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MBs have also been found in a limited number of cases 
[3,4]. MB has been found in many non-cardiac deaths. 
Therefore, this anomaly may tend to be evaluated as 
benign. However, some clinical studies have shown a 
decrease in systolic blood flow in MBs of symptomatic 
patients [5], and autopsy cases of sudden cardiac death 
with this anomaly have been rarely reported [6-9]. We 
report here a case of sudden cardiac death with multi-
ple MBs and other possible pathological appearances.

Case Report

A 66-year-old man was found dead on the sidewalk 
near his house. A police examination showed that he 
left his friend’s home 3 hours before discovery and was 
on his way home. He had a history of hypertension and 
was routinely prescribed β-blockers for approximately 5 
years. He did not have an experience of athlete, and his 
family doctor commented that he recently and rarely 
complained of mild precordial discomfort. A recent rest-
ing electrocardiogram showed nonspecific ST-T wave 
changes. An additional examination was not performed 
before death partly because of the victim’s inactive at-
titude.

Autopsy Findings

The man’s height was 178 cm and body weight was 
68 kg. Autopsy showed only some mild abrasions of 
the face and forearm. A toxicological examination was 
negative. His heart weighed 520 g and was examined 
according to previously reported methods [10]. Careful 
dissection of pericardial adipose tissue showed MBs in 

Abstract
We present an autopsy case of a 66-year-old man who 
died during walking. Besides a history of hypertension for 
5 years, mild chest oppression appeared to occur shortly 
before death. A full autopsy and the police examination con-
cluded that the cause of death was sudden cardiac death. 
The coronary artery showed a myocardial bridge in the left 
descending coronary artery and two bridges in the right cor-
onary artery. Concentric hypertrophy of the left ventricle and 
moderate atherosclerotic narrowing of the coronary artery 
other than muscular bridges were found. Histological ex-
amination of the left ventricle showed minimal, but obvious, 
acute necrotic foci in addition to multiple small myocardial 
scars and advanced interstitial fibrosis. Multiple myocardial 
bridging may be a potential factor for sudden cardiac death 
in association with other factors, especially with left ventricu-
lar hypertrophy. Careful multilateral examination of the heart 
may be essential for evaluating the clinical significance of a 
muscular bridge when pathologists encounter sudden cardi-
ac death with this relatively frequent anomaly.
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Introduction

A Myocardial Bridge (MB) is a congenital anatomical 
structure consisting of myocardial tissue that covers a 
part of the coronary artery in the epicardial adipose tis-
sue. Although the frequency of an MB varies in the liter-
ature, it has a relatively higher incidence than the oth-
er anomalies [1-3]. MB is most frequently observed in 
the Left Anterior Descending Artery (LAD), but has also 
been found in other branches, such as the left circum-
flex artery and Right Coronary Artery (RCA). Multiple 
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adipose and cardiac muscle. A mild to moderate degree 
of atherosclerosis was found in the coronary artery tree 
other than the area of MBs. Approximately 25 to 50% 
stenosis was found in the proximal area of the left cir-
cumflex artery and the first diagonal branch derived 
from the LAD. Multiple minute fibrous scars were found 
in the entire left ventricle by histological examination. A 
few small, acute, necrotic foci with appearance of some 
inflammatory cells were also found in the LV (Figure 2). 
The cardiac conduction system did not show any major 
pathological changes. No other pathological lesion that 
could cause sudden cardiac death was evident in the 
brain, lungs, and other organs.

the LAD and RCA. The proximal RCA and right ventricu-
lar branch were covered by muscular tissue. The length 
of MB was 2.5 cm in the LAD, 0.7 cm in the proximal 
RCA, and 0.6 cm in the right ventricular branch. Sym-
metric concentric hypertrophy of the Left Ventricle (LV) 
was found, and the thickness was 2.0 cm in the LV free 
wall and 2.1 cm in the ventricular septum (Figure 1). The 
thickness of MBs was 25 mm in the LAD and 12 mm in 
two MBs of the RCA. Coronary dominance of the heart 
was co-dominant.

Microscopic examination of MBs showed mild inti-
mal thickening and interstitial fibrosis of circumferential 

 

Figure 1: Gross appearance of the heart A) Muscular bridge of the left anterior descending artery is indicated by arrows; B) 
Muscular bridges in the right coronary artery. Yellow arrows indicate a muscular bridge of the proximal right coronary artery, 
and white arrows indicate a muscular bridge of the right ventricular branch; C) Horizontal section of the ventricle shows 
concentric hypertrophy of the left ventricle. 

 

Figure 2: Histological appearance of the heart A) Left anterior descending artery. The left panel shows the arterial wall 
just proximal region from the entrance of the muscular bridge. The right panel shows the artery within the muscular bridge 
(Elastica-Masson staining); B) Muscular bridge of the right coronary artery. Advanced fibrosis around the MB was found 
(Elastica-Masson staining); C,D) Moderate atherosclerotic narrowing of the left circumflex artery; C) and the first diagonal 
branch derived from the left anterior descending artery (Elastica-Masson stain); E) Micro scar and interstitial fibrosis of the 
left ventricle (Elastica-Masson stain); F) Small acute necrosis with inflammation in the left ventricle is indicated by arrows 
(hematoxylin and eosin staining). Scale bar = 2 mm (A-D), 500 µm (E), 50 µm (F).
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the MB. Aging, hypertension, and atherosclerosis of the 
coronary artery may be causes of diastolic dysfunction. A 
second possible factor is an increase in compression and 
reduction in the coronary microvascular reserve by left 
ventricular hypertrophy. A third possible factor is coronary 
vasospasm and microvascular dysfunction of endothelial 
dysfunction. A fourth possible factor is progression of ath-
erosclerosis proximal to the MB. In the present case, pro-
gression of left ventricular hypertrophy might have caused 
additional diastolic dysfunction of the LV and diminished 
blood flow by compression to the MB [23]. The pathologi-
cal significance of fibrosis around the MB could not be de-
termined. However, we speculate that fibrosis is a tissue 
reaction against continuous compression to the MB. An 
additional case study may be required.

The degree of atherosclerosis in the present case 
was not advanced. However, some autopsy and clinical 
studies have shown that the proximal segment of a MB 
is prone to developing atherosclerosis, despite being 
free from atherosclerosis within the MB segment and 
the distal segment [24,25]. Fluid dynamics play an im-
portant role in plaque formation at the entrance of an 
MB. Previous studies have shown that low and oscillato-
ry wall shear stress at the entrance of an MB compared 
with within a MB could cause various pathological and 
physiological changes, leading to atherosclerosis. En-
hanced myocardial compression to an MB and/or sub-
sequent deformation and additional unusual motion of 
the coronary tree other than an MB are also associated 
with atherosclerosis of the area [22,26].

Pathologists have difficulty in diagnosing sudden car-
diac death due to MB as a conclusive autopsy diagnosis 
when the pathological appearance of old and/or fresh 
ischemia are not evident. Careful examination targeting 
signs of ischemia in cardiac muscle may be essential for 
determining the clinical significance of MB for sudden 
death. Beside many small areas of myocardial scarring 
and extensive interstitial fibrosis, small, but obvious, 
fresh ischemic necrosis was found in the present case 
by careful examination. We cannot conclude whether 
multiple MBs of the present case were a unique patho-
logical condition for his sudden death. However, at least 
multiple MBs may have been a major predisposing fac-
tor because advanced myocardial ischemia was evident, 
despite mild to moderate atherosclerotic narrowing of 
the coronary tree. Associated acquired myocardial hy-
pertrophy and mild exertion may decrease the amount 
of blood flow within multiple MBs, and might increase 
the chance of an arrhythmogenic event. Marron, et al. 
showed that MB was not significantly associated with 
occurrence of sudden cardiac death in cases with hy-
pertrophic cardiomyopathy [27]. However, they did 
not exclude the possibility that MB increases the risk 
in some cases. Findings from the present case showed 
that careful multilateral evaluation for the heart may be 
useful for evaluating the clinical significance of MB in 
each autopsy case when sudden unexpected death is 

Discussion

Impairment of the coronary circulation within MBs by 
compression from the surrounding myocardium during 
systole is a significant factor for occurrence of clinical 
complications. These complications include myocardial 
ischemia [11], acute coronary syndrome [12,13], coronary 
spasm [14,15], myocardial stunning [16], arrhythmia with 
syncope [17,18], and sudden death [6-9]. Clinical signifi-
cance of MB for sudden cardiac death has not been fully 
established yet because the border between a pathological 
or non-pathological MB has been unequivocal yet. How-
ever we should note the recent report that surgical treat-
ment can significantly improve the severity or frequency 
of angina related symptoms suggests the pathological MBs 
are present at a constant rate [19].

The incidence of MB in previous autopsy studies varied 
from 5% to 86%, and 13.5% be recently found in a study by 
Teofilovski-Parapid, et al. [3]. They also showed multiple 
MBs in only one of 96 examined hearts. Loukas showed 
a low incidence of multiple MBs, especially in cases with 
multiple MBs in different coronary trees, as in the pres-
ent case (four of 69 hearts with MB) [4]. Findings from the 
present case showed that multiple MBs may have been 
an additional risk for occurrence of significant myocardial 
ischemia. The clinical significance of coronary dominance 
in cases of MB is controversial. Teofilovski-Parapid, et al. 
commented that coronary dominance is ethnically specific 
and may not be significantly correlated with the presence 
of MB and possible occurrence of associated ischemia [3].

Some studies have suggested that a MB of the LAD 
with a long and/or deep course may cause pathological 
hemodynamic impairment in the MB because of vul-
nerability in receiving mechanical force from circum-
ferential cardiac muscle. Alegria [20] and Bourassa [21] 
showed that the clinically significant length and thick-
ness of a MB are 10 to 30 mm and 2 to 4 mm, respec-
tively. In particular, a deep variant in which the MB in 
the LAD deviates toward the right ventricle and dives 
into the intraventricular septum may be a relatively 
high risk of severe compression to the MB. This could 
be caused by additional systolic compression from the 
muscle bundle arising from the right ventricular apical 
trabeculae. The superficial variant is more common in 
MBs of the LAD (approximately 75% of MB cases) [22]. 
The MB of the LAD in the present case could be signifi-
cant anomaly based on the length and depth of the MB.

The presence of many asymptomatic patients with MB 
suggests that a symptomatic decrease in blood flow within 
the MB may occur in selected patients. Therefore, addi-
tional pathophysiological changes in the coronary artery 
or heart may be required to decrease blood flow within 
the MB and associated myocardial ischemia. Corban, et al. 
showed that four associated potential factors could cause 
pathological ischemia in cases of MB. One possible factor 
is an increase in left ventricular diastolic dysfunction that 
could cause an additional decrease in blood flow within 
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12.	Ural E, Bildirici U, Celikyurt U, Kilic T, Sahin T, et al. (2009) 
Long-term prognosis of noninterventionally followed pa-
tients with isolated myocardial bridge and severe systolic 
compression of the left anterior descending coronary ar-
tery. Clin Cardiol 32: 454-457.

13.	Gowda RM, Khan IA, Ansari AW, Cohen RA (2003) Acute 
ST segment elevation myocardial infarction from myocardi-
al bridging of left anterior descending coronary artery. Int J 
Cardiol 90: 117-118.

14.	Morioka N, Hara Y, Shigematsu Y, Hamada M, Hiwada K, 
et al. (1998) Coronary vasospasm at the site of myocardial 
bridged report of two cases. Angiology 49: 659-663.

15.	Nardi F, Verna E, Secco GG, Rognoni A, Sante Bongo A, et 
al. (2011) Intern Med 50: 2601-2608. 

16.	Marchionni N, Chechi T, Falai M, Margheri M, Fumagalli S 
(2002) Myocardial stunning associated with a myocardial 
bridge. Int J Cardiol 82: 65-67.

17.	Kracoff OH, Ovsyshcher I, Gueron M (1987) Malignant 
course of a benign anomaly: myocardial bridging. Chest 
92: 1113-1115.

18.	den Dulk K, Brugada P, Braat S, Heddle B, Wellens HJ 
(1983) Myocardial bridging as a cause of paroxysmal atrio-
ventricular block. J Am Coll Cardiol 1: 965-969.

19.	Boyd JH, Pargaonkar VS, Scoville DH, Rogers IS, Kimura 
T, et al. (2017) Surgical Unroofing of Hemodynamically Sig-
nificant Left Anterior Descending Myocardial Bridges. Ann 
Thorac Surg 103: 1443-1450.

20.	Alegria JR, Herrmann J, Holmes DR Jr, Lrman A, Rihal CS 
(2005) Myocardial bridging. Eur Heart J 26: 1159-1168.

21.	Bourassa MG, Butnaru A, Lesperance J, Tardif JC (2003) 
Symptomatic myocardial bridges: overview of ischemic 
mechanisms and current diagnostic and treatment strate-
gies. J Am Coll Cardiol 41: 351-359.

22.	Ferreira AG Jr, Trotter SE, Konig B Jr, Decourt LV, Fox K, 
et al. (1991) Myocardial bridges: morphological and func-
tional aspect. Br Heart J 66: 364-367.

23.	Corban MT, Hung OY, Eshtehardi P, Rasoul-Arzrumly E, 
McDaniel M, et al. (2014) Myocardial bridging: contempo-
rary understanding of pathophysiology with implications for 
diagnostic and therapeutic strategies. J Am Coll Cardiol 22: 
2346-2355.

24.	Ge J, Jeremias A, Rupp A, Abels M, Baumgart D, et al. 
(1999) New signs characteristic of myocardial bridging 
demonstrated by intracoronary ultrasound and Doppler. 
Eur Heart J 20: 1707-1716.

25.	Ishikawa Y, Akasaka Y, Suzuki K, Fujiwara M, Ogawa T, et 
al. (2009) Anatomic properties of myocardial bridge predis-
posing to myocardial infarction. Circulation 120: 376-383.

26.	Ge J, Erbel R, Gorge G, Haude M, Meyer J (1995) High wall 
shear stress proximal to myocardial bridging and athero-
sclerosis: intracoronary ultrasound and pressure measure-
ments. Br Heart J 73: 462-465.

27.	Basso C, Thiene G, Mackey-Bojack S, Frigo AC, Corrado 
D, et al. (2009) Myocardial bridging, a frequent component 
of the hypertrophic cardiomyopathy phenotype, lacks sys-
tematic association with sudden cardiac death. Eur Heart J 
230: 1627-1634.

encountered with this relatively frequent anomaly.

In summary, we cannot conclude that multiple MBs 
can cause sudden unexpected death as a unique factor. 
However, findings from the present case show that mul-
tiple MBs may be a major potential factor for causing 
sudden unexpected death in certain people. Besides 
anatomical and pathological evaluation of MB, detailed 
pathological examination targeting both additional find-
ings could diminishing the blood flow within MBs, such 
as myocardial hypertrophy and/or atherosclerotic nar-
rowing of the coronary tree may be essential. Findings 
suggestive of advanced ischemia in the heart may be 
essential for determining the degree of the pathological 
significance of MB in each case.
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