well known, especially in young patients or young athletes. 
MB in the LAD was detected in 6 of 16 cases (37.5%) of 
sudden cardiac death in subjects under 35 years of age.45 In 
addition, the rate of detecting an MB was 39.3% among 300 
individual who died from CHD, and the majority of these 
(61.0%) were sudden cardiac death.49 In sports medicine, MB 
is one of the main causes of sudden cardiac death among 
young competitive athletes.50,51 These reports indicate that an 
MB may cause life-threatening events, even in youth, through 
vigorous compression of the coronary artery during cardiac 
systole.

General Anatomical Properties of the MB
The anatomical properties of the MB, such as its location, 
length, and thickness, have been explored by various methods. 
On imaging analyses such as coronary angiography and 
MDCT, an MB is usually found in the middle segment of the 
LAD (Table). The distance of the MB’s entrance from the 
left coronary ostium has not generally been measured by 
imaging analyses, except for one study, which reported it as 
19.1±10.6 mm by coronary angiography and 30.4±14.0 mm 
by intravascular ultrasound.20 The MB length is approximately  
1.5–2.5 cm by imaging analyses and autopsy studies, with an  
average of less than 2 cm in most studies. MDCT imag-
ing techniques permit measurement of the MB’s thickness 
(Figure 2); the average in CHD patients has been often de-
scribed after the original description by Kantarci et al.22 
Lengths measured on MDCT vary from 0.5 to 3.6 cm (Table), 
and are similar to those measured at autopsy (0.8–2.8 cm).

It should be mentioned that these anatomical properties 
are interrelated. Longer MBs tend to be located more proxi-
mally in the LAD, and thicker MBs are located at a signifi-
cantly more proximal position.37 In addition, MB length usual-
ly correlates with MB thickness at autopsy8,37 and on MDCT.31

Two Distinct Mechanisms for CHD by the MB
The occurrence of CHD in patients with an MB is caused by 
2 distinct mechanisms: direct compression of the LAD by MB 

Figure 2.    Images  of  a  myocar-
dial bridge (MB) in a 49-year-old 
man with exertional angina by 16-
row  multidetector  computed  to-
mography. (a) Three-dimensional 
volume-rendered image in which 
the MB between the 2 white arrows 
covers the upper middle segment 
of the left anterior descending cor-
onary artery. (b) Curved planar re-
format  image  of  the  same  case 
as (a), in which the MB is 14.5 mm 
long  and  2.2 mm-thick  (arrows   
indicate  the entrance and exit of 
the MB).
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contraction,5 and enhancement of the natural history of coro-
nary atherosclerosis in the LAD segment proximal to the MB.7 
The former causes CHD mainly in young patients, and 
the latter seems to contribute to CHD occurrence in elderly 
patients. These 2 distinct mechanisms for CHD originate from 
a common origin based on the anatomical properties of MB.

Direct Compression of the LAD by the MB
Most reported cases of CHD due to the presence of MB 
exhibit no atherosclerotic lesion in the associated LAD.48 In 
such symptomatic MB cases, the occurrence of CHD is con-
sidered to be caused by direct MB compression of the LAD.5 
The compression of the LAD by MB contraction causes ret-
rograde blood flow at systole, which leads to increased blood 
flow velocity at early diastole and delayed diastolic relax-
ation at the bridged segment.52 Such abnormal hemodynamics 
reduce the blood flow reserve for peripheral perfusion and 
lead to myocardial ischemia.52,53 This phenomenon in com-
bination with anginal symptoms is further exacerbated by 
tachycardia54 as a result of the significantly shortened diastolic 
period.6 Tachycardia-induced reduction of coronary blood 
flow during exercise may cause not only myocardial ischemia, 
but also sudden cardiac death for young athletes with an MB 
in the LAD without atherosclerosis.45,50 In addition, coronary 
constriction due to vasospasm and subsequent thrombosis at 
the bridged segment can result in myocardial ischemia and/or 
infarction.55,56 Endothelium-dependent vasodilators, such as 
acetylcholine, enhance the vasoconstriction of the bridged 
segment, indicating endothelial dysfunction beneath the MB.5 
This endothelial dysfunction stimulates coronary vasospasm 
and transient platelet aggregation, leading to thrombosis in 
the segment proximal to or under the MB.5

Angiography reveals that patients exhibiting more than 
75% narrowing of the LAD from MB compression during 
cardiac systole experience severe myocardial ischemia.9 The 
magnitude of the compressive force exerted by the MB on 
the coronary artery is closely related to the contractile force 
of the MB muscle, which is distinctly associated with the 

anatomical properties of the MB, namely, its length,20 thick-
ness,29,57 and location.58 In fact, coronary angiography com-
bined with IVUS reveals that a longer MB has a significant 
association with more severe systolic compression,20 and 
MDCT shows that the thickness of MB correlates with the 
severity of systolic compression.29,57 In hypertrophic hearts, 
a long MB also leads to significant LAD compression,14 and a 
deeply situated intramyocardial LAD with a thick MB is asso-
ciated with sudden cardiac death.44 Furthermore, the location 
of the MB in patients with MI37,59,60 and symptomatic coro-
nary insufficiency58 tends to be proximal toward the coronary 
ostium. These reports indicate the close relationship between 
the anatomical properties of the MB and the occurrence of 
CHD. The anatomical properties of the MB therefore have  
a decisive role on the extent of the abnormal hemodynamics 
in the LAD.

Alteration of Atherosclerotic Distribution by MB Causing  
CHD
The presence of an MB in the LAD contributes to altered 
distribution of atherosclerosis within the entire course of the 
LAD.2,3,8 Development of atherosclerotic lesions is sup-
pressed in the intima just under the MB (Figure 3), but the 
LAD segment proximal to the MB is vulnerable to ath-
erosclerosis.2,4,5,8,37 These changes in the atherosclerotic dis-
tribution by presence of an MB have been widely recognized 
in autopsy,32,37 angiographic,20 and MDCT studies.24,28 LAD 
compression by the MB during cardiac systole results in an 
altered hemodynamic force of blood flow, leading to an 
altered distribution of the atherosclerotic lesions.3,5 Scanning 
electron microscopy reveals changes in the shape of the endo-
thelial cells in human LAD intima from flat and polygonal  
in the segment proximal to the MB to spindle-shaped and 
engorged under the MB.4 The intima beneath the MB is hemo-
dynamically regulated by high shear stress, indicating its 
lack of susceptibility to atherosclerosis, whereas the intima 
of the segment proximal to the MB is subject to lower shear 
stress, indicating a susceptibility to disease. This difference 

Figure 3.    Longitudinal sections of 
the  left  anterior  descending  coro-
nary artery (LAD) with a myocardial 
bridge  (MB)  in  the  normal  heart 
(elastica van Gieson). In each part 
of the Figure: the lower side is pe-
ripheral;  (*)  MB;  arrows  show  the 
entrance  of  the  MB;  scale  bar= 
1 mm. (a) 45-year-old male, (b) 62-
year-old male, (c) 84-year-old male. 
(a,b) LAD segment just under the 
MB shows only mild intimal thick-
ening. (c) Atheroma lesion in the 
LAD segment proximal to the MB, 
but the intimal lesion development 
is  remarkably  suppressed  under 
the MB. (Atheroma core melted out 
during  the  process  of  producing 
the microscopic slides.)
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in endothelial shape between the intima proximal to the MB 
and that under the myocardial covering is also confirmed in 
the cholesterol-fed rabbit model.61 Such hemodynamic altera-
tion caused by MB muscle contraction causes a decrease in 
the expression of vasoactive proteins, such as endothelial 
nitric oxide synthase, endothelin-1, and angiotensin-convert-
ing enzyme, in the endothelial cells of the LAD under the 
MB, leading to suppression of atherosclerosis under the MB.62 
In addition, pressure measurement with a catheter pressure 
transduction system shows that blood pressure in the LAD 
segment proximal to the MB is higher than aortic pressure.63 
This indicates that the disturbance of intracoronary blood flow 
and high wall stress proximal to the MB may also enhance the 
natural history of coronary atherosclerosis by intimal injury.

Such atherosclerotic evolution in the LAD intima proxi-
mal to the MB is basically regulated by the anatomical prop-
erties of the MB.3 The more proximal the MB is located to 
the left coronary ostium, the more turbulent the blood flow 
becomes in the LAD segment proximal to the MB, thus re-
sulting in the formation of severe atherosclerotic lesions in 
the segment proximal to the MB.37 A long and/or thick MB 
suppresses atherosclerotic evolution in the bridged segment 
to a greater degree than a short and/or thin MB,8 and the  
extent of intimal lesion in the LAD segment proximal to the 
MB is associated with the thickness and length of the MB.23 
In addition, histopathological analysis of the LAD in autop-
sied hearts with MI reveals that the presence of an MB with  
a larger muscle index (multiplication of MB thickness by 
MB length) is significantly associated with the occurrence of 
MI through the progression of stenotic atherosclerosis in the 

LAD proximal to the MB.7,64 In cases of MI, the location of 
the LAD segment with the most stenotic lesion in the seg-
ments proximal to the MB also significantly correlates with 
the location of the MB’s entrance, and atherosclerotic pro-
gression in the LAD proximal to the MB meets the proximal 
intima 2.0 cm from the MB entrance (Figure 4).7 In addi-
tion, the MB muscle index expressed by the 2 anatomical 
properties has an independent role in shifting the preferential 
site of atherosclerosis more proximally toward the coronary 
ostium, leading to MI.7 The anatomical properties of the MB 
muscle are important determinants for development of arte-
rial stenotic lesions in the segment proximal to the MB.

Treatment for CHD Caused by the MB
A survey of the literature on therapeutic strategies for patients 
with symptomatic MB indicates 3 options: medication, stent 
placement in the bridged segment, and surgical treatment. 
Coronary angiography shows that patients with ischemic 
symptoms generally demonstrate systolic narrowing >70–75% 
at the bridged segment at rest without nitrate administra-
tion9 and/or hemodynamic abnormality,21 and their abnormal 
blood flow should be improved by appropriate treatment. 
The anatomical properties of the MB also influence the 
method of treatment and the patient’s outcome.65

Medications
Beta-blocker therapy is the first choice of treatment for 
symptomatic patients.66 The β-blocker reduces the arterial 
compression induced by the MB and lowers the heart rate. It 

Figure 4.    Changes in atherosclerosis ratio (the ratio of intimal area: medial area in the cross-section of the left anterior descend-
ing coronary artery) at 5-mm intervals from the entrance to the myocardial bridge (MB) up toward the left coronary ostium in 
cases of myocardial  infarction  [MI(+);  n=36] and no  infarction  [MI(–);  n=100].  In  the MI(+) group,  the atherosclerosis  ratio   
increases from the MB entrance up to 2.0 cm and tends to decrease up toward the ostium. In contrast, the atherosclerosis ratio 
in the MB(–) group shows no significant fluctuation from 1.0 cm up toward the ostium. *Significant difference (P<0.01) between 
2 groups.
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also increases the diameter of the bridged arterial segment, 
resulting in a prolonged diastolic period and normalization 
of the maximal flow velocity within the bridged segment.67,68 
The negative inotropic effect of β-blockers increases coro-
nary perfusion and alleviates symptoms evoked by the MB. 
However, a calcium-channel blocker is effective for patients 
with a contraindication to β-blocker therapy or coronary vaso-
spasm.69 Nitrate is generally useful to relieve anginal symp-
toms due to coronary vasospasm but also enhances the coro-
nary compression by the MB at cardiac systole resulting in 
augmentation of angiographic squeezing effect16 and accen-
tuation of the luminal narrowing at the bridged segment.9

Stent Placement
Since the first trial,70 stent placement has been performed in 
the bridged segment to resolve the extra-coronary compres-
sion by the MB. Intracoronary stent implantation under the 
MB is used mainly in patients with severe systolic stenosis, 
complete occlusion at the bridged segment, or resistance to 
drug therapies. This procedure directly reduces the coronary 
compression by the MB, which increases the cross-sectional 
area of the bridged segment and coronary flow reserve by 
improvement of the intracoronary flow abnormalities.53,71 The 
mid-term prognosis of patients within 2–5 years after stent-
ing under the MB is relatively favorable.21,53,71

Nevertheless, some complications have been reported dur-
ing or after stent implantation, such as coronary perforation/
rupture immediately after stenting,56 stent fracture,72 and  
in-stent restenosis.71,73,74 Coronary perforation is caused by 
an oversized stent,56 because the coronary artery under the 
MB generally has a thin arterial wall and a smaller lumen 
diameter than the coronary segments proximal and distal to 
the MB.5 Stent fracture under the MB probably occurs due to 
mechanical compression by the MB contraction during sys-
tole, which may lead to in-stent restenosis and/or in-stent 
thrombosis.72 In-stent restenosis under the MB occurs more 
frequently than in cases with no MB.74 Although the coronary 
intima beneath the MB is usually free from atherosclerosis, 
stent implantation causes mechanical stretch and an intimal/
medial injury at the bridged segment, leading to the develop-
ment of in-stent neointima.71

Drug-eluting stent (DES) implantation in the bridged seg-
ment has also been attempted for alleviation of in-stent re-
stenosis.75,76 Compared with bare metal stents, the use of 
DES in atherosclerotic cases has contributed to a reduction 
of the in-stent restenosis rate.77 Short-term follow-up suggests 
that a DES is a better choice in MB cases.75 However, there 
is a report that suggests the use of DES in symptomatic MB 
patients does not further improve outcome, and that drug ther-
apy remains the mainstay for the treatment of such cases.76

To avoid complications from stent placement, it is neces-
sary to choose a suitable stent with a desirable radial strength 
against the compressive force of the MB, and/or with an 
appropriate length that completely covers the coronary seg-
ment under the MB.71 In turn, considering the effects of the 
anatomic properties of the MB in regulating the intracoronary 
compressive force across it, the development of an effective 
stent for the bridged LAD is required.

On the other hand, the significance of stent placement to 
fixed lesions in the LAD segment proximal to the MB should 
be noted, because the presence of an MB is closely associated 
with atherosclerotic progression related to CHD.7 In cases of 
stenting for a fixed-lesion site proximal to the MB, part of 
the stent sometimes extends into the bridged segment beyond 
the obstructive lesion site.78 Such inadvertent stent placement 

increases the incidence of late events, mainly within the site 
of the stent extending into the bridged segment.78 Further 
follow-up studies on the relationship between in-stent reste-
nosis and the anatomic properties of the MB are required for 
patients with stenting at a fixed-lesion site proximal to the 
MB.

Surgical Treatment
Since 1975, supraarterial myotomy of the MB has also been 
attempted in patients with repeated symptoms.79 Myotomy 
produces a complete relief of coronary compression and 
improves peripheral blood perfusion, leading to resolution of 
ischemic reaction.80 The mid- or long-term outcome of symp-
tomatic patients with surgical relief from MB compression  
is excellent.81 Myotomy is also effective for symptomatic 
patients with a long MB who are unsuitable for stent place-
ment in the bridged segment.82,83 Furthermore, this technique 
is favorable for pediatric patients with MB and hypertrophic 
cardiomyopathy who may suffer from myocardial ischemia 
due to augmented coronary compression by the MB.82,84 In 
young patients with a symptomatic MB, a life-long commit-
ment to medical management is required,85 and myotomy 
may contributes to durable normalization of the anatomic 
environment around the coronary artery.

Surgical procedures may, however, result in some compli-
cations, such as a perforation of the right ventricle and coro-
nary injury.80,81,86 When the LAD is situated deep within the 
anterior ventricular groove due to a thick MB, the right ven-
tricle may be accidentally perforated during myotomy.80 For 
cases of a long and/or thick MB, the coronary artery may be 
injured during decompressive myotomy,86 because it is not 
visible through the epicardial adipose tissue and is thin-walled 
under the bridged segment.5 In addition, there is a possibility 
of postoperative scar formation around the coronary artery, 
which causes recurrent compression of the coronary artery.86 
Hence, Li et al suggest that surgery be regarded as a limited 
treatment for patients with an isolated MB of less than 2.5 cm 
in length and 0.5 cm thickness.87 Coronary artery bypass graft-
ing rather than myotomy may be better for symptomatic MB 
patients with not only a thick MB (deeply embedded coro-
nary artery)88 but also atherosclerotic lesions in the coronary 
segments proximal to the MB or within the bridged segment.89 
Thus, the surgical application should be carefully decided 
after consideration of the anatomical properties of the MB and 
the presence of atherosclerosis in the affected coronary artery.

Conclusions
The anatomical properties of the MB contribute not only to 
the occurrence of CHD but also to the therapeutic strategies. 
The actual quantitative values of the anatomical properties of 
the MB predisposing to CHD or those influencing treatment 
have so far remained unclear. However, cardiologists as well 
as pathologists should be aware of the association between 
the anatomical properties of the MB and the 2 distinct mecha-
nisms leading to the occurrence of CHD in the management 
of patients with CHD who have an MB.

Acknowledgments
The authors are grateful to Ms. Tsukiko Sato and Ms. Kayo Tsuburaya for 
their excellent technical assistance in this study. This work was partly 
supported by 2 research grants (No. 21590588 to Yukio Ishikawa and No. 
22590322 to Toshiharu Ishii) from the Ministry of Education, Culture, 
Sports, Science and Technology of Japan. There are no relationship with 
industry and no conflicts of interest.

Advance Publication by J-STAGE



Anatomical Properties of a Myocardial Bridge

References
 1. Reyman HC. Dissertatio de vasis cordis propriis. Bibl Anat 1737; 

2: 359 – 378.
 2. Angelini P, Trivellato M, Donis J, Leachman RD. Myocardial 

bridges: A review. Prog Cardiovasc Dis 1983; 26: 75 – 88.
 3. Ishii T, Asuwa N, Masuda S, Ishikawa Y. The effects of a myo-

cardial bridge on coronary atherosclerosis and ischaemia. J Pathol 
1998; 185: 4 – 9.

 4. Ishii T, Asuwa N, Masuda S, Ishikawa Y, Kiguchi H, Shimada K. 
Atherosclerosis suppression in the left anterior descending coro-
nary artery by the presence of a myocardial bridge: An ultrastruc-
tural study. Mod Pathol 1991; 4: 424 – 431.

 5. Möhlenkamp S, Hort W, Ge J, Erbel R. Update on myocardial 
bridging. Circulation 2002; 106: 2616 – 2622.

 6. Bourassa MG, Butnaru A, Lesperance J, Tardif JC. Symptomatic 
myocardial bridges: Overview of ischemic mechanisms and cur-
rent diagnostic and treatment strategies. J Am Coll Cardiol 2003; 
41: 351 – 359.

 7. Ishikawa Y, Akasaka Y, Suzuki K, Fujiwara M, Ogawa T, Yamazaki 
K, et al. Anatomic properties of myocardial bridge predisposing to 
myocardial infarction. Circulation 2009; 120: 376 – 383.

 8. Ishikawa Y, Akasaka Y, Ito K, Akishima Y, Kimura M, Kiguchi H, 
et al. Significance of anatomical properties of myocardial bridge on 
atherosclerosis evolution in the left anterior descending coronary 
artery. Atherosclerosis 2006; 186: 380 – 389.

 9. Noble J, Bourassa MG, Petitclerc R, Dyrda I. Myocardial bridging 
and milking effect of the left anterior descending coronary artery: 
Normal variant or obstruction? Am J Cardiol 1976; 37: 993 – 999.

10. Ishimori T, Raizner AE, Chahine RA, Awdeh M, Luchi RJ. Myo-
cardial bridges in man: Clinical correlations and angiographic 
accentuation with nitroglycerin. Cathet Cardiovasc Diag 1977; 3: 
59 – 65.

11. Greenspan M, Iskandrian AS, Catherwood E, Kimbiris D, Bemis 
CE, Segal BL. Myocardial bridging of the left anterior descending 
artery: Evaluation using exercise thallium-201 myocardial scintig-
raphy. Cathet Cardiovasc Diag 1980; 6: 173 – 180.

12. Rossi L, Dander B, Nidasio GP, Arbustini E, Paris B, Vassanelli C, 
et al. Myocardial bridges and ischemic heart disease. Eur Heart J 
1980; 1: 239 – 245.

13. Kramer JR, Kitazume H, Proudfit WL, Sones FM Jr. Clinical sig-
nificance of isolated coronary bridges: Benign and frequent con-
dition involving the left anterior descending artery. Am Heart J 
1982; 103: 283 – 288.

14. Channer KS, Bukis E, Hartnell G, Rees JR. Myocardial bridging of 
the coronary arteries. Clin Radiol 1989; 40: 355 – 359.

15. Juilliere Y, Berder V, Stuy-Selton C, Buffet P, Danchin N, Cherrier 
F. Isolated myocardial bridges with angiographic milking of the left 
anterior descending coronary artery: A long-term follow-up study. 
Am Heart J 1995; 129: 663 – 665.

16. Hongo Y, Tada H, Ito K, Yasumura Y, Miyatake K, Yamaguchi M. 
Augmentation of vessel squeezing at coronary-myocardial bridge 
by nitroglycerin: Study by quantitative coronary angiography and 
intravascular ultrasound. Am Heart J 1999; 138: 345 – 350.

17. Sorajja P, Ommen SR, Nishimura RA, Gersh BJ, Tajik AJ, Holmes 
DR Jr. Myocardial bridging in adult patients with hypertrophic car-
diomyopathy. J Am Coll Cardiol 2003; 42: 889 – 894.

18. Cay S, Özturk S, Cihan G, Kisacik HL, Korkmaz S. Angiographic 
prevalence of myocardial bridging. Anadolu Kardiyol Derg 2006; 
6: 9 – 12.

19. Kim JW, Park CG, Suh SY, Choi CU, Kim EJ, Rha SW, et al. 
Comparison of frequency of coronary spasm in Korean patients 
with versus without myocardial bridging. Am J Cardiol 2007; 100: 
1083 – 1086.

20. Tsujita K, Maehara A, Mintz GS, Doi H, Kubo T, Castellanos C,  
et al. Comparison of angiographic and intravascular ultrasonic de-
tection of myocardial bridging of the left anterior descending coro-
nary artery. Am J Cardiol 2008; 102: 1608 – 1613.

21. Schwarz ER, Gupta R, Haager PK, vom Dahl J, Klues HG, Minartz 
J, et al. Myocardial bridging in absence of coronary artery disease: 
Proposal of a new classification based on clinical-angiographic data 
and long-term follow-up. Cardiology 2009; 112: 13 – 21.

22. Kantarci M, Duran C, Durur I, Alper F, Onbas O, Gulbaran M, et al. 
Detection of myocardial bridging with ECG-gated MDCT and mul-
tiplanar reconstruction. Am J Roentgenol 2006; 186: S391 – S394.

23. Zeina AR, Odeh M, Blinder J, Rosenschein U, Barmeir E. Myo-
cardial bridge: Evaluation on MDCT. Am J Roentgenol 2007; 188: 
1069 – 1073.

24. Kawawa Y, Ishikawa Y, Gomi T, Nagatomo M, Terada H, Ishii T, 
et al. Detection of myocardial bridge and evaluation of its anatomi-

cal properties by coronary multislice spiral computed tomography. 
Eur J Radiol 2007; 61: 130 – 138.

25. Lubarsky L, Gupta MP, Hecht HS. Evaluation of myocardial bridg-
ing of the left anterior descending coronary artery by 64-slice mul-
tidetector computed tomographic angiography. Am J Cardiol 2007; 
100: 1081 – 1082.

26. Leschka S, Koepfli P, Husmann L, Plass A, Vachenauer R,  
Gaemperli O, et al. Myocardial bridging: Depiction rate and mor-
phology at CT coronary angiography: Comparison with conven-
tional coronary angiography. Radiology 2008; 246: 754 – 762.

27. Kim PJ, Hur G, Kim SY, Namgung J, Hong SW, Kim YH, et al. 
Frequency of myocardial bridges and dynamic compression of epi-
cardial coronary arteries: A comparison between computed tomog-
raphy and invasive coronary angiography. Circulation 2009; 119: 
1408 – 1416.

28. Bayrak F, Degertekin M, Eroglu E, Guneysu T, Sevinc D, Gemici 
G, et al. Evaluation of myocardial bridges with 64-slice computed 
tomography coronary angiography. Acta Cardiol 2009; 64: 341 –  
346.

29. Liu SH, Yang Q, Chen J, Wang X, Wang M, Liu C. Myocardial 
bridging on dual-source computed tomography: Degree of systolic 
compression of mural coronary artery correlating with length and 
depth of the myocardial bridge. Clin Imaging 2010; 34: 83 – 88.

30. Lazoura O, Kanavou T, Vassiou K, Gkiokas S, Fezoulidis IV. Myo-
cardial bridging evaluated with 128-multi detector computed tomog-
raphy coronary angiography. Surg Radiol Anat 2010; 32: 45 – 50.

31. Kim SY, Lee YS, Lee JB, Ryu JK, Choi JK, Chang SG, et al. 
Evaluation of myocardial bridge with multidetector computed 
tomography. Circ J 2010; 74: 137 – 141.

32. Geiringer E. The mural coronary. Am Heart J 1951; 41: 359 – 368.
33. Edwards JC, Burnsides C, Swarm RL, Lansing AI. Arteriosclerosis 

in the intramural and extramural portions of the coronary arteries 
in the human heart. Circulation 1956; 13: 235 – 241.

34. Polacek P, Kralove H. Relation of myocardial bridges and loops on 
the coronary arteries to coronary occlusions. Am Heart J 1961; 61: 
44 – 52.

35. Lee SS, Wu TL. The role of the mural coronary artery in preven-
tion of coronary atherosclerosis. Arch Pathol 1972; 93: 32 – 35.

36. Stolte M, Weis P, Prestele H. Muscle bridges over the left ante-
rior descending coronary artery: Their influence on arterial disease. 
Virchows Arch A Pathol Anat Histol 1977; 375: 23 – 36.

37. Ishii T, Hosoda Y, Osaka T, Imai T, Shimada H, Takami A, et al. 
The significance of myocardial bridge upon atherosclerosis in the 
left anterior descending coronary artery. J Pathol 1986; 148: 279 –  
291.

38. Bezerra AJC, Prates JC, Didio LJA. Incidence and clinical signifi-
cance of bridges of myocardium over the coronary arteries and 
their branches. Surg Radiol Anat 1987; 9: 273 – 280.

39. Baptista CAC, DiDio LJA. The relationship between the directions 
of myocardial bridges and of the branches of the coronary arteries 
in the human heart. Surg Radiol Anat 1992; 14: 137 – 140.

40. Loukas M, Curry B, Bowers M, Louis RG Jr, Bartczak A,  
Kiedrowski M, et al. The relationship of myocardial bridges to 
coronary artery dominance in the adult human heart. J Anat 2006; 
209: 43 – 50.

41. Cakmak YO, Cavdar S, Yalm A, Yener N, Ozdogmus O. Myocar-
dial bridges of the coronary arteries in the human fetal heart. Anat 
Sci Int 2010; 85: 140 – 144.

42. Kalaria VG, Koradia N, Breall JA. Myocardial bridge: A clinical 
review. Cathet Cardiovasc Interv 2002; 57: 552 – 556.

43. Gow RM. Myocardial bridging: Does it cause sudden death? Card 
Electrophysiol Rev 2002; 6: 112 – 114.

44. Morales AR, Romanelli R, Tate LG, Boucek RJ, de Marchena E. 
Intramural left anterior descending coronary artery: Significance of 
the depth of the muscular tunnel. Hum Pathol 1993; 24: 693 – 701.

45. Corrado D, Thiene G, Cocco P, Frescura C. Non-atherosclerotic 
coronary disease and sudden death in the young. Br Heart J 1992; 
68: 601 – 607.

46. Chambers JD Jr, Johns JP, Berndt TB, Davee TS. Myocardial stun-
ning resulting from systolic coronary artery compression by myo-
cardial bridging. Am Heart J 1994; 128: 1036 – 1038.

47. Boktor M, Mansi IA, Troxclair S, Modi K. Association of myo-
cardial bridge and Takotsubo cardiomyopathy: A case report and 
literature review. South Med J 2009; 102: 957 – 960.

48. Ishikawa Y, Kawawa Y, Kohda E, Ishii T. Coronary events caused 
by myocardial bridge. Ann Vasc Dis 2009; 2: 79 – 94.

49. Rozenberg VD, Nepomnyashchikh LM. Pathomorphology and 
pathogenic role of myocardial bridges in sudden cardiac death. 
Bull Exp Biol Med 2004; 138: 87 – 92.

50. Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC, Mueller 

Advance Publication by J-STAGE



ISHIKAWA Y et al.

FO. Sudden death in young competitive athletes: Clinical, demo-
graphic, and pathological profiles. JAMA 1996; 276: 199 – 204.

51. Futterman LG, Myerburg R. Sudden death in athletes: An update. 
Sports Med 1998; 26: 335 – 350.

52. Ge J, Erbel R, Rupprecht HJ, Koch L, Kearney P, Görge G, et al. 
Comparison of intravascular ultrasound and angiography in the 
assessment of myocardial bridging. Circulation 1994; 89: 1725 –  
1732.

53. Klue HG, Schwarz ER, vom Dahl J, Reffelmann T, Reul H, Potthast 
K, et al. Disturbed intracoronary hemodynamics in myocardial 
bridging: Early normalization by intracoronary stent placement. 
Circulation 1997; 96: 2905 – 2913.

54. Schwarz ER, Klues HG, vom Dahl J, Kein I, Hanrath P. Functional 
characteristics of myocardial bridging: A combined angiographic 
and intracoronary Doppler flow study. Eur Heart J 1997; 18: 434 –  
442.

55. Agirbasli M, Hillegass WB Jr, Chapman GD, Brott BC. Stent proce-
dure complicated by thrombus formation distal to the lesion within 
a muscle bridge. Cathet Cardiovasc Diagn 1998; 43: 73 – 76.

56. Berry JF, von Mering GO, Schmalfuss C, Hill JA, Kerensky RA. 
Systolic compression of the left anterior descending coronary artery: 
A case series, review of the literature, and therapeutic options in-
cluding stenting. Cathet Cardiovasc Interv 2002; 56: 58 – 63.

57. Elmali M, Soylu K, Gulel O, Bayrak IK, Koprulu D, Diren HB, et 
al. Correlation between depth of myocardial bridging and coronary 
angiography findings. Acta Radiol 2008; 49: 883 – 888.

58. Ural E, Bildirici U, Celikyurt U, Kilic T, Sahin T, Acar E, et al. 
Long-term prognosis of non-interventionally followed patients with 
isolated myocardial bridge and severe systolic compression of the 
left anterior descending coronary artery. Clin Cardiol 2009; 32: 
454 – 457.

59. Morales AR, Romanelli R, Boucek RJ. The mural left anterior 
descending coronary artery, strenuous exercise and sudden death. 
Circulation 1980; 62: 230 – 237.

60. Bestetti RB, Costa RS, Zucolotto S, Oliveira JS. Fatal outcome 
associated with autopsy proven myocardial bridging of the left 
anterior descending coronary artery. Eur Heart J 1989; 10: 573 –  
576.

61. Ishikawa Y, Ishii T, Asuwa N, Masuda S. Absence of atheroscle-
rosis evolution in the coronary arterial segment covered by myo-
cardial tissue in cholesterol-fed rabbits. Virchows Arch 1997; 430: 
163 – 171.

62. Masuda T, Ishikawa Y, Akasaka Y, Itoh K, Kiguchi H, Ishii T. The 
effect of myocardial bridging of the coronary artery on vasoactive 
agents and atherosclerosis localization. J Pathol 2001; 193: 408 –  
414.

63. Ge J, Erbel R, Görge G, Haude M, Meyer J. High wall shear stress 
proximal to myocardial bridging and atherosclerosis: Intracoronary 
ultrasound and pressure measurements. Br Heart J 1995; 73: 462 –  
465.

64. Takamura K, Fujimoto S, Namjo S, Nakanishi R, Hisatake S, 
Namiki A, et al. Anatomical characteristics of myocardial bridge in 
patients with myocardial infarction by multi-detector computed 
tomography. Circ J 2011; 75: 642 – 648.

65. Kim SS, Jeong MH, Kim HK, Kim MC, Cho KH, Lee MG, et al. 
Long-term clinical course of patients with isolated myocardial 
bridge. Circ J 2010; 74: 538 – 543.

66. Bestetti RB, Finzi LA, Amaral FTV, Secches AL, Oliveira JSM. 
Myocardial bridging of coronary arteries associated with an im-
pending acute myocardial infarction. Clin Cardiol 1987; 10: 129 –  
131.

67. Nair CK, Dang B, Heintz MH, Sketch MH. Myocardial bridges: 
Effect of propranolol on systolic compression. Can J Cardiol 1986; 
2: 218 – 221.

68. Schwarz ER, Klues HG, vom Dahl J, Klein I, Krebs W, Hanrath P. 
Functional, angiographic and intracoronary Doppler flow character-
istics in symptomatic patients with myocardial bridging: Effect of 
short-term intravenous beta-blocker medication. J Am Coll Cardiol 

1996; 27: 1637 – 1645.
69. Joyal D, Charbonneau F. Vasospasm and myocardial bridge. Can J 

Cardiol 2003; 19: 1440 – 1442.
70. Stables RH, Knight CJ, McNeill JG, Sigwart U. Coronary stenting in 

the management of myocardial ischaemia caused by muscle bridg-
ing. Br Heart J 1995; 74: 90 – 92.

71. Haager PK, Schwarz ER, vom Dahl J, Klues HG, Reffelmann T, 
Hanrath P. Long term angiographic and clinical follow up in pa-
tients with stent implantation for symptomatic myocardial bridging. 
Heart 2000; 84: 403 – 408.

72. Tandar A, Whisenant BK, Michaels AD. Stent fracture following 
stenting of a myocardial bridge: Report of two cases. Cathet Cardio-
vasc Interv 2008; 71: 191 – 196.

73. Prendergast BD, Kerr F, Starkey IR. Normalization of abnormal 
coronary fractional flow reserve associated with myocardial bridg-
ing using an intracoronary stent. Heart 2000; 83: 705 – 707.

74. Kursaklioglu H, Barcin C, Iyisoy A, Kose S, Amasyali B, Isik E. 
Angiographic restenosis after myocardial bridge stenting: A com-
parative study with direct stenting of de-novo atherosclerotic lesions. 
Jpn Heart J 2004; 45: 581 – 589.

75. Singh H, Singh C, Kumar A, Aggarwal N, Banerji A. Acute myo-
cardial infarction secondary to myocardial bridge treated with drug-
eluting stent. Indian Heart J 2005; 57: 734 – 737.

76. Kunamneni PB, Rajdev S, Krishnan P, Moreno PR, Kim MC, 
Sharma SK, et al. Outcome of intracoronary stenting after failed 
maximal medical therapy in patients with symptomatic myocardial 
bridge. Cathet Cardiovasc Interv 2008; 71: 185 – 190.

77. Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR, 
O’Shaughnessy C, et al. Sirolimus-eluting stents versus standard 
stents in patients with stenosis in a native coronary artery. N Engl J 
Med 2003; 349: 1315 – 1323.

78. Tsujita K, Maehara A, Mintz GS, Doi H, Kudo T, Castellanos C, et 
al. Impact of myocardial bridge on clinical outcome after coronary 
stent placement. Am J Cardiol 2009; 103: 1344 – 1348.

79. Binet JP, Planche C, Leriche H, Raza A, Kone A, Piot C, et al. 
Myocardial bridge compressing the anterior inter- ventricular artery: 
Apropos of a successfully operated case. Arch Mal Coeur Vaiss 
1975; 68: 85 – 90.

80. Iversen S, Hake U, Mayer E, Erbel R, Diefenbach C, Oelert H. 
Surgical treatment of myocardial bridging causing coronary artery 
obstruction. Scand J Thorac Cardiovasc Surg 1992; 26: 107 – 111.

81. Rezayat P, Hassan D, Amirreza S, Susan H. Myocardial bridge: 
Surgical outcome and midterm follow up. Saudi Med J 2006; 27: 
1530 – 1533.

82. Walters DL, Aroney CN, Radford DJ. Coronary stenting for a 
muscular bridge in a patient with hypertrophic obstructive cardio-
myopathy. Cardiol Young 2003; 13: 377 – 379.

83. Tio RA, Ebels T. Ventricular septal rupture caused by myocardial 
bridging. Ann Thorac Surg 2001; 72: 1369 – 1370.

84. Downar J, Williams WG, McDonald C, Wingle ED, McCrindle 
BW. Outcome after “unroofing” of a myocardial bridge of the left 
anterior descending coronary artery in children with hypertrophic 
cardiomyopathy. Pediatr Cardiol 2004; 25: 390 – 393.

85. Hillman ND, Mavroudis C, Backer CL, Duffy CE. Supraarterial 
decompression myotomy for myocardial bridging in a child. Ann 
Thorac Surg 1999; 68: 244 – 246.

86. Baryalei MM, Tirilomis T, Buhre W, Kazmaier S, Schoendube FA, 
Aleksic I. Off-pump supraarterial decompression myotomy for 
myocardial bridging. Heart Surg Forum 2005; 8: E49 – E54.

87. Li W, Li Y, Sheng L, Gong Y. Myocardial bridge: Is the risk of 
perforation increased? Can J Cardiol 2008; 24: e80 – e81.

88. Faruqui AMA, Maloy WC, Felner JM, Schlant RC, Logan WD, 
Symbas P. Symptomatic myocardial bridging of coronary artery. 
Am J Cardiol 1978; 41: 1305 – 1310.

89. Parashara DK, Ledley GS, Kolter MN, Yazdanfar S. The combined 
presence of myocardial bridging and fixed coronary artery steno-
sis. Am Heart J 1993; 125: 1170 – 1172.

Advance Publication by J-STAGE


