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Introduction

Heart pathology takes the leading place among the 
diseases, with the highest rate of morbidity and mortality 
worldwide.

The certain anomalies and anatomical variants of the 
heart arteries in a certain circumstance, can cause acute 
and chronic coronary events, myocardial ischemia during 
physical effort or after it [1]. Myocardial bridges are variants 
of the intramyocardial position of the coronary arteries [2].

 In the specialty literature, it currently becomes a forgot-
ten cause of hot topics in cardiovascular field like myocar-
dial infarction and non-obstructive coronary artery disease 
(MINOCA) [3] with frequent connection between myocar-
dial bridges and other acute cardiac events, such as: chest 
pain, malignant arrhythmias, complete atrioventricular 
block, sudden cardiac death [4-7].

In muscular bridges there is an temporary coronary lu-
minal narrowing. If a patient has a endothelial injury, acute 
myocardial infarction may occur. Smoking history and nic-
otine could have damaged the endothelial structure in the 
bridged segment [5] .
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Abstract
Background: Myocardial bridges are variants of the intramyocardial position of the coronary arteries. In the specialty literature, hot topics in cardiovascular 
field are myocardial infarction and non-obstructive coronary artery disease with frequent connection with myocardial bridges. 
Material and methods: The morphological study was based on the analysis of 200 human hearts and fragments of coronary arteries. The retrospective 
study was focused on the analysis of 6168 coronary angiography reports, to identify patients with myocardial bridges, their preferred location, the degree 
of systolic stenosis, the association between myocardial bridges and proximal to bridge and under the bridge coronary atherosclerosis.
Results: The complete myocardial bridges were described in 62% of the analyzed hearts and only in 5.3% of the total number of studied coronarographies. 
In the majority of cases, the complete myocardial bridges covered the anterior interventricular branch. The degree of subpontine arterial systolic stenosis 
varied within 10-95%. The comparative study did not determine any correlations between the degree of subpontine vascular compression and the degree 
of the left ventricular myocardial hypertrophy. In 32% of cases were described proximal to bridge atherosclerotic plaques and only in one case (0.5%) – 
distal to bridge atherosclerotic plaques, located immediately under the bridge.
Conclusions: The research findings underline the differences in anatomical and angiographic incidence of myocardial bridges, and the inability of all 
bridges to reduce the lumen of under bridged artery. Current study emphasizes attention to the topography of bridges, the correlation with ventricular 
hypertrophy and coronary atherosclerosis.
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The incidence of myocardial bridges, in the analyzed 
hearts, as result of necropsies, reaches up to 80-86% [4, 6]. 
Not all myocardial bridges are able to cause heart ischemia, 
so the bridges that were determined by angiography are de-
tected only in 0.5-33% of all analyzed coronary angiogra-
phies [5], and 3.5–38.5% in coronary CT angiocardiogra-
phies [6, 8]. 

 The mechanisms of the myocardial bridges’ occurrence 
are not yet clear, as well as the morphological and functional 
features of the bridges, which can affect coronary circula-
tion.

The need for an in-depth morphological and clinical 
study of the problem of morphoclinical correlations of large 
coronary arteries and their intramural trajectory is dictated 
by the widespread use of numerous procedures for assess-
ing the subepicardial coronary vessels by minimally inva-
sive methods.

The aim of the current study is to investigate the mor-
phological macroscopic and angiographic aspects of myo-
cardial bridges.
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Material and methods

The prospective-morphological study was based on the 
analysis of 200 human hearts and fragments of coronary 
arteries applying the thin anatomical dissection and mor-
phometry. The morphological and topographic aspects of 
the myocardial bridges were analyzed. The retrospective 
study was focused on the analysis of 6168 coronary angiog-
raphy reports, performed in patients suspected with coro-
nary ischemic pathology, in order to identify patients with 
myocardial bridges with and without association with ath-
erosclerotic heart pathology. 

The current morphological study investigated the ana-
tomical and angiographic incidence of the variants of the 
intramural trajectory, the location, the dimensions of the 
myocardial bridges, the association of the variants of the in-
tramural trajectory of the heart arteries.

In the retrospective study of coronary angiography of 
patients with myocardial bridges there were evaluated: the 
preferred location of the myocardial bridges, the degree of 
systolic stenosis, the association between myocardial bridg-
es and proximal to bridge and under-bridged coronary ath-
erosclerosis. The obtained data were statistically processed.

Results and discussion

The complete myocardial bridge was defined when 
a portion of the subepicardial coronary artery, on one or 
more portions of its path, enters the myocardium with its 
subsequent reappearance, under the epicardium.

The complete myocardial bridges were described in 62% 
of the analyzed hearts.

In morphological aspect myocardial bridges were classi-
fied according the following criteria: width (wide/narrow); 

thickness (thin/thick); the vessel involved (arterial/venous 
/ arteriovenous); origin of muscle bundles (atrial/ventricu-
lar); histoarchitectonics of the myocardial bridge (muscle/
muscular and connective).

The thickness of the complete myocardial bridges was 
2-5 mm – 62%, in 27% of cases the thickness of the bridges 
was up to 2 mm. Myocardial bridges with a thickness of 6-9 
mm are described in 15% of cases, and very thick myocar-
dial bridges with a thickness of more than 10 mm – in 3% of 
cases. The thick myocardial bridges, up to 1 cm, were found 
exclusively on the trajectory of the middle third of the an-
terior interventricular branch (fig. 1).  Some isolated cases 
of localization of the intramural segment of the artery have 
been determined in the immediate vicinity of the left ven-
tricular cavity (fig. 2).

Complete myocardial bridges, usually related to the 
ventricular muscles, only occasionally were determined as 
formations similar to the origin and insertion of muscle 
bundles in the atrial myocardium.

In the majority of cases the complete myocardial bridges 
cover the anterior interventricular branch, succeeded by the 
diagonal branches, first marginal branch and the posterior 
interventricular branch. In only one case the complete myo-
cardial bridge was detected on the path of the main trunk of 
the right coronary artery and its branches. On the trajectory 
of the left circumflex branch were found only muscle loops 
with an atrial or marginal ventricular origin and insertion, 
while along the atrial vessels complete myocardial bridges 
were not identified (fig. 4).

The performed study shows that, most commonly com-
plete myocardial bridges cover the distal portion of the 
proximal third and also the proximal and middle portions 
of the middle third of the anterior interventricular branch 

Fig. 2. Cross-section through the thick myocardial bridge 
covering middle portion of the anterior interventricular branch

1 – first diagonal branch; 2 – septal myocardium; 
3 – under the bridged arterial part; 4 – the cavity of left ventricle.

Fig. 1. Myocardial bridge covering half of anterior 
interventricular branch

1 – proximal to bridge arterial segment; 2 – complete myocardial 
bridge; 3 – distal to bridge arterial segment;

4 – vena cordis magna; 5 – second diagonal branch.
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(86% of cases with complete myocardial bridge on the an-
terior interventricular branch). Rarely, in 32% and 26% 
of cases complete myocardial bridge covers the distal and 
proximal third of the LAD as well.

The widest (up to 70 mm) and thickest (up to 8-10 mm) 
of complete myocardial bridges were detected along the 
anterior interventricular branch. Only in 4% of cases were 
found subtotal complete myocardial bridges, covering the 
anterior interventricular branch over a distance exceeding 
75% of the total vessel length.

In 75% of the studied hearts, several complete myocar-
dial bridges were located in the same heart.

The most frequent association is between the complete 
myocardial bridge on the trajectory of the anterior inter-
ventricular branch and the complete myocardial bridges 
located on the first marginal branch. Such associations were 
detected in 21% of the investigated cases. Two myocardi-
al bridges were detected in 33% of cases. In 18% of cases 
3 myocardial bridges were located in the same heart, and 
in 3% of cases 4 and more bridges were determined in one 
heart. The maximum number of the complete myocardial 
bridges detected per one organ is 7.

The analysis of 6168 reports of diagnostic coronary an-
giography performed on people with suspected severe coro-
nary atherosclerotic pathology, myocardial bridges were 
detected in 331 of people, constituting 5.3% of the total 
number of cases.

A significant discrepancy between the morphological 
and angiographic frequency of screening for the myocardial 

bridge is explained only by the inability of all myocardial 
bridges to reduce the lumen of the artery during systole for 
various reasons.

Based on the study, it was found that the number of 
myocardial bridges reported by interventional cardiologists 
during this period varied from year to year, due to a lack 
of information. In many cases, the mention of myocardial 
bridges detected in coronary angiography was considered 
by some specialists as harmless anatomical variants, which 
do not require to be mentioned in medical documentation. 

The study group was underestimated in patients with 
myocardial bridges and coronary arteries without severe 
coronary lesions and in patients with severe coronary le-
sions. In this way, in the category of patients without mod-
erate and severe coronary artery disease, myocardial bridges 
were detected in 56% of men and 43% of women, unlike the 
group of patients with severe coronary heart disease – in 
82% of cases patients with severe coronary atherosclerosis 
and myocardial bridges are men and only 17% – women. 
This correlation is within the natural ratio of the distribu-
tion of atherosclerotic heart diseases by gender, therefore 
there is no significant difference in the prevalence of myo-
cardial bridges by gender.

The angiographic identification of myocardial bridges 
during angiographies is possible only by the direct pontine 
effect on the underlying vessel – systolic compression, in 
other words – the squeezing effect, “milking” of the blood 
column under the bridge (fig. 3).

Fig. 3. The compression of the middle portion of anterior interventricular branch caused by myocardial bridge.   
Images from coronarography

A – during systole of the heart, B – during diastole of the heart
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The degree of systolic stenosis is directly proportional 
to the compression force of the pontine myocardium and 
inversely proportional to the resistance of the vascular wall, 
the diameter of the vessel lumen, and the intracoronary 
pressure.

In the case of bridges that cause the reduction of the vas-
cular lumen up to 50%, the intramural portion of the ves-
sel, at the time of maximum systole, was homogeneously 
stenotic, having uniform vascular contours. In the case of 
subtotal systolic compression, the subpontine vascular seg-
ment had the appearance of a “sawfish”, with the alternation 
of narrow vascular portions and wider ones.

The non-uniformity of the systolic stenosis of the artery 
can be caused by the arrangement of the pontine myocardial 
bundles under the different angles and / or the variation of 
the areas of anti-systolic resistance of the vascular wall and 
the tissue structures in the subpontine perivascular space.

Arterial stenosis caused by myocardial bridge is not al-
ways limited to systole, but also persists in diastole; can be a 
part of the diastole or it can be permanent.

In the longitudinal section plane through the muscle-
artery complex, the angiographic view in maximal systole 
takes shape of a ”trough”.

Often, during the routine coronary examination, the 
middle and distal portion of the LAD do not show obvious 
systolic stenoses, but have a “trough” like deformity, which 
would correspond to the vascular deformation caused by 
the involvement of the artery under the myocardial bridge, 
but which, in this case, is systolic inactive. In such cases, 
it may be appropriate to perform tests to induce coronary 
spasm (with acetylcholine) and to reduce intracoronary 
pressure (with nitroglycerin) to detect the activity of myo-
cardial bridges, or to demonstrate the possibility of induc-
ing the vascular spasm in the subpontine portion.

Out of the 331 cases of patients detected with myocardi-
al bridges, in 97% of cases they were located along anterior 
interventricular branch, and in 3.6% of cases – on other ves-
sels: right coronary artery, circumflex artery, first diagonal 
branch, marginal branches, posterolateral branch (fig. 4).

Bridges located in the same plane on anterior interven-
tricular branch and diagonal branches were described, be-
ing covered by the same “myocardial flap”. Similar bridges 
were found on the trajectory of diagonal branch, intermedi-
ate branch and marginal branch, with a shape of myocardial 
strips located in the same plane, like if they were covered by 
the same “myocardial flap”.

In 65% of cases, the bridges were located in the middle 
third of the anterior interventricular branch, and in 27% – 
the myocardial bridges were covering the distal third of the 
artery. In 4.23% of cases, the bridges located on the LAD 
were detected as extended, covering 2 segments at the same 
time.

The degree of subpontine arterial systolic stenosis varies 
within 10-95%. From the total number of described myo-
cardial bridges, in 50% of cases they were causing insignifi-
cant systolic compression of the artery, reducing the lumen 
of the vessel up to 50% of the initial value (visually appreci-

ated) and only in 16% of cases the degree of compression 
exceeded 75%.

Another widely discussed aspect in the literature was 
analyzed as well – the interdependence of the degree of 
systolic stenosis of the anterior interventricular branch and 
the degree of myocardial bridge hypertrophy. The compara-
tive study did not determine any correlation between the 
degree of subpontine vascular compression and the degree 
of left ventricular myocardial hypertrophy in the main study 
group.

Consecutively, has also been investigated the correla-
tion between myocardial bridges and proximal to bridge 
coronary atherosclerotic lesions. From the total examined 
reports, in 32% of cases were described proximal to bridge 

Fig. 4. The topography of myocardial bridges discovered during 
morphological examination of human hearts and anatomical 
pieces of coronary arteries (the diagram above), myocardial 

bridges discovered during coronarographies (the diagram below)
PDA – posterodiagonal branch (posterior interventricular 

branch); RCA- right coronary artery; OM – obtuse marginal 
branch; DIA – diagonal branch; CX – circumflex artery; 

LAD –anterior descendent branch.
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atherosclerotic plaques located at various distances proxi-
mal to the myocardial bridge; and only in one case (0.5%) 
– distal to bridge; atherosclerotic plaques located immedi-
ately under the bridge. Coronary atherosclerosis was not 
detected in intramural part of the vessel. 

The correlation between the degree of dynamic subpon-
tine coronary stenosis and the degree of proximal to bridge 
atherosclerosis was also not determined.

Discussion

The morphological and clinical study is based on sta-
tistically significant number of the research objects, which 
made possible to formulate statistically true conclusions 
for the morphological and functional aspects of myocardial 
bridges.

The obtained morphological data is related with the data 
reported in multiple studies dedicated to myocardial bridg-
es and the particular location of bridges on the trajectory of 
the anterior interventricular branch [8, 9]. 

The discrepancies between the anatomical and angio-
graphic (clinical) incidence are dictated by the inability 
of the bridges to compress the arteries during the systole. 
The ability of the myocardial bridge to reduce the lumen of 
the artery during cardiac contraction is determined by the 
thickness of the myocardial bridge, width, histological com-
position, the caliber of the vessel covered by the bridge, the 
orientation of the myocardium around the bridge [10, 11]. 
All the mentioned features were the basis for the elaboration 
of the own morphological classification of the myocardial 
bridges.

The detection of the myocardial bridges in all branches of 
the coronary arteries shows that there are no arteries predis-
posed to intramural localization but their formation is deter-
mined in ontogenesis and would correspond to incomplete 
myocardial resorption around the arteries of the heart [6]. 

A special attention gets the fact of the association of 
myocardial bridges on the same vessel or in the same heart, 
which is detected in 75% of cases by the possibility of ampli-
fying the proischemic effect [9, 10]. 

Although, in most cases, were described thin myocar-
dial bridges, in the rare cases – 3%, were found thick myo-
cardial bridges of about 10 mm, with a deep localization of 
the anterior interventricular branch, in the thickness of the 
interventricular septum. The incidence coincides with the 
angiographic incidence of myocardial bridges within 5%, 
suggesting that only thick bridges could reduce the lumen 
of the vessel.

An angiographic incidence of 5% versus 62% of mor-
phological one suggests that thick myocardial bridges can 
be considered as coronary arteries anomalies, as they cause 
visible narrowing on angiograms of the intramural coro-
nary segment. In the literature, the term “anomaly” is often 
referred to myocardial bridges [10], referring them to the 
group of structures with negative effects.

The angiographic view of the myocardial bridges coin-
cided with those described in the literature. Also, within this 

particular study a special attention was given to the non-
uniformity of compression of the coronary arteries during 
the systole, which is suggesting the non-uniformity of the 
pontine compression forces determined by the orientation 
of the pontine myocardium, the thickness of the bridge and 
possibly by the pontine histoarchitectonics, and the correla-
tion between the amount of the connective and muscular 
tissue.In 50% of detected cases the degree of subpontine sys-
tolic coronary reduction was below 50% and only in 16% of 
cases was over 75%.

However, not all patients with severe subpontine steno-
sis caused by myocardial bridges develop myocardial isch-
emia, possibly some other proischemic mechanisms, are 
intervening, such as subpontine coronary spasm which is so 
intensely attributed to the intramural trajectory by some au-
thors [10-12]. To the genesis of subpontine coronary spasm 
often are attributed: stress, smoking, drug use [13, 14] and 
chemotherapy treatment [15]. All above-mentioned risk 
factors are linked with toxic injury of functional integrity 
of the heart. Understanding the mechanisms underlying 
cardiotoxicity may lead to treatment of the toxicity or to its 
prevention. There is a field for harm reduction strategies to 
be applied by reducing or eliminating effects of acute car-
diotoxicants on the body. 

20% of deaths attributed to coronary diseases are linked 
to smoking [16]. Toxic effects of smoking result from chron-
ic exposure to numerous toxic chemicals and carcinogens, 
including cardiotoxicants in tobacco smoke following the 
combustion of tobacco in the cigarette. Conversely, prod-
ucts that do not involve combustion to deliver nicotine (e.g. 
nicotine replacement therapies (NRTs), smokeless tobacco, 
or electronic cigarettes) have substantially reduced levels of 
toxic substances [17]. In smokeless heated tobacco products 
(HTPs) levels of carbon monoxide, acute heart toxicant, 
is reduced up to 98% compared to cigarettes, as well as al-
dehydes (approximately by 80–95%) and VOCs (approxi-
mately by 97–99%) [18]. Non-combustible nicotine sources 
are considered for smoking harm reduction [19]. Giuseppe 
Biondi-Zoccai et al. made independent assessment of pro-
atherosclerotic effects of cigarette smoking versus HTP use 
[20]. HTP had less impact than conventional cigarette on 
some dimensions of oxidative stress, antioxidant reserve, 
platelet function, and blood pressure. In addition, HTP had 
less acute effects on soluble Nox2-derived peptide, 8-iso-
PGF2a-III (quantification of isoprostanes) and vitamin E. 
Also, users of HTP appeared to be more satisfied and ca-
pable of decreasing desire for continuing smoking.

 Promoting smoking cessation should become an essen-
tial contributor to the treatment of patients with CVD and 
especially patients with coronary atherosclerosis, myocardial 
bridges founded after coronary angiography. In cases when 
patients do not quit smoking, doctors should apply harm re-
duction strategies, that is, to discuss with a patient the pos-
sibility of switching to an alternative products with a reduced 
or modified risk, while continuing efforts to quit the use of 
nicotine completely, since alternative products reduce, but 
do not entirely eliminate adverse health effects [21].
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The study showed the presence of proximal to bridge 
atherosclerotic plaques in 32% of cases, which correspond-
ed to data from literature, but there wasn’t any correlation 
between the degree of pontine stenosis and the atheroscle-
rotic stenosis degree. Thus, even if the myocardial bridges 
predispose to the formation of proximal to bridge coro-
nary atherosclerosis by generating the retrograde blood 
flow with a traumatic mechanical effects for the intima in 
the proximal to bridge portion of coronary artery being a 
predisposing factor for coronary atherosclerotic pathology 
(depending on the thickness and length of the bridge) [8, 
22], these structures are not able to determine the grade of 
coronary lesion and the grade of prepontine atherosclerotic 
stenosis.

At the same time, no cases of subpontine atherosclerosis 
were detected, all the obtained data being consistent with 
the information given in the literature and is suggesting the 
protective effect of the bridges in under the bridge coronary 
atherogenesis [11, 12, 23]. 

There was not determined any correlation between the 
grade of the ventricular myocardial hypertrophy and the de-
gree of systolic compression caused by the bridges.

Although, many authors stipulate that myocardial hyper-
trophy predisposes to thickening of the bridge and increases 
the incidence of their detection on the coronary angiogra-
phy, especially in the case of hypertrophic cardiomyopathy, 
according to obtained results only the severe hypertrophy 
characteristic for the hypertrophic cardiomyopathy, would 
increase the capabilities of the myocardial bridge to com-
press the artery into cardiac systole  and not a hypertrophy 
of up to 20 mm [24].

Conclusions

The anatomical incidence of myocardial bridges is 62%, 
and the angiographic one – 5.3% in the analyzed cases. The 
discrepancy in the incidence is determined by the myocar-
dial bridges’ capacity to reduce the under-bridged arterial 
segment lumen.

The coronary branch with the highest predisposition to 
myocardial bridges is the anterior interventricular branch. 
This vessel was the location of the thickest bridges detected 
in this research.

The stenosis’ degree caused by myocardial bridges varies 
depending on its compression force between 10-95%. The 
most compressive bridges were detected on the anterior in-
terventricular branch trajectory.

No correlation was found between the degree of systolic 
stenosis caused by the myocardial bridges and the prepon-
tine atherosclerosis degree. Similarly, no associations were 
found with the degree of the left ventricular myocardium 
hypertrophy.
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