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1. Introduction

Myocardial bridging(MB) is considered as a congenital condition. Usually, coronary artery
runs through epicardially. Myocardial bridging occurs when a segment of a coronary artery
or its major branch travels intramurally through the myocardium. The myocardium
overlying the intramural segment of epicardial coronary artery is called a myocardial
bridging, and the artery coursing within the myocardium is called a “tunneled artery”. It
may dip into the myocardium for varying lengths. The mid portion of left anterior coronary
artery has been reported as the most frequent site of myocardial bridges. This phenomenon
was first described by Grainicianu in the early 1920s. In 1960, Portmann and Iwig first
reported the radiological appearance of transient occlusion in a segment of the left anterior
descending coronary artery during systole. A large discrepancy exists between pathological
series, in which the incidence has varied from 15% to 85%, and angiographic series, in which
it is reported as being between 0.51% and 2.5%.

The clinical significance of MB is controversial. Myocardial bridging has been shown linking
to clinical complications that include ischemia, acute coronary syndrome, coronary spasm,
arrhythmia, and sudden death, although in the vast majority of cases, myocardial bridging
remains clinically silent.

Coronary angiography remains the current gold standard for diagnosing MB. Lower
prevalence of myocardial bridging on coronary angiography may partly due to thin
bridging. In addition, coronary angiography is an invasive technique with complications
and risks. Until now, intravascular ultrasound (IVUS) is the most accurate method to
diagnose MB. Intracoronary Doppler ultrasound (ICD) has also been used in the diagnosis
of bridging. However, they are all invasive and expensive and not routinely used in
clinical settings. Therefore, the need for a non-invasive technique for detection of bridging
has emerged. While multi-detector computed tomography (MDCT) angiography is faster
and more adequate, it has the ability to assess the course and the anatomic relationships
of the coronary arteries. With the advent of high-resolution magnetic resonance imaging
and shorter scan time, it will have a bright future for the reason of no contrast and
radiation.

In this paper, we will discuss the non-invasive method to detect myocardial bridging in
comparison to invasive technique.
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2. Prevalence

The prevalence varies substantially among different studies. It was higher at autopsy
studies than conventional coronary angiographical studies. The incidence of myocardial
bridging among postmortem studies had been reported from 5% to 86%[1-11]. However, the
prevalence of myocardial bridging among patients with conventional coronary angiography
varied from 0.5% to 33%[12-27]. The discrepancy may be partly due to that the compression
during systole is little and lack of provocation with nitroglycerin at the time of angiography.
In a large cohort study of Chinese patients, myocardial bridging is up to 16.1% after
intracoronary nitroglycerin [27]. It was reported that the incidence of myocardial bridging
may be as high as 40% in patients with coronary angiography when positive inotropic
medication but not nitroglycerin is used as prevocational agent[23]. Another reason may be
partly due to that myocardial bridging does not always induce dynamic compression at
conventional angiography. In that case, it is difficult to unmask the myocardial bridging at
conventional angiography [28].

Diastolic Systolic

Fig. 1. One case of myocardial bridging on conventional angiography. Compression of
coronary artery during systolic occurs at the middle segment of left anterior descending
artery(white arrow) and relaxation at diastolic phase.

It was reported that myocardial bridging is higher in patients with heart transplant
recipients. In 33% of 64 heart transplant patients, myocardial bridging is detected. The
higher incidence might be related increased stiffness and hypertrophy of myocardium[20].
At the circumstance of myocardial hypertrophy, vigorous contraction facilities the detection
of myocardial bridging. A higher prevalence of myocardial bridging had also been reported
in patients with hypertrophy. Multiple sites of myocardial bridging may be occurred in
patients with hypertrophic obstructive cardiomyopathy[29].

Most of myocardial bridging is occurred at the site of LAD. However, myocardial bridging
of right coronary and left circumflex is reported not only at postmortem studies but also
conventional angiographic studies[30]. The incidence of myocardial bridging at the site of
LAD shows no difference at different age and sex[12].
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3. Classification of myocardial bridging

At postmortem studies, Ferreira et al distinguished between two types of bridging: (1)
superficial bridges (75% of cases) crossing the artery perpendicularly or at an acute angle
toward the apex, and (2) muscle bundles arising from the right ventricular apical trabeculae
(25% of cases) that cross the LAD transversely, obliquely, or helically before terminating in
the interventricular septum]8].

Superficial or deep myocardial bridges form in utero at the time of cardiac development. In
most individuals they do not cause symptoms but particularly in those with deep
myocardial bridges, the anatomical relation of the myocardial fibers can distort the artery
that can be identified angiographically. The possibility of myocardial bridges should be
borne in mind in individuals with ischemia but no evidence of coronary atherosclerosis.
Based on conventional angiography, myocardial bridging is classified as three groups
according to the percentage of systolic compression of left anterior descending coronary
artery. Systolic compression less than 50% was classified as group I. Systolic compression
between 50% and 70% represented group II. Patients with systolic compression=70%
represented group IIL. [12].

Schwarz proposed a new MB classification for symptomatic patients with MB. Three types
of myocardial bridging were divided. Type A indicates patients with MB with no objective
signs of ischemia. MB was detected occasionally. Type B indicates patients with MB with
objective signs of ischemia. Type C indicates patients with or without objective signs of
ischemia and altered intracoronary hemodynamics (by QCA/CFR/intracoronary Doppler).
The classification is of clinical importance since 5-year follow-up showed that type B
responded well to beta-blockers or calcium channel antagonists [31].

Based on computed topography angiography(CTA), MB can be classified as three types.
Type I is myocardial bridging with partial encasement as LAD being within the
interventricular gorge and in direct contact with left ventricular myocardium. Type II is
myocardial bridging with full encasement as LAD being surrounded by myocardium but

Raght Right Right Right
vefitricula veniricular vientricitlar veniricular

Left Let Lt Lehi
ventricu lar ventneular vientncilar ventrienlar

A B Cc D

Fig. 2. Schematic illustration of classification of MB at MDCT. At normal condition, coronary
runs through the ventricular septal without contacting with myocardium(A). When the
artery is closely contacting with septal myocardium without myocardium overlying it, it is
classified as partial encasement(B). If there is myocardium overlying the artery, it is called
full encasement(C and D, arrow indicates myocardium overlying coronary artery). The full
encasement is further classified as overlying myocardium without measurable (less than
0.7mm, C) and measurable type (D) [28].
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without measurable overlying myocardium. Type III is myocardial bridging with full
encasement as LAD being surrounded by myocardium but with measurable overlying
myocardium (>0.7mm) [28](Figure 2).

4. Modern view of MB

Usually, dynamic compression of myocardial bridging is caused by myocardium overlying
tunneled artery. During systolic phase, contraction of myocardium induces stenosis of
coronary artery, while coronary artery turns to normal because of the relaxation of
myocardium during diastolic phase. However, recent study by Kim et al raised some new
features on MB. They demonstrated that systolic compression does not always occur in
segments with overlying muscle. Dynamic compression affects only one third of patients
with overlying myocardium. The length of dynamic compression was longer than that of
tunneled segment. It suggested that coronary artery entrapped within the interventricular
gorge is the mechanism of dynamic compression [28].

5. Mechanisms for atherosclerosis and ischemia

Myocardial bridging is usually considered as a benign condition since coronary flow is
maximal during diastole but not systole. However, frame by frame analysis of myocardial
bridging at intrvascular ultrasound (IVUS), which half moon phenomenon is seen as new
characteristic at IVUS, showed delayed relaxation during early diastole [32]. At the same time,
studies with intracoronary Doppler in patients with myocardial bridging showed that a peak
of high flow velocity was detected in early diastole [33-34]. The reason for this hemodynamic
disturbance may be related to the pressure gradient between the proximal and distal segment
of myocardial bridging. The lower shear stress may contribute to atherosclerosis at proximal
segment of myocardial bridging, whereas higher shear stress may protect it from atherosclerosis
at the tunneled segment of myocardial bridging, which is of interest to study [35].

Also, those high pressure gradients ultimately increase local wall tension and subsequent
endothelial dysfunction and atherosclerosis formation at the proximal segment. The extent
of atherosclerosis is higher in the proximal segment of myocardial bridging than the
tunneled segment is attributed to the higher expression of eNOS, ET-1 and ACE [36]. Recent
study showed that properties of the MB enhance the development of atherosclerosis in the
LAD proximal to the MB, resulting in MI[37]. Studies by MDCT showed that length and
thickness of MB as well as MB location are associated with the formation of culprit lesions of
LAD proximal to MB in MI. In myocardial infarction (MI) patients with culprit lesions in the
LAD proximal to MB, MB length, MB thickness, and index of the length multiplied by
thickness of MB were significantly greater than non-culprit group. The distance from the
orifice of the left main trunk to MB entrance was anatomical significantly shorter [38]. It
further supports the notion that anatomatical properties of MB are associated with
atherosclerosis at proximal segment of MB.

It demonstrated that coronary atherosclerosis is more pronounced and extended up toward
to the coronary ostium. It suggests that myocardial bridging enhances the predisposition to
coronary atherosclerosis and myocardial infarction. This novel anatomic risk factor for
coronary atherosclerosis and myocardial infarction changes previous opinion that
myocardial bridging is considered as a benign condition. Future studies must demonstrate
not only the presence of bridging but also the disease stage and the presence of signs of
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complicated lesions, which may be an even more pronounced hint of the anatomic risk
factor for a acute coronary events.[39]

Ischemia induced by myocardial bridging is related to several reasons. In addition to
systolic compression and delayed diastolic relaxation, vasospasm of coronary artery may be
another mechanism. The considerable delay in blood flow and reduced distal coronary
pressure are presumed to impair coronary vasodilator reserve, which may induce ischemia
in patients with myocardial bridging. Another reason for coronary ischemia may be related
to coronary spasm, of which is stimulated by endothelial dysfunction of coronary artery.
Coronary angina even myocardial infarction may occur in this situation.

6. Detection of myocardial bridging using non-invasive method

Multi-detector computed tomography (MDCT)

Technique

The heart is moving fast during computed tomography imaging. So it requires a higher
temporal resolution and higher spatial resolution for visualization of coronary artery as well as
myocardial bridging. Despite improvement of imaging acquisition of coronary artery, there is
still some gap between coronary CT angiography and invasive coronary angiography. At
normal condition, temporal resolution of MDCT((4-MDCT, 250 milliseconds; 16-MDCT, 183-
250 milliseconds; 64-MDCT, 165-210 milliseconds) is much more lower than that of invasive
coronary angiography(<10 milliseconds). However, with dual source CT, the temporal
resolution can be achieved less than 100 milliseconds, which eliminates the need for cardiac
control before coronary CT angiography with beta-blockers. When beta-blockers is used before
imaging acquisition, it may reduce the systole compression and decrease the detection rate of
myocardial bridging. Furthermore, the use of dual source CT may manifest the milking effect,
as shown in invasive coronary angiography. [40]

7. Myocardial bridging on MDCT

16-MDCT

Although conventional coronary angiography is considered as golden standard for
detecting myocardial bridging, other techniques are also used at clinical, including
intravascular ultrasound and Doppler. However, they are all invasive method with much
trauma and not cost-effectiveness. With the advance of multi-detector row spiral computed
tomography(MDCT) and multiplanar reconstruction, coronary artery disease is possible to
be visualized accurately and non-invasively.

At the beginning, myocardial bridging is estimated about 22(3.5%) of the unselected 626
patients with 16-MDCT scanners, 15(2.4%) at the middle segment of LAD, 5(0.8%) at the
distal segment of LAD and 2(0.3%) at proximal segment of LAD. The length and depth of
myocardial bridging is between 6 and 22 mm (mean, 17mm) and between 1.2 and 3.3 mm
(mean, 2.5 mm). [41] In their study, they first examine axial resource and the multiplanar
reconstructions for all patients. Myocardial bridging is diagnosed if coronary vessel
coursing in the muscle or getting closer to the septum. By means of changing the window
width and level, the muscle fibers overlying the coronary and the narrowing of the vessel at
this area can be analyzed. Compared with detection of myocardial bridging with coronary
angiography, MDCT does not require an experienced eye and deep style myocardial bridge.
It is more easily to unveil the mask of bridging even a few muscles overlying the tunneled
artery based on constructional 3D volume-rendering images. [41]
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In another study with 16-row MDCT of 148 patients with coronary heart disease, 23
patients (15.8%) with myocardial bridging is detected over 1.0 mm in thickness: 21 (87.5%)
were located in LAD with a mean thickness and length of 1.8+0.7 and 20.0+8.6 mm.
Moreover, although the tunneled segment beneath MB was always free of coronary wall
lesions, 79.2% (19/24) of the segments proximal to MB demonstrated coronary wall lesions.
Of special significance were three symptomatic MB patients without any atherosclerotic
lesion throughout all the coronary arteries. [42]

64-MDCT

In a study, 277 patients studied with 64-slice MDCT for suspected or known coronary
atherosclerosis were retrospectively reviewed for myocardial bridging. MB was presented in
82 patients (30%). Bridges were of variable length (<1 cm 58%; 1-2 cm 32%; >2 cm 10%)
depth (superficial 69%, intramyocardial 31%) and frequently localized in the mid-distal
segment of the left anterior descending artery (95%). Coronary segments proximal to the
bridge showed no atherosclerotic disease (33%), positive remodeling (27%), <50% stenosis
(20%) or >50% stenosis (20%). In this study, 12 non-calcified, 32 mixed and 17 calcified
plaques were identified. The distal segments were significantly less affected (p<0.0001). [43]

Fig. 3. MB at 64-MDCT. It clearly demonstrates that coronary artery coursing through
myocardium at the middle segment of LAD.

128-MDCT

Lazoura et al evaluates the prevalence, length, depth, and location of myocardial bridging of
the coronary arteries using 128-MDCT. 875 patients were enrolled in this study. 184 subjects
(21%) were found to a single myocardial bridge, including complete bridging in 161 patients
(18.4%) and incomplete bridging in 23 patients (2.6%). Most of MB were at the middle
segment of LAD(67.9%). The mean length and maximum myocardial thickness overlying
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the complete bridging were 20.9 mm (range 8-32mm) and 2.6 mm (range 1.2-5.3 mm),
respectively. The mean length of the incomplete bridging was 17 mm (range 9-2.3 mm). [44]

Dual source MDCT

Dual source MDCT has fewer imaging time and better resolution for detecting myocardial
bridging and is not influenced by heart rate. The results by Hwang et al showed that 536
patients of the 1,275 patients (42%) were found with MB in this study. Superficial MB was
observed in 368 of 557 (66%) cases, and deep MB was seen in 189 of 557 (34%) cases. Superficial
MB showed 2 types: complete (128 of 368, 35%) and incomplete (240 of 368, 65%).The mean
length of a tunneled segment for superficial MB was 16.4 + 8.6 mm. The mean length and
depth of a tunneled segment for deep MB were 27.6 £12.8 mm and 3.0 + 1.4 mm, respectively.
The incidence of atherosclerotic plaques in a 2-cm-long segment proximal to MB was 16%[45].
Studies evaluate MB using MDCT are illustrated in table 1

Author (Refer.) |Sample size |Frequency (%) (MDCT Comment
Takamura et al 38 (228 18.9 16 AMI patients
Ou et al 46 2530 5.4 DSCT All patients
Kim et al 47 607 6.42 64 All patients

Suspected or known

La Grutta et al®3 |277 30 64 .
coronary artery disease

Lazoura et al* |875 21 128 All patients

Bayrak et al® 990 22.5 64 All patients

Liu et al 4 3011 5.8 64 Coronary heart disease

De Rosa 235 48.7 16 Atypical chest pain

Jacobs 51 506 10.4 64 All patients

Atar 52 165 17 64 All patients

Zeina 53 300 26 16(226),64(64) |All patients

Yang 5 900 18.6 64 igspected coronary artery

isease

Kawawa5> 148 15.8 16 Coronary heart disease

Hwang 4 1275 46 DSCT All patients

Chen 56 114 50 64 APH patients

Kosar et al 7 700 37 64 Suspeeted oL known

coronary artery disease
Chen58 276 8.7 16 All patients
Suspected or known

Kim 28 300 58 64 .
coronary artery disease

Jodocy 221 23 64 All patients

Lubarsky®0 245 44 64 All patients

Konen¢! 118 30.5 64 All patients

DSCT indicates dual source computed tomography; APH: apical hypertrophic cardiomyopathy
Table 1. Illustration of MB at different MDCT studies
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8. Comparison of coronary CT angiography and invasive coronary
angiography for detection of myocardial bridging

Several studies have explored the effect of MDCT and invasive coronary angiography for
detection of myocardial bridging. Leschka et al studied 100 patients (38 women, 62 men;
mean age, 63.8 £11.6 years) who underwent 64-section MDCT and conventional coronary
angiography. They found that the depiction rate of MB is greater with 64-section MDCT
coronary angiography than with conventional coronary angiography. MB was detected with
MDCT in 26 (26%) of 100 patients and with conventional angiography in 12 patients (12%).
In 14 patients in whom MB was found at MDCT but not at conventional angiography,
length, depth, and systolic compression were significantly lower than in patients in whom
both modalities depicted the anomaly. The degree of systolic compression of MB
significantly correlates with tunneled segment depth but not length [62].

In another study with 120 patients who underwent MDCT and coronary angiography, 30
patients were observed with MB. The within-MB diameters on MDCT-CTA and coronary
angiography showed a significant correlation during systolic and diastolic phases. In case of
MB, segments with sufficient systolic compression (>50%), length of MBs on MDCT and
coronary angiography correlated significantly not only at systolic phase but also at diastolic
phase [63].

Kim et al in a study with 300 patients who received 64 section MDCT showed that frequency
of MB was 58% which partial encasement of 57 patients and full encasement of 117 paxents,
while only 40 patients (13.3%; partial encasement in 1 patient and full encasement in 39)
demonstrated dynamic compression at conventional angiography. The length of the
dynamic compression was considerably longer than the respective tunneled segment in all
patients. Total length correlated with the dynamic compression, but depth did not. The
higher prevalence of MB on MDCT is considered to the inclusion of partial and full
encasement on CTA, the use of short-axis images obtained perpendicular to the long axis of
the LAD for all analysis and measurement, the consistently high image quality of CTA with
64-section CT, observation of a single artery (LAD) with a specific purpose and the
convenience of their system for reviewers[28].

9. Comparison of myocardial bridging detection by MDCT with intravascular
ultrasound

The intravascular ultrasound has also been used to study MB. Instead of systolic
compression, “half-moon” phenomenon has been demonstrated. It is specific for the
existence of MB.[33,64]Invasive intravascular ultrasound (IVUS) is considered as the most
accurate method for detecting MB under current situation. Data from our study showed that
comparing with IVUS, the sensitivity of detection by MSCT was 93% and specificity was
100%. Minimal and maximal diameters of MB derived from MSCT were significantly
smaller than those from IVUS [65]. MSCT offers a reliable non-invasive method for MB in
LAD and atherosclerosis diagnosis with diagnostic accuracy comparable with invasive
IVUS.

From studies above, it can be concluded that prevalence of MB on MDCT is relatively high
than we have thought to. The specificity and sensitivity on MDCT is higher than that on
conventional angiography and is nearly equal to IVUS, which is thought to be golden
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Fig. 4. MDCT,CAG and IVUS images in a patient with MB. MB at the middle segment of
LAD is showed in MDCT image (A and B). Myocardium over tunneled artery is clearly
demonstrated (arrows). The compression segment is much longer than the tunneled artery
which suggests compression occurs not only at the segment with overlying myocardium.
Coronary angiography clearly demonstrated the milking effect during systolic phase which
is relaxed during diastolic phase (C and D). “Half moon” phenomenon is seen at IVUS both
systole (E, arrows) and diastole (F, arrows)[65]. (Reprinted with permission of the author)

standard. The lower rate of MB on coronary angiography may be due to less compression
during systole, shorter length of MB, course of the tunnel segment. Not only MB can be
assessed on MDCT, but also the atherosclerosis progress at the proximal segment of MB can
be evaluated on MDCT during follow up. In the future, MDCT studies will need to evaluate
the natural course of coronary atherosclerosis in those with and without myocardial
bridging and to demonstrate whether the congenital variant is clearly a anatomic risk factor
for myocardial infarction, possibly related to earlier onset and manifestation of coronary
artery disease [39].

10. Detection of MB with magnetic resonance imaging (MR)

Substantial progress has been made since first study of visualizing coronary arteries in the
late 1980s. [66-67]

The advantage of without contrast and radiation with MR makes it preferable for younger
athletes and renal insufficient patients to identify possible coronary artery disease as well as
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MB. In addition, calcified lesions at MDCT images show positive diagnosis or cannot be
clearly demonstrated for the artifact from calcification in many cases. Recent study by Liu et
al showed that detection of calcified lesion of coronary artery by MR is better than that by
MDCT [68].

At the beginning, a spoiled gradient-echo sequence at 3-dimensional coronary MR was used
for detection of coronary artery disease [69]. Later, steady-state free precession (SSFP)
imaging [70-71] was used to gain better image results. The major problems affecting
coronary MR imaging are the long time scanning and artifacts induced by motion instability
during long time scan. With the improvement in parallel processing, multichannel receiver
coils and wide use of 3.0-T MR, it will be a promising method for assessing coronary artery
disease as well as MB. However, artifact was much more common with the use of SSFP
sequence when 3.0-T MR was applied to evaluate coronary artery. A spoiled gradient echo
technique has gained much attention for better image quality and less artifacts.[72]
Nowadays, the diagnostic accuracy of the coronary MRA technique to detect a patient with
a 50% stenosis demonstrated a sensitivity of 88.7%, a specificity of 82.1%, a positive
predictive value of 86.5%, and a negative predictive value of 92%.[73]

Recent study showed that coronary artery with diameter larger than 1.5mm could be clearly
assessed with 3.0 T MR, which in previous studies, only coronary artery with diameters
larger than 2.0mm be clearly evaluated.[74] In this circumstance, MB at the proximal and
middle segment of LAD will be assessed very well.

o ] ®

Fig. 5. CAG, MDCT and MR images in a patient with MB. MB at the middle segment of LAD
is showed in coronary angiography image. A milking effect is seen during systolic phase(B,
arrows) which is relaxed during diastole (A, arrow). Myocardium overlying tunneled artery
is not demonstrated at MDCT (C, arrow and D). The compression segment at coronary
angiography is longer that tunneled artery at MDCT. MB at the middle segment of LAD and
compression of MB are showed at MR image (E, arrow). A soft plaque was demonstrated at
proximal segment of LAD at MDCT image (C).
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However, until now, there is not a study to evaluate the prevalence of MB at coronary MR.
It may be due to about one third of the patients can not complete the coronary MR imaging
or the inability to evaluate all the coronary arteries in all patients [73]. In the further, more
sensitive technique must be used in clinical for better image quality and shorter time scan. A
pilot study should be prepared to assess the prevalence of MB and atherosclerosis progress
induced by MB.
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