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Abstract
Background: Myocardial bridges (MB) are anatomical anomalies with possible clinical repercussions; hence, their 
understanding deserves attention.

Objective: To determinate the prevalence and characterize MB in human hearts from the state of Ceará. Methods: 
Fifty hearts of adult human cadavers from the Medicine School of Federal University of Ceará, Brazil. The hearts were 
dissected to identify MBs that pass over part of the coronary artery. The segment of the artery (proximal, middle, and 
distal) with a bridge was identified. The external diameter of the artery at the proximal and distal points of the MB was 
measured. The length and thickness of the MB were also measured with an electronic caliper. The muscle index (MMI) 
of the MB was calculated as the product of length and thickness expressed in millimeters. The significance level adopted 
in the statistical analysis was 5%.

Results: MB was confirmed in 40% of sample. Approximately one third of the sample had only 1 MB. MB was most 
frequently found over the anterior interventricular branch of the left coronary artery (59.25%, p=0.02), and its 
prevalence in other branches was much lower (22.23%). The most affected segments of arteries were the superior 
(44.44%) and medium (40.74%). The mean diameter of arteries proximal to the MB was 2.38±0.97mm (range=0.78-
5.15mm), and the diameter distal to the MB was 1.71±0.75mm (range=0.42-3.58mm). The length was measured as 
mean=8.55±5.27mm, while the mean thickness was 0.89±0.33mm.

Conclusion: A high prevalence of MB is more likely to affect the left coronary artery system with larger MMI than other 
affected branches.
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Introduction
Myocardial bridge (MB) is a congenital coronary artery 

anomaly defined by the partial involvement of an arterial 
heart branch by myocardial muscle fibers, forming a muscle 
bridge over the involved vessels.1,2 MB can be found in 
any epicardial coronary artery; however, there is a greater 
prevalence along the course of the anterior interventricular 
branch (AIB) of the left coronary artery (LCA), also called left 
anterior descending coronary (LAD), in clinical studies.3,4 This 
anatomical variation is more common in the middle segment 
of the anterior descending coronary.5

A recent meta-analysis study showed a mean MB 
prevalence of around 19%.6 However, data on the frequency 
of MB are usually quite variable in the literature, depending 

on the methods used for their diagnosis. About this, the 
prevalence tends to be higher when considering post-mortem 
diagnoses.2,7 Currently, the use of new complementary exam 
techniques, such as intravascular ultrasound and cardiac 
computed tomography, has increased the sensitivity for 
MB detection, and has enabled a better morphological and 
functional characterization of these anatomical findings.2,8

The presence of MB is clinically relevant due to its 
association with anginal symptoms, myocardial ischemia, left-
ventricular dysfunction, acute myocardial infarction (AMI), 
or even sudden death,8-13 and is also an important risk factor 
for coronary artery disease in various clinical situations.8 
The pathophysiological mechanisms of ischemia associated 
with MB are still controversial and poorly understood due 
to the limitations of in vivo analysis.2,8 Once the diagnosis is 
established, the therapeutic measures are essentially drug-
based and seek to maintain the heart rate at baseline values, 
which are considered first-line approaches.14

Stent implantation under the MB is, basically, a 
malpractice nowadays for a myriad of acute and long-
term vital complications, while surgical decompression 
is debatable and offered in limited high-skilled centers; 
therefore, it is not feasible for all worldwide.3 In this 
perspective, it is necessary to investigate the prevalence of 
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MB in populations, as it is a relatively common finding and 
an important risk factor for cardiovascular pathologies with 
high rates of morbidity and mortality, such as arteriosclerosis 
and AMI.15,16 Thus, this work aims to study the prevalence of 
MB in the branches of coronary arteries in dissected hearts 
in the state of Ceará in northeastern Brazil. Also analyze 
the length and thickness of the bridges, and whether there 
is a difference in the value of the muscle index of the MB 
located above the AIB and those bridges located above other 
branches of the coronary arteries.

Material and methods
Fifty hearts of adult human cadavers were obtained for 

convenience from the Anatomy Department, School of 
Medicine, Federal University of Ceará, Ceará, Brazil. The 
number of hearts was not higher due to the scarcity of 
available specimens. The hearts were preserved in glycerin 
until analysis. Information, including age, gender, ethnicity, 
medical history, and cause of death could not be acquired 
due to the absence of records.

The specimens were selected from an intentional 
non-probabilistic sampling according to the following 

criteria: heart with the presence of the main arterial trunk 
and its branches preserved in subepicardial fatty tissue, 
preserved cardiac muscle, ensuring the visualization of the 
morphological characteristics of each specimen.

The epicardium and epicardial fat were carefully 
dissected. Thereafter, the origin and the course of the 
coronary arteries and their important branches were carefully 
delineated. All were followed carefully to see any bridging 
myocardium running over the arteries. If MB were detected, 
the segment of the artery (proximal, middle, and distal) with 
bridge was identified. The external diameter of the artery 
at the immediate proximal and distal points of the MB was 
measured. Subsequently, the length and thickness of the 
MB were also measured with the aid of a precise electronic 
caliper (DIGIMESS®, São Paulo, Brazil) of 0.01 mm accuracy. 
The muscle index of MB was calculated as the product of 
length and thickness expressed in millimeters. 

Statistical analysis
The data were collected in excel software sheets and 

analyzed statistically using GraphPad Prism, version 6.00, 
for Windows, California USA. Continuous variables were 
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ORIGIN OF MB

•	 59.25% – MB above AIB

•	 22.23% – MB above PIB

•	 14.82% – MB above LMB

MEAN LENGTH

•	 8.55±5.27mm

MEAN THICKNESS

•	 0.59±0.33mm

AIB MB

•	 The greatest mean length

•	 The greatest average 
thickness

•	 The greatest Myocardial 
Muscle Index 
(p<0.02)

SEGMENT IN BRANCH

•	 44.44% – superior

•	 40.74% – medium

Main findings in this article. MB: myocardial bridge; AIB: anterior interventricular branch; PIB: posterior interventricular branch; LMB: left marginal branch.
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described through mean and standard deviation (SD) and 
were analyzed as normality by the Shapiro-Wilk test. The 
categorical variables were presented in tables, with the 
frequency of the studied variables. Comparisons between 
variables were performed using the unpaired Student’s t-test. 
Values at p < 0.05 were considered statistically significant. 
This anatomical study was performed after the agreement 
of the ethical committee of the School of Medicine, Federal 
University of Ceará, Ceará, Brazil.

Results
The presence of a MB was confirmed in 40% of the hearts 

(n=20). Approximately one third of the sample (n=16, 32%) 
had only one MB. our study also found 4% (n=2) with two 
MBs (in different arteries) and 2% (n=1) with three MBs 
(2 MBs above the AIB) and four MBs (2 MBs above AIB) - 
Central Illustration.

Twenty-seven MBs were identified in the sample, which 
were most commonly found above the AIB (n=16, 59.25%). 
Frequency of bridges above other branches was much lower, 
with 22.23% (n=6) above the posterior interventricular 
branch (PIB) and 14.82% (n=4) above the left marginal 
branch (LMB) (Table 1, Central Illustration).

The MBs were present mainly in the superior (44.44%) 
and medium (40.74%) segments of the arteries (Central 
Illustration). The mean diameter of arteries proximal to the 
MBs was 2.38±0.97 mm (range= 0.78-5.15 mm) and the 
diameter distal to the MBs was 1.71±0.75 mm (range = 
0.42-3.58 mm).

The mean length of MBs amounted to 8.55±5.27 mm 
(range= 2.79-22.95 mm), while the mean thickness was 
0.89±0.33 mm (range= 0.37-1.83 mm) - Central Illustration. 
Furthermore, the value of the Myocardial Bridge Muscle 
Index (MBMMI) ranged from a minimum of 1.70 mm to a 
maximum of 28.69 mm and amounted to 8.19±7.30 mm 
in the three arteries (Table 2).

The greatest mean length of the MBs was located above 
the AIB, which amounted to 10.76±5.69 mm (ranging 
from a minimum of 3.97 mm to a maximum of 22.95 mm), 
and the two longest bridges (19.92 mm and 22.95 mm, 
respectively) were located above that artery (Figure 1). The 
greatest average thickness occurred in the bridges located 
above the AIB, which amounted to 1.0±0.32 mm, with the 
broad range from a minimum of 0.54 mm to a maximum of 
1.83 mm, which included the thickest bridge and one from 
the two thinnest bridges (Central Illustration). 

In this study, the MBMMI of the MB also showed the 
highest mean value in bridges located above the AIB as 
compared to the group of bridges located on other branches 
(p=0.02) (Table 3, Central Illustration).

Discussion
The current study obtained a prevalence of MBs (40%) 

similar to another study conducted with a population in 
northeastern Brazil (40.4%).17 However, this prevalence 
was higher than other studies: 1.44%,18 3.9%,11 and 19%6 
reported in the literature. It is well-known that the diagnosis 

of MB depends on the method of assessment. A systematic 
review found a mean prevalence of 1.9% for angiography 
(n=2.141 out of 110.203 cases evaluated), 18.9% for 
angiotomography (CCTA) (n=8.313 cases out of 43.904 
evaluated), and 32.9% for autopsies (n=1442 in 4.384 
cases).5 Therefore, the obtained value is corroborated 
by studies that observed a prevalence of approximately 
40%.5,19,20 This broad discrepancy in prevalence values can 
be explained by the different methods used to determine 
the diagnosis of MB and the evaluated sample.5,18 Despite 
the contrast in the prevalence of MB, imaging tests, such 
as angiography,2,5,9,11,14,21 intravascular ultrasound,2,18 and 
CCTA,2,5,8 are used to define the in vivo diagnosis. 

In nearly half of the cases, the diagnosis is only possible 
by means of an autopsy, mainly in morphological alterations 
smaller than 200 micrometers.15 Therefore, post-mortem 
studies show a greater diagnostic sensitivity than do indirect 
diagnostic methods (imaging tests)2,5,7 and a lower rate of 
false negatives, due to visual access, possibility dissection, 
physical manipulation, and less impact of the technique 
and experience of the evaluator. The MB is a congenital 
anomaly with a markedly variable reported incidence on 
autopsy (4.7%–86%), likely related to geographic regions. 
This data was collected from the autopsy study performed 
on 100 hearts with medical records.3

MB is a risk factor for atherosclerosis,2,6,8-11,14-16,18,19,21-23 

especially in patients with diabetes mellitus.8 This 
relationship is particularly important to consider the 
risk of more severe cardiovascular diseases, such as 
AMI.9,11,15,19 However, the diagnosis of MB presents a 
prognosis considered good, with variations of 0-5% of 

Table 1 – Distribution of Myocardial Bridges (n=27) above the 
arteries in the hearts (n=50)

Blood  
vessel

Hearts with 
MB %

Number  
of MB

AIB 32.0 16 (59.25)

PIB 12.0 6 (22.23)

LMB 8.0 4 (14.82)

PVB 2.0 1 (3.7)

Total - 27 (100.0)

MB: myocardial bridge; AIB: anterior interventricular branch; PIB: posterior 
interventricular branch; LMB: left marginal branch; PVB: posterior 
ventricular branch.

Table 2 – Morphological aspects of myocardial bridges (N=27)

Length  
(mm)

Thickness 
(mm) MBMMI

Mean 8.55 0.89 8.19

Std. deviation 5.27 0.33 7.30

MBMMI: Myocardial Bridge Muscle Index (length x thickness).
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mortality, without AMI, in follow-ups of 2-5 years.11,19,21 It 
is noteworthy that the use of these complementary tests, 
such as intravascular ultrasound and cardiac computed 
tomography, has increased the sensitivity for detecting 
MB in vivo, as well as enabled better morphological and 
functional characterizations of these anatomical findings 
in patients,1,2,8 allowing for early diagnosis, treatment, 
and a better quality of life, even in patients without 
cardiovascular symptoms.9,17,19

The MB length ranged from 2.79 to 22.95 mm, with 
an average of 8.55 mm. This pattern was lower than in 
the literature,5,22 with a mean of 19.3 mm in a systematic 
review.5 It is well-known that the length is variable, even 
when considering the evaluation method,5,23 most likely 
due to the limitations of the technique. For the methods 
of angiography and angiotomography, a mean length 
of 21.0 mm was reported.5 The average thickness was  
0.89 mm, which was greater than the 0.46 mm obtained 
in one study23 and less than the findings of one systematic 
review (3.2 mm and 3 mm in autopsies and CCTA/
angiographies, respectively).5 

The MBMMI was almost 3x higher in the anterior 
interventricular trunk of the LCA than in other coronary 
trunks. The MBMMI is calculated by the product of the MB 
length and halo thickness (depth). When set apart, length10,23 
and thickness10 are related to the individual’s cardiovascular 
symptomatology, while high length or thickness present 

a greater risk of expressing cardiovascular symptoms.10 
Furthermore, concerning MBMMI, there is a relationship 
between high scores and hemodynamic dysfunction, but this 
index may provide non-invasive insight into the impact of 
MBs on affected vessels.24 Therefore, AIB expresses a worse 
clinical prognosis.

Studies show that MBs that pass over the blood vessel 
could have a great contractive power and, consequently, 
a great compressive force, which would be exerted on the 
wall of a crossed blood vessel. Although some MBs can be 
asymptomatic, their presence often causes coronary disease, 
either through direct compression of the segment or through 
stimulation and accelerated development of atherosclerosis 
in the segment proximal to the MB.25

Regarding the methodological design, although the 
sample size of the current study is relatively small, it is 
important, as it presents information that was previously 
unavailable in the literature. However, it is important to 
understand that the sample characterization and control 
bias is present due to the impossibility of obtaining 
information on such characteristics as age, gender, 
ethnicity, clinical history, and cause of death.

The Left Anterior Descending Artery in its anterior 
interventricular trunk (32%), branch of the LCA, was 
the most affected location. This was corroborated by a 
Brazilian study17 and partially by a systematic review, 
showing that the left anterior interventricular artery was 
the most affected, but with a higher prevalence (79.3%).5 
The LMB (8%) and posterior ventricular trunk (2%) were 
similar (8.8% and 2.3%, respectively) to the literature.5,26 
The prevalence of the right coronary system (12% in the 
PIB or right posterior descending artery) was much higher 
than previous findings (3.7%).5

Conclusion
The present study revealed a profile for the high 

prevalence of MB, with a high probability of being present 
in the left coronary artery system with a larger MMI than 
that found in other affected branches, as well as a worse 
prognosis. Therefore, for clinicians, this study emphasizes 
the importance and need for an early investigation of 
MB, even in healthy patients without anginal symptoms. 
It also calls for the prevention of important cardiovascular 
events needed to obtain a better prognosis and quality of 
life for patients.

Table 3 – Difference of the mean values of the MI between 
bridges located above the AIB and those located on other 
branches

N Mean SD p

MI

AIB 16 11.18 8.18

0.02Other 
branches

11 3.83 1.75

N: number of observations; AIB: anterior interventricular branch; MI: muscle 
index of the myocardial bridge; SD: standard deviation.

Figure 1 – Identification of a myocardial bridge. MB: myocardial bridge;  
AIB: anterior interventricular branch.

4



Arq Bras Cardiol. 2023;120(7):e20220460

Original Article

Lucena et al.
Morphological study of myocardial bridge.

Author Contributions
Conception and design of the research: Silveira HF, Lucena 

JD; Acquisition of data: Brito HM, Sanders JVS, Cavalcante 
JB, Collyer MC, Leite CL; Analysis and interpretation of the 
data: Brito HM, Sanders JVS, Cavalcante JB, Silveira HF, 
Lucena JD, Ferreira Filho JCC; Statistical analysis, Writing of 
the manuscript and Critical revision of the manuscript for 
important intellectual content: Lucena JD, Ferreira Filho JCC.

Potential conflict of interest 
No potential conflict of interest relevant to this article 

was reported.

Sources of funding

There were no external funding sources for this study.

Study association

This study is not associated with any thesis or dissertation 
work.

Ethics approval and consent to participate

This article does not contain any studies with human 
participants or animals performed by any of the authors.

1. 	 Machado EG, Torres AGMJ, Soares LG, Soares GP, SoaresPSL, et al. 
Myocardial Bridging: Literature Review. Rev Med. 2012;91(4):241-5.

2. 	 Tarantini G, Migliore F, Cademartiri F, Fraccaro C, Iliceto S. Left Anterior 
Descending Artery Myocardial Bridging: A Clinical Approach. J Am Coll 
Cardiol. 2016;68(25):2887-99. doi: 10.1016/j.jacc.2016.09.973.

3. 	 Teofilovski-Parapid G, Jankovic R, Kanjuh V, Virmani R, Danchin N, 
Prates N, et al. Myocardial Bridges, Neither Rare NOR ISOLATED-
AUTOPSY STUDY. Ann Anat. 2017;210:25-31. doi: 10.1016/j.
aanat.2016.09.007.

4. 	 Aleksandric S, Djordjevic-Dikic A, Beleslin B, Parapid B, Teofilovski-
Parapid G, Stepanovic J, et al. Noninvasive Assessment of Myocardial 
Bridging by Coronary Flow Velocity Reserve with Transthoracic Doppler 
Echocardiography: Vasodilator vs. Inotropic Stimulation. Int J Cardiol. 
2016;225:37-45. doi: 10.1016/j.ijcard.2016.09.101.

5. 	 Roberts W, Charles SM, Ang C, Holda MK, Walocha J, Lachman N, et al. 
Myocardial Bridges: A Meta-Analysis. Clin Anat. 2021;34(5):685-709. 
doi: 10.1002/ca.23697.

6. 	 Hostiuc S, Negoi I, Rusu MC, Hostiuc M. Myocardial Bridging: A 
Meta-Analysis of Prevalence. J Forensic Sci. 2018;63(4):1176-85. doi: 
10.1111/1556-4029.13665.

7. 	 Yuan SM. Myocardial Bridging. Braz J Cardiovasc Surg. 2016;31(1):60-2. 
doi: 10.5935/1678-9741.20150082.

8. 	 Nakaura T, Nagayoshi Y, Awai K, Utsunomiya D, Kawano H, Ogawa H, 
et al. Myocardial Bridging is Associated with Coronary Atherosclerosis in 
the Segment Proximal to the Site of Bridging. J Cardiol. 2014;63(2):134-
9. doi: 10.1016/j.jjcc.2013.07.005.

9. 	 Ciçek D, Kalay N, Müderrisoğlu H. Incidence, Clinical Characteristics, 
and 4-yEar Follow-Up of Patients with Isolated Myocardial Bridge: A 
Retrospective, Single-Center, Epidemiologic, Coronary Arteriographic 
Follow-Up Study in Southern Turkey. Cardiovasc Revasc Med. 
2011;12(1):25-8. doi: 10.1016/j.carrev.2010.01.006.

10. 	Herrmann J, Higano ST, Lenon RJ, Rihal CS, Lerman A. Myocardial 
Bridging is Associated with Alteration in Coronary Vasoreactivity. Eur 
Heart J. 2004;25(23):2134-42. doi: 10.1016/j.ehj.2004.08.015.

11. 	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(3):538-43. doi: 10.1253/circj.cj-09-0648.

12. 	Ibarrola M. Multiple Myocardial Bridges Associated with Left-
Ventricular Dysfunction, Intermittent Left Bundle Branch Block, and 
Cardiac Memory: A Case Report. Ann Noninvasive Electrocardiol. 
2019;24(2):e12594. doi: 10.1111/anec.12594. 

13. 	Javadzadegan A, Moshfegh A, Hassanzadeh Afrouzi H. Relationship 
between Myocardial Bridge Compression Severity and Haemodynamic 

Pe r tu rba t i on s .  Compu t  Me thods  B iomech  B iomed  Eng in . 
2019;22(7):752-63. doi: 10.1080/10255842.2019.1589458.

14. 	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(1):13-21. doi: 
10.1159/000137693. 

15. 	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(5):376-83. doi: 10.1161/
CIRCULATIONAHA.108.820720.

16.	 Verhagen SN, Rutten A, Meijs MF, Isgum I, Cramer MJ, van der Graaf 
Y, et al. Relationship between Myocardial Bridges and Reduced 
Coronary Atherosclerosis in Patients with Angina Pectoris. Int J Cardiol. 
2013;167(3):883-8. doi: 10.1016/j.ijcard.2012.01.091.

17. 	Santos JCC, Barreto JEF, Rodrigues CFS, Júnior FASL, Oliveira ASB. 
Morphological Analysis of Myocardial Bridges and Coronary Arterial 
Dominance in Northeast Brazil. Morphologie. 2022;106(353):92-7. 
doi: 10.1016/j.morpho.2021.03.003.

18.	 Matta A, Canitrot R, Nader V, Blanco S, Campelo-Parada F, Bouisset 
F, et al. Left Anterior Descending Myocardial Bridge: Angiographic 
Prevalence and its Association to Atherosclerosis. Indian Heart J. 
2021;73(4):429-33. doi: 10.1016/j.ihj.2021.01.018.

19. 	Akishima-Fukasawa Y, Ishikawa Y, Mikami T, Akasaka Y, Ishii T. Settlement 
of Stenotic Site and Enhancement of Risk Factor Load for Atherosclerosis 
in Left Anterior Descending Coronary Artery by Myocardial Bridge. 
Arterioscler Thromb Vasc Biol. 2018;38(6):1407-14. doi: 10.1161/
ATVBAHA.118.310933. 

20.	 Saidi H, Ongeti WK, Ogeng’o J. Morphology of Human Myocardial 
Bridges and Association with Coronary Artery Disease. Afr Health Sci. 
2010;10(3):242-7.

21. 	Lozano I, Baz JA, Palop RL, Pinar E, Picó F, Valdés M, et al. Long-Term 
Prognosis of Patients with Myocardial Bridge and Angiographic Milking 
of the Left Anterior Descending Coronary Artery. Rev Esp Cardiol. 
2002;55(4):359-64. doi: 10.1016/s0300-8932(02)76615-3.

22. 	Donkol RH, Saad Z. Myocardial Bridging Analysis by Coronary 
Computed Tomographic Angiography in a Saudi population. World J 
Cardiol. 2013;5(11):434-41. doi: 10.4330/wjc.v5.i11.434.

23. 	Javadzadegan A, Moshfegh A, Mohammadi M, Askarian M, Mohammadi 
M. Haemodynamic Impacts of Myocardial Bridge Length: A Congenital 
Heart Disease. Comput Methods Programs Biomed. 2019;175:25-33. 
doi: 10.1016/j.cmpb.2019.03.017.

24. 	Forsdahl SH, Rogers IS, Schnittger I, Tanaka S, Kimura T, Pargaonkar VS, et 
al. Myocardial Bridges on Coronary Computed Tomography Angiography 

References

5



Arq Bras Cardiol. 2023;120(7):e20220460

Original Article

Lucena et al.
Morphological study of myocardial bridge.

This is an open-access article distributed under the terms of the Creative Commons Attribution License

- Correlation with Intravascular Ultrasound and Fractional Flow Reserve. 
Circ J. 2017;81(12):1894-900. doi: 10.1253/circj.CJ-17-0284.

25. 	Lujinović A, Kulenović A, Kapur E, Gojak R. Morphological Aspects 
of Myocardial Bridges. Bosn J Basic Med Sci. 2013;13(4):212-7. doi: 
10.17305/bjbms.2013.2304.

26. 	Watanabe Y, Arakawa T, Kageyama I, Aizawa Y, Kumaki K, Miki A, et al. 
Gross Anatomical Study on the Human Myocardial Bridges with Special 
Reference to the Spatial Relationship among Coronary Arteries, Cardiac 
Veins, and Autonomic Nerves. Clin Anat. 2016;29(3):333-41. doi: 
10.1002/ca.22662.

6


