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ABSTRACT
Introduction: The presence of a myocardial bridge on the ramus interventricularis anterior can lead to myocardial ischemia and
changes in the structure of the vessel wall, especially in the segment proximal to the bridge.
Objectives: Examine the wall structure of the ramus interventricularis anterior and estimate the atherosclerosis in its intramyocardial, proximal, and distal segments with an atherosclerosis index.
Materials and Methods: Sections of the ramus interventricularis anterior and its branches were prepared at autopsy from 20
hearts with myocardial bridges. Sections stained with hematoxylin-eosin or elastica van Gieson were examined microscopically,
and the thickness of the intima and media was determined with ocularmicrometric measuring to establish an atherosclerosis
index (a quotient of intima to media thickness).
Results: In histopathologic analysis, atherosclerotic changes of varying intensity were present in segments proximal to the
myocardial bridge. In contrast, no histopathologic evidence of atherosclerosis was present in any intramyocardial segment, and
distal segments had only mild atherosclerotic changes. In agreement with the histopathologic findings, the atherosclerosis index
value of the proximal segment of the ramus interventricularis anterior was significantly higher than that of the intramyocardial
segment and the distal segment of the artery (p <0.0001), and the highest value was in in the proximal segment, 1.5-2 cm from
the entrance into the intramyocardial segment.
Conclusion: The presence of a myocardial bridge in the ramus interventricularis anterior is a risk factor for the development of
atherosclerotic changes proximal to the entrance of its intramyocardial segment.
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INTRODUCTION
Human coronary arteries and their branches are located in
the subepicardial adipose tissue. In some hearts, coronary arteries coursing subepicardially, travel shallowly or deeply
into the myocardium to reappear on its surface after an intramyocardial course of variable length [1].
The intramyocardial portion of the coronary artery is named
the “tunneled” segment. Bunches of myocardial fibers that
pass over the segment and cover it, usually only on one part,
shall be designated as myocardial bridge [2]. Reyman was
the first, as early as 1737 in autopsy examination, to detect
myocardial bridges. In 1960, Portmann and Iwig [3] detected
systolic narrowing of the lumen of the ramus interventricularis anterior on coronary angiograms and presumed that the
narrowing was caused by contraction of myocardial bridge
fibers with consequent compression of the tunnel segment.

Scientists who dissected the myocardial bridges found their
high frequency (30-60%) and their most frequent location to
be in the ramus interventricularis anterior [4-7].
Geiringer [8] reported that atherosclerosis did not develop
in the tunnel segment of the coronary descending artery,
an observation that prompted attention to the relationship
between myocardial bridges and the development and location of atherosclerotic changes. Results of histopathological
studies [11-13] have confirmed Geiringer’s opinion that the
myocardial bridge protects the tunnel-segment intima from
developing atherosclerosis, while favoring the development
of intense atherosclerosis proximal to the bridge. The autopsy findings have been supported by in vivo diagnostic
methods. Thus, atherosclerotic changes proximal to the tunnel segment were seen in computed tomographic coronary
angiograms in about 70% of patients [14-16], but no changes
was seen in the wall of the tunnel segment. Also, intravascu-
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lar ultrasound studies have revealed atherosclerotic changes
proximal to myocardial bridges in about 90% of cases 17,
18]. Intravascular ultrasound has been advocated for study
of the relationships between myocardial bridges and atherosclerotic changes because it is more sensitive than coronary
angiograms in detecting mild atherosclerotic changes [17,
18].

compared with Anova statistical project. The atherosclerosis
index in the tunnel segment region and each proximal and
distal segment, were also compared with Anova. P value of
<0.05 was considered statistically significant.

However, not all authors agree there is a relationship between
the presence of myocardial bridges and the development or
location of atherosclerosis, and claim that atherosclerosis develops about equally often under the myocardial bridge as in
other parts of coronary arteries [19-21].

Myocardial bridges in ramus interventricularis anterior arteries were detected in 20 of 60 (33%) hearts examined. The
bridge fibers mostly lay transversally to the flow of blood in
the vessels (Fig. 1).

The difference of opinions on the possible influence of myocardial bridges on the occurrence and localization of coronary atherosclerosis has led us to examine the structure of the
bridge walls, and to determine, through use of an atherosclerosis index, the degree of atherosclerosis in the intramyocardial segment of the ramus interventricularis anterior as well
as proximally and distally to the bridge.

MATERIALS AND METHODS
We used cadaveric hearts from 60 patients (36 male, 24 female; mean age 45.2 ±16.2 years) for this study. When a
myocardial bridge was found on dissection, a branch of the
ramus interventricularis anterior was sectioned transversely
at intervals of 0.5 cm, up to 3 cm proximally and 3 cm distally to the bridge. The sections were fixed in 10% buffered
formaldehyde and embedded in paraffin. Paraffin blocks
were sectioned at 5 µm thickness and stained with hematoxylin-eosin and elastica van Gieson. Cross-sections of the
ramus interventricularis anterior were examined by light microscopy, with careful inspection of the arterial wall for atherosclerotic changes and oculometric measurement of intima
and media thickness. The intima was measured at its thickest
and thinnest areas, and the mean value was calculated. The
atherosclerosis index was expressed as a quotient of intima
and media thickness (intima thickness/media thickness).
The number of necessary measurements for each segment
was determined on the basis of De Hoff’s formula. The total
number of measurements for all proximal (P) segments was
162 (40 measurements for each P1 and P2 segment, 20 measurements for each P3 and P4 segment, 18 measurements for
P5, and 24 measurements for P6 segments). The number of
measurements for the myocardial bridge region, ie, the tunnel segment, was 48. The total number of measurements for
distal (D) segments was 99 (20 measurements for each D1,
D2 and D3 segments, 17 measurements for D4 segment and
11 measurements for each D5 and D6 segment).
The mean values of the degree of atherosclerosis in the myocardial bridge region and proximal and distal segments were
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RESULTS

All proximal segments of the ramus interventricularis anterior wall had atherosclerotic changes of diverse intensity, usually with eccentric intimal thickenings of gathered connective fibers, proliferated smooth muscles cells in the intima,
and numerous foamy cells (Fig. 2a and 2b).
In some cases, atherosclerotic changes were expressed together with the presence of classic fibroatheroma, with an
adipose nucleus and fibroid cup on its surface, proximal to
the intramyocardial segment (Fig. 3a and 3b).
No histopathologic changes indicative of atherosclerosis
were present in any case in the intramyocardial tunnel segment (Fig. 4 and 5).
Distal segments of the ramus interventricularis anterior wall
had variably weakly to strongly expressed diffuse thickening
of the intima, indicative of milder atherosclerotic changes
(Fig. 6 and 7).
The mean atherosclerosis index value of the intramyocardial segments of the ramus interventricularis anterior
was 0.71±0.22. The mean value in the proximal segments
(2.39±0.63) was significantly higher than in the distal segments (1.13±0.22) (p<0.001) and in the intramyocardial segment (p<0.001).
Even though values in the distal segments (from exit from
tunnel segment exit to 3 cm distant) were lower than those
in the proximal segments, they were still significantly higher
than in the myocardial bridge region (Fig. 8). The atherosclerosis index mean value of each distal segment (D1-D6)
was significantly higher (p<0.001) than the mean value of
the same index in the intramyocardial segment .
Figure 9 illustrates the atherosclerosis index mean values
along the ramus interventricularis anterior. It can be seen that
the index was lowest in the intramyocardial segment (0.71),
and proceeding proximally from the myocardial bridge, the
index rose abruptly and reached its highest value (2.66) in
the P4 segment, after which it declined slowly. In the distal
segments, the index rose in the first segment to 1.24, then
declined to 1.14 in the next segment and remained nearly
constant in subsequent segments.
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DISCUSSION
The aim of our study was to examine the structure of the
intramyocardial segment walls and to determine, with use
of an atherosclerosis index, the degree of atherosclerosis in
the intramyocardial segment of the ramus interventricularis
anterior and in segments proximal and distal to the bridge.
We found the index was lowest in the myocardial bridge segment and was higher in both the proximal and distal segments, but highest in the proximal segments.
Some other workers [1, 9, 13] have made observations similar to ours. They also found that atherosclerosis was absent
from the intramyocardial segment of the ramus interventricularis anterior but was intense proximally to the myocardial bridge. Masuda et al. [13] found that the atherosclerosis index of the segment 30-40 mm distal to the myocardial
bridge did not differ much from that in the intramyocardial
segment. Ishikawa et al. [32] have reported that the most
intense atherosclerotic changes developed 2 cm proximal
to the entrance of the intramyocardial segment. However,
other workers [19-21] have made observations and drawn
conclusions different from ours. They have concluded that
atherosclerosis develops equally in the intramyocardial segment wall and in other parts of the descending artery and
that the myocardial bridge has no influence on the development or localization of atherosclerotic changes. For example, Tomanović-Kokotović et al. [19] found atherosclerotic
changes, predominantly of the type IV and V, in about 90%
of intramyocardial segment walls.
Vanildo et al. [20], in autopsy examination of 30 human
hearts, found atherosclerosis along the entire length of the
anterior interventricular branch, while Winter et al.[21], using intravascular ultrasound, found atherosclerotic changes
of lower intensity in the intramyocardial segment.
Possible mechanisms by which the myocardial bridge could
lead to the development of atherosclerosis in the ramus interventricularis anterior have been put farther. Some scientists [33] have suggested that contraction of the myocardial
bridge fibers disturbs coronary arterial hemodynamics. Others [34] have asserted that high blood pressure in the proximal segment, probably due to contractions of myocardial
bridge fibers with reduction of the lumen diameter, causes
retrograde blood flow and turbulence proximally. Turbulent
blood flow, decreased shearing stress, and increased pressure
in the proximal segment might injure the intima and contribute to the accelerated development of atherosclerosis [35].
Although myocardial bridges are present at birth, some of
the bridges apparently cause no symptoms throughout a
person’s lifetime, but in other persons the bridges may lead
to symptoms of stable or unstable angina pectoris [22], myocardial infarction [23,24,25], pulse disorders [26,27], or sudden cardiac death [28,29]. Recent invasive diagnostic methInt J Cur Res Rev | Vol 9 • Issue 11 • June 2017

ods (quantitative coronary angiography and intravascular
ultrasound) have shown that myocardial bridges cause not
only reduction in systolic diameter of the arterial lumen, but
also an average reduction of about 30% during the first third
of diastole [17,30,31]. This diastolic reduction in luminal
diameter perhaps might result in myocardial ischemia. On
the other hand, contrary views exist about the influence of
the bridges on descending artery wall structure and development of atherosclerotic change: Geiringer [8], from autopsy
findings of 100 human hearts, emphasized that the intramyocardial segment intima was spared from atherosclerosis, an
opinion shared by Ishii et al. [10]. Their histopathological
study, with application of electron microscopy, showed that
the intima of the artery under the myocardial bridge had only
contractile smooth muscle cells and much spiral, twisted collagen in the interstitium. Endothelial cells in the intramyocardial segment were spindle-like and bulged along the
axes of the blood vessel, i.e. in the direction of blood flow,
which indicated that high shearing stress was present in the
intramyocardial segment that acted to protect against development of atherosclerosis. Unlike endothelial cells of the
intramyocardial segment, similar cells of the proximal segment had polygonal and flat shapes. The cells are distributed
so that they resemble a low sidewalk, with spots affected by
the low pulse pressure, which predisposes to atherosclerosis
by enabling an intense transfer of lipids from blood to the
subendothelial area of the blood vessel wall.
We believe that future studies should pay special attention to
the influence of morphological properties of the myocardial
bridge on the propensity for proximal atherosclerosis.

CONCLUSION
The presence of a myocardial bridge in the ramus interventricularis anterior is a risk factor for the development of atherosclerotic changes proximal to the entrance of its intramyocardial segment.
The changes are most prominent in the proximal segment of
the vessel, 1.5-2 cm from its entrance into the myocardium.
This study conforms with the Declaration of Helsinki.
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Figure 3a: Atherosclerotic changes in the ramus interventricular anterior (arrow) 2 cm proximal to the myocardial bridge.
Elastic van Gieson, 100X.
Figure 1: Heart of a 60-year old male person (autopsy preparation). 1) Myocardial bridge. 2) Ramus interventricularis anterior. 3) Ramus circumflexus

Figure 2a: Eccentrically localized atherosclerotic changes (arrow) in the P4 segment of the ramus interventricularis anterior.
H-E, 100X.

Figure 2b: Eccentrically localated atherosclerotic changes in
the P4 ramus interventricularis anterior segment, H-E. 400X
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Figure 3b: Atherosclerotic changes in the ramus interventricular anterior 2 cm proximal to the myocardial bridge. Elastic van
Gieson, 200 X.

Figure 4: Intramyocardial segment of the ramus interventricularis anterior. No atherosclerotic changes are evident. (H-E,
200X).
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Figure 5: Iintramyocardial segment of the ramus interventricularis anterior.No atherosclerotic changes are evident. Elastic
van Giesen, 100X.

Figure 6: Ramus interventricularis anterior 2 cm distal to the
myocardial bridge. H-E, 100X

Figure 8: Atherosclerosis index mean values of the proximal
(left), distal (right middle), and tunnel (middle) segments of the
ramus interventricularis anterior

Figure 9: Atherosclerosis index mean values along the ramus
interventricularis anterior. P, proximal segments; D, distal segments. MB, myocardial bridge segment.

Figure 7: Ramus interventricularis anterior 2 cm distal to the
myocardial bridge. Elastic van Gieson, 100X

35

Int J Cur Res Rev | Vol 9 • Issue 11 • June 2017

