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SUMMARY

Introduction When the coronary artery, located subepicardially, submerges into the myocardium and
appears again subepicardially after a short intramural course, it represents an embedded coronary artery,
while the part of the myocardium above is a myocardial bridge.

Objective We investigated the frequency of the embedded left coronary artery (LAD) in the autopsy
material considering the descending branch of the LAD to be the most important one in the nourishment
of the myocardium and myocardial bridges to be the most frequent in its area, as well as clinically
important.

Methods A prospective autopsy study of 975 cases was performed, including both, natural (21.33%) and
violent (78.67%) deaths. The sample consisted of 74.56% males and 25.44% females. In order to discover
myocardyal bridges and their characteristics, the hearts were examined by both transverse cuts and
longitudinal openings of the LAD.

Results Myocardial bridge was found in 78 cases (8.00%), more commonly in males (9.35%) than females
(4.03%). The average length of the myocardial bridge was 21.85+16.10mm and thickness 3.744+1.48 mm.
The common localization of the myocardial bridge was the proximal half of the LAD (89.74%). The upper
part of the artery, proximal to the bridge, was a common site of atherosclerotic changes. Myocardial
bridge was found in 12.50% of natural deaths, but in 13.38% out of all cases of sudden cardiac deaths.
Conclusion Therefore, the presence of the myocardial bridge by itself is not predominant, but it is

certainly a contributing factor to a sudden cardiac death.
Keywords: myocardial bridge; forensic autopsy study; manner of death

INTRODUCTION

Embedded coronary is one of the congenital
variations of arterial blood vessels of the heart
and represents atavism. The coronary artery
is submerged into the myocardium and af-
ter a short intramural flow reappears in the
subepicardial fat tissue. The section of the
myocardium above the embedded coronary
is called a myocardial bridge (coronary artery
overbridging) [1-4]. The myocardial bridge is
situated almost exclusively above the front left
descendent coronary artery (LAD) and much
less (in percentages) on the circumflex - DCA
and the right coronary arteries - RCA [5, 6].
The LAD vascularizes the front section of the
chamber partition and the lateral wall of the
left chamber, however its branches vascularize
the bundle of Hiss.

Myocardial bridges are usually small and
have no clinical significance. If they become
thicker they might show various symptoms: an-
gina pains, tachyarrhythmia; they can also lead
to the infarct of the myocardium and a sudden
death. It is believed that symptoms associated
with a coronary ischemia are the result of either
a compression of the coronary artery by the
myocardial bridge during a systole or delayed
relaxation of the artery during a diastole or
both [7, 8]. It is also believed that a change of

the blood flow, characteristic of these anatomic
changes of the artery, has a considerable effect.

Bridging of the left coronary artery occurs
more often in people with a dominant left coro-
nary artery and with wider myocardial bridges;
the artery lies deeper than in cases where the
right side is dominant. When the myocardial
bridges are present, there might be a certain
degree of coronary artery stenosis in the sys-
tole; these are places where an arteriosclerotic
process is localized more often.

OBJECTIVE

Considering the descending branch of the left
coronary artery (LAD) to be the most impor-
tant one in the nourishment of the myocar-
dium, the myocardial bridges are most frequent
in its area and therefore could have forensic
importance, we investigated the frequency of
the embedded LAD in the autopsy material.

METHODS

A prospective study of 975 autopsy cases was
carried out at the Institute of Forensic Medi-
cine, School of Medicine in Belgrade. Differ-
ent to other similar studies where myocardial
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Figure 1. Longitudinal section of the intramural LAD

bridges have been observed in a group of natural coronary
deaths, our sample was defined in the way where all sam-
ples, regardless of the cause of death, were analyzed.

The frequency of myocardial bridges above the de-
scending branch of the left coronary artery was defined
in the overall population in such a way that, regardless
of the cause of death, a group was established out of the
whole sample, in which myocardial bridges were found.

In order to establish the number of myocardial bridges
as well as their exact place and size, during dissections,
the LAD was cut open along the whole length (Figure 1)
alongside the standard technique (cross sections at 5 mm
intervals). The length and the thickest part were measured
in every detected myocardial bridge. The type of heart
vascularization was established as well as any pathologi-
cal change in the myocardium. Localization and degree
of atherosclerotic changes on the LAD were also deter-
mined. The role of the myocardial bridge was analyzed
in relation to other predisposed factors (gender, age and
circumstances of each individual case).

The following statistical procedures were used: x* test,
2-way analysis of variance (ANOVA), Pearson’s product-
moment, and Spearman’s rank-order correlations. The p
value smaller than 0.05 from statistical procedures where
considered significant, and values ranging from 0.1 to 0.05
as marginally significant.

RESULTS

The analyzed sample of 975 cases of autopsy consisted of
248 women (25.44%) and 727 men (74.56%) thus mak-
ing men statistically considerably more represented whilst
the age distribution was even. Out of 975 cases, the myo-
cardial bridge was found in 8% (78) of the bodies where
the post-mortem was carried out - in the group where
natural deaths occurred 12.50% and in violent deaths
6.78% (x*=7.1571, df=1, p=0.0075). The existence of the
myocardial bridge was noticed to appear significantly
more frequently in men (9.35%) than in women (4.03%)
(x*=7.1143, df=1, p=0.0076) in middle-aged and older
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people. Such differences in the frequency of myocardial
bridge presence in different age groups reached the level of
a marginal statistical value (x*=20.9801, df=12, p=0.0507).
The average age in the group of 78 individuals with the
myocardial bridge was 51.88+2.02 years, while the average
age in the group of 897 individuals without the myocardial
bridge was 50.34+0.65 years.

In relation to the manner of death, in 208 cases death
occurred naturally (21.33%) and in 767 cases violently.
Proportional representation of the tested individuals,
according to their gender in relation to their death, was
tested with the x*test (x’=3.9655, df =1, p=0.0464); it
showed that men were statistically more represented than
women in all post-mortem materials, as well as in both
groups of violent and natural deaths. Out of 208 natural
deaths, 61.1% or 127 cases were sudden deaths due to
heart failure.

The myocardial bridge is most often represented in the
upper half (upper and middle third) of the LAD (89.74%),
while in the lower half of the artery the myocardial bridge
is represented in 10.26% (only isolated myocardial bridges
were found).

In our sample a minimal length of the myocar-
dial bridge was 5, maximal 70 mm; the average length
was 21.85+16.10 mm without any statistically signifi-
cant gender differences (male 22.03+16.41 mm, female
20.60£14.56 mm). Minimal thickness of the myocardial
bridge was 1 mm, maximal 8 mm and the average thick-
ness was 3.744+1.48 mm without significant gender dif-
ferences (male 3.72+1.44 mm, females 3.90+1.79 mm).

The analyses of the variants showed that in the lower
half of the front descendant branch of the left coronary
branch, significantly longer myocardial bridges were found
-34.5t020.4 mm (F=5.85, df=1, p=0.0180); the thickness
of myocardial bridges in relation to their position, while
somewhat thinner myocardial bridges were found in the
lower part of the front descending branch of the artery
than in the upper half (3.62 to 3.75) without statistically
significant differences (F=0.06, df=1, p=0.8128).

Localization of myocardial bridge does not depend on
the type of heart vascularization (left 44%, right 28% and
mixed 24%, x>=17.3200, df=15, p=0.3001).

The border limit for the heart hypertrophy was the
heart mass of 300 g: the heart mass up to 300 g was found
in 12.82% and 10%, over in 87.18% — 68 cases.

In relation to the mass of the heart and the length of
the myocardial bridge, marginal statistic significance was
found (Pearson’s correlation quotient r=0.2, p=0.0791).

Our results show that regardless of the existence of the
myocardial bridge in 70% of cases, there was no evidence of
a coronary atherosclerotic disease on the descending branch
of the left coronary artery. However, some coronary athero-
sclerotic diseases were found in 30% (23 cases) and were
exclusively located above the myocardial bridge. In older
individuals (aged over 60), if there was a myocardial bridge,
the frequency of atherosclerotic diseases was over 80%.

Presence of the myocardial bridge was established in
the analyzed sample of 12.50% of natural deaths (26 out
0f 208) (Table 1).
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Table 1. Manner of death and the presence of myocardial bridge

Myocardial Natural Violent Total
bridge N % N % N %
With 26 125 52 6.8 78 8.0
Without 182 | 875 | 715 | 932 | 897 | 92.0
Total 208 | 100.0 | 767 | 100.0 | 975 | 100.0

Out of all deaths, violent deaths occurred in 127 cases
(61.05%) and in 17 of these cases (13.38%) the presence
of the myocardial bridge was established. However, in 81
cases of natural deaths where the cause of death was not a
heart disease, the myocardial bridge was represented in 9
cases (11.11%) whereas there were no statistically signifi-
cant differences between the representation of the myo-
cardial bridge in violent deaths and other causes of natural
deaths (x*=1.134, df=1, p=0.287).

Statistical analysis of the group with a myocardial bridge
did not show any significant influence of the myocardial
bridge thickness, either in the frequency of arteriosclerosis
in the descending artery (Spearman -0.124, p=0.280) or
in a more frequent occurrence of natural cardiac death
(Spearman +0.108, p=0.346).

DISCUSSION

Analyzing 1000 post-mortem cases of people who died
of natural causes, Di Maio found that 60.9% deaths were
caused by a sudden heart failure [9]. Congenital anomalies
and variations of coronary blood vessels, amongst which
is the embedded coronary, might be the cause of acute
ischemic lesion of the myocardium and a sudden death in
young people [10]. Depending on the study, whether it is
autopsy or a clinical study - the frequency of myocardial
bridges ranges from 0.5% to 16% in angiographic studies,
up to almost 86% in autopsy studies; in our geographi-
cal area a post-mortem pathological study resulted in the
frequency of 4.8% [11-16]. The frequency of myocardial
bridges in our sample of 8.00% was more in accordance
with angiographic findings than with the so far pub-
lished results based on autopsy studies. It is realistic to
expect a greater frequency of a myocardial bridge in clini-
cal studies, because the examined patients already have
heart problems. According to this, a recently published
high frequency of cases in post-mortem studies can be
explained by the choice of deaths caused by heart failures.
Significantly higher percentage of myocardial bridges in
the group where natural deaths occurred, rather than in
the group of violent deaths, showed that the myocardial
bridge could be a predisposing factor for the occurrence
of a sudden heart failure and death. This is especially
relevant for men where a myocardial bridge has been
significantly more often noticed (9.35% males) than in
women (4.06%).

Myocardial bridges appear on the average 33.8 mm be-
low the beginning of the left coronary artery, while 82.6%
of myocardial bridges are localized in the middle third
[2, 17] - our study agree with this. In our sample over
13% cases show the so-called ‘tandem myocardial bridge’-

longer than 35 mm that affects both, the top and the mid-
dle segments, or the middle and the lower segments of
the LAD [2].

The length of myocardial bridges varies from 5 to 50.2
mm [1, 2, 18]. Our study shows that the average length of
a myocardial bridge is 22.03, closest to the results of Solte
(22.5 mm) [17].

Analyzing the data considering the thickness of myo-
cardial bridges, clinical researches show that the thickness
varies from 1.0 to 3.8 mm [2, 17, 18]. Measures on the
post-mortem material are from 0.131 to 12 mm [19]. The
average thickness of a myocardial bridge of 3.75 mm that
was found in our research is in complete agreement with
the previous autopsy studies. Both the thickness and the
length of the myocardial bridge directly affect the magni-
tude of the systolic compression of the submerging coro-
nary artery. In publications it is found that the thickness
grows with the length of a myocardial bridge [1]. Analyz-
ing the relationship between the thickness and the length
of myocardial bridges, we found that with the length the
thickness of the myocardial bridge increases with margin-
ally positive correlation (p=0.0518). It is interesting that
in our sample the thickness of the myocardial bridge does
not affect either the more frequent occurrence of proximal
atherosclerosis or the more frequent occurrence of a sud-
den cardiac death.

Our results agree that the occurrence of ischemia has
been identified in patients with a myocardial bridge in
association with a hypertrophy of the heart [20, 21].
Namely, from 78 established myocardial bridges only in
13% of cases the hypertrophy of the myocardium did not
exist. Such results show that the presence of the myocar-
dial bridge may be one of predispositions for myocardial
hypertrophy.

Karahan et al. [22] point out the connection between
hypertrophy of the left chamber and the existence of a
myocardial bridge. Our own results show that the average
thickness of the left chamber in the group with a myo-
cardial bridge is 15.286+1.783 mm, whilst in the group
without the myocardial bridge it is 16.295+£2.146 mm. At
first sight, these results are in disagreement with the pub-
lished ones, but it should be kept in mind that our sample
incorporated individuals who died through violence, pre-
dominantly young and middle-aged people who did not
have enough time to develop a significant hypertrophy of
the left chamber. Also, there is a positive correlation be-
tween the frequency of a myocardial bridge and the mass
of the heart.

One of possible mechanisms by which myocardial
bridges cause ischemic diseases of the heart is increased
tendency for arteriosclerosis in the segment proximal to
the myocardial bridge due to a ‘shear stress’ effect caused
by hemodynamic exchanges of the blood flow in the coro-
nary artery and the dysfunction of the endothelium, whilst
the endothelium below the myocardial bridge is structur-
ally more resistant to atherosclerosis [2, 23]. Ishikawa et al.
[1] have established a protective effect of the myocardial
bridge in relation to arteriosclerosis; the greater the thick-
ness and the length of the myocardial bridge, the rarer
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is the occurrence of arteriosclerosis on the over-bridging
area. This is explained by a difference in the contractile
power of the myocardial bridge during the systole; this
is in agreement with the previous angiographic stud-
ies showing myocardial bridges on the left descendent
branch together with hypertrophy of the heart, all lead-
ing to a much greater compression of the blood vessel
and reduction of the blood flow [1, 24]. We found that
arteriosclerosis is much more frequent if proximal to the

myocardial bridge.

CONCLUSION

It is apparent that in individuals with a myocardial bridge
there is no pathological substrate (length and thickness of
the myocardial bridge, arteriosclerosis, heart hyperthro-
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phy, etc.) on which the course and final outcome of this
anatomical entity could be predicted.

From the forensic aspect, the most important fact is
that the existence of the myocardial bridge, considered
separately, is not a predominant factor for a sudden cardiac
death, but a sufficient one when combined with the clini-
cal history or ischemia confirmed by ECG and followed
by the microscopic diagnosis of infarct in the dependent
area of vascularization.
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MuoKapaHU MOCTOBU — NPOCNEKTUBHA GOPEH3MUKa ayTONCUjCKa CTyaMja

JeneHa Muuuh-JlabygoBuh', TatjaHa AtaHacujeBuh', BecHa Monosuh', 3opaH Muxannosuh',

CnobogaH Hukonuh', iparana My3oBuh?

'YHuBep3utet y beorpagy, MeguumHckn dakynteT, UIHCTUTYT 3a cyacky meauumHy, beorpag, Cpbuja;
*YHueep3uTeT y beorpagy, Cromatonowku dakyntet, UIHCTUTYT 3a dopeH3unuky ctomatonorujy, beorpag, Cpbuja

KPATAK CAZIPXKA)J

YBop,,loHupyha KopoHapHa apTepuja“ je nojam Koju ce ofgHo-
CV Ha C/yYaj Kafa KopoHapHa apTepuja — MHaye JIoKan13oBaHa
cybenuKapaHo — NMOHMPE y MUOKApPZ, 1 MOHOBO ce MojaBibyje
cybenuKkapgHo, nocne KpaTkor rnyTa Kpo3 muwuh, npy yemy
ce Mywnh N3Ha[ He Ha3nBa ,MUOKAPAHU MOCT",

v papa VctpaxkrBanu cmMo yyecTanocT noHupyhe gecueH-
[leHTHe rpaHe NleBe KOPOHApHe apTepuje y ayTomncunjckom ma-
Tepujany nmajyhn y Buay Aa je oHa HajBaXKHUja y MCxpaHu cp-
yaHor mmwuha, Aa Hajuelwhe noHupe y cpyann muwuh 1 aa je
BPJ10 3HauajHa 1 C KNMHWYKOT acreKTa.

Mertope papa YpaheHa je npocnekTBHa ayToncujcka CTyamja
975 cnyyajeBa NprpogHux (21,33%) n HacunHx cMpTm (78,67%).
Y30pakK je 06yxBaTo 74,56% 0coba MyLIKOr 1 25,44% KeHCKOr
nona. Pagu oTkprBara MYOKapAHOT MOCTa 1 aHaNIn3e Hero-
BIX 0COOEHOCTM, HACXOfHA FPaHa JleBe KOPOHapHe apTepuje
OTBapaHa je y3ay}HWUM ¥ MOMPeYHM 064y KLIMOHUM Pe30BMMa.

MpumrbeH « Received: 14/02/2014

Pesyntatn MviokapaHu MocT je yTBpheH y 78 ciyyajesa (8,00%),
yewhe Kop MyLwKapaua (9,35%) Hero kog xeHa (4,03%). Mpo-
CeyHa AyXKu1Ha MMoKapaHor MocTta 6una je 21,85+16,10 mm, a
pebrbrHa 3,744+1,48 mm. Hajuewwha nokanusauymja MmoKap-
[HOr MocTa 6una je y npefeny npokcMmasHe nosioBuHe aec-
LieHAEHTHE rpaHe neBe KOpoHapHe apTepuje (89,74%), a ate-
POCK/IepOTCKe NPOMeHe Cy Hajuellhe yCTaHOB/bEHE YCXOAHO
o[} MYOKapAHor MocTa. MnokapaHu MocT je nocTtojao y 12,50%
ClyyajeBa MPUPOAHUX CMPTU, OBHOCHO Y 13,38% cryyajeBa T3B.
HanpacHUX CPYaHUX CMPTH.

3aksbyyak [locTojarbe MMOKapAHOr MOCTa Huije NPefOMUHAHT-
HY YMHWIaL, 3a MojaBy HampacHe CpyaHe CMPTK, aJiu je HeroBo
nocTojarbe GakTop pr3mKa 3a heH HacTaHak.

KmbyuHe peun: MMoKapaHU MOCT; pOpeH3muKa ayToncujcka
CTyAuja; MOPEKNOo CMPTH

MpuxsaheH « Accepted: 24/04/2014
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