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Objectives: To investigate the possible relationship between MB characteristics (depth, length and volume index) with ECG

Keywords markers [T Peak-to-End interval (Tp-e), transmural dispersion of repolarization and Index of Cardiac Electrical Balance (iCEB)]

Myocardial bridge and changes (ST-T and S/R ratio changes in V1 and aVL leads).

ECG Patients and Methods: Forty-one patients who were diagnosed as having MB at multi-detector CT exam were enrolled in

coronary atherosclerosis
CT angiography

the study.

Results: MB depth and volume index were associated with notched QRS (p = 0.001 and 0.003 respectively) in the whole sample.
The association of notched QRS with MB depth and volume index was more significant in patients with coronary atherosclerosis
(p = 0.001 and 0.01 respectively). There was a statistically significant association between MB length (p = 0.006) and volume
index (p = 0.001) with an increased S/R ratio in aVL lead in patients free from coronary atherosclerosis. No statistically
significant association was observed between MB anatomical characteristics with ECG markers of increased arrhythmia
(p>0.01), including TDR, Tp-e and iCEB.

Conclusion: MB depth and volume index showed a statistically significant association with notched QRS, particularly in patients

with coronary atherosclerosis.

HIGHLIGHTS

1. INTRODUCTION

Myocardial Bridge (MB) is a congenital coronary artery variant
occurs when a part of the epicardial coronary artery, most com-
monly seen in the Left Anterior Descending Artery (LADA) and
less frequently seen in the Right Coronary Artery (RCA) and Left
Circumflex (LCx) artery, covered by myocardial fibers for a vari-
able distance. MB is traditionally regarded as an incidental finding
and may remain clinically silent in the majority of patients [1-3].

However, recent clinical case reports and observational studies
have suggested that MB may be able to induce coronary ischemia,
cardiac arrhythmia and sudden cardiac death in apparently healthy
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individuals without cardiac risk factors of atherosclerosis. The
proposed mechanisms for these adverse cardiac events caused by
MB presence including systolic compression, spasm, plaque and
premature atherosclerosis development proximal and distal to the
bridge and endothelial dysfunction [1,3].

It has been postulated that the anatomic characteristics of MB such
as site, depth length and volume index (MB depth multiplied by
MB length) may be related to coronary ischemia and the occur-
rence of adverse cardiac events even in patients exhibit no consid-
erable coronary atherosclerosis. However, it is still not clear how
the MB anatomical characteristics modulate the occurrence of
adverse events or interfere with therapeutic strategies [4,5].

Recently, a new emerging ECG markers, in particular Transmural
Dispersion of Repolarization (TDR), defined by the T Peak-
to-End (Tp-e) interval and Tp-e/QT, and Index of Cardiac
Electrophysiological Balance (iCEB), defined by QT/QRS, and
notching of QRS are reported to be accepted markers of increased
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risk or ventricular arrhythmia and sudden cardiac death in coro-
nary artery disease [6,7].

Recently, TDR, Tp-e/QT, iCEB and notching of QRS have been sug-
gested to be associated with MB presence [2,6,7].

ECG changes, including S/R ratio and non-specific ST and T-wave
abnormalities specifically at V1 and aVL leads have been suggested
to be associated with LADA lesions responsible for overt coronary
disease and cardiac remodeling even in the absence of symptomatic
coronary artery disease [1,2,4].

However, the exact role of these ECG changes or markers to the
development of adverse cardiac events in patients with MB and
their association with MB anatomical properties is obscured and
not yet fully studied in the literature.

The main aim of this study was to investigate the possible relation-
ships between MB characteristics (depth, length, volume and site)
with ECG markers and changes.

2. PATIENTS AND METHODS

This cross-sectional study was carried out at the Cardiology Center
at Al-Sader Teaching city between January 2016 and December 2018.

Patients recruited in this study were consecutive patients with
suspected coronary artery disease who underwent 64-slice Multi-
detector CT (MDCT) angiography examination to exclude cor-
onary artery disease. Forty-one patients who were diagnosed as
having MB at MDCT exam were enrolled in the study.

Medical history of conventional cardiac risk factors for coronary
atherosclerosis was obtained from each patient through a ques-
tionnaire at the time of coronary MDCT angiography examination
including a positive family history of premature coronary artery
disease (occurring before the age of 55 years in men and before
65 years in women), current smoking history (more than 10 cigarettes
per day in the last year), a history of hypertension or use of anti-
hypertension medications, hyperlipidemia (defined as levels of
total cholesterol 2200 mg/dl or triglyceride =150 mg/dl) or use of
lipid-lowering drugs, a history of diabetes mellitus or use of insulin
or diabetes lowering drugs and measurement of body weight and
height to calculate Body Mass Index (BMI) [2].

Verbal informed consent was obtained from all participants before
enrolment. The study was approved by our Medicine College Board.

2.1. MDCT Scan Protocol

CT coronary angiography was performed with a 64-slice scanner
(Aquilon 64, v. 4.51 ER 010; Toshiba Medical Systems, Tochigi, Japan).
The MDCT data analyses were assessed as per our previous study [2].

2.1.1. MB length, depth and volume index

The length of the MB was defined as the distance of the bridged
artery from the entrance to the exit beneath the myocardial band.
The depth of the MB was defined as the thickness of the deepest part
from the surface of the overlying myocardial fibers to the bridged

segment, on the cross-sectional images. The MB volume index was
defined as MB depth (in mm) multiplied by MB length (in mm) [4].

The analysis of MDCT images were performed by two experienced
radiologists in the coronary MDCT angiography data analysis.

2.1.2. ECG examination

The 12-lead ECGs were recorded in the 12-lead format at a paper
speed of 25 mm/s and voltage of 10 mm/mV by using a standard
ECG system (Marquette Electronics, Milwaukee, WI, USA) while
the patient was resting in the supine position. ECG readings mea-
sured manually by two cardiologists blinded to MDCT results,
using calipers and a magnifying glass. R- and S-wave amplitudes
were assessed to calculate S/R ratio in V1 and aVL leads. QRS dura-
tion in ms calculated from the end of PR to the end of S-wave. The
Tp-e interval calculated from the peak of the T-wave to the end of
the T-wave in the precordial leads. The QT interval calculated from
the beginning of the QRS complex to the end of the T. The mean
value of the measurements was used in the analysis [2].

The Tp-e/QT, which represents TDR and QT/QRS, which rep-
resents the iCEB were calculated from these measurements. Inter-
observer variability was <10%.

With the regard to ECG changes, ST-segment deviation defined as
an elevation or depression of >0.1 mV at 80 ms after the J point
in all leads. T-wave inversion defined as T-wave >1 mm below TP
segment in all leads. Diffuse ST-T changes defined when >2 conta-
gious and noncontiguous leads showed ST depression or elevation
or T inversion [2].

Notched QRS defined if there was an end-QRS notch or a slur on
the downslope of a prominent R-wave [6].

2.2. Statistical Analysis

Data are expressed as mean * standard deviation or as number%
or as median (interquartile range), as appropriate. The associa-
tions between MB length, depth and volume index with contin-
uous ECG variables examined using Spearman’s rank correlation.
Student’s ¢-test was used to compare MB length, depth and volume
index among dichotomous ECG variables, including T-wave inver-
sion and notched QRS. The multiple regression analysis was not
performed due to the small sample size. A p-value <0.01 was used
to indicate statistical significance to decrease the risk of randomly
generated significant results by multiple testing. SPSS ver. 23.0
(SPSS Inc., Chicago, IL, USA) was used for statistical analysis.

3. RESULTS

Forty-one patients with MB (age 56 + 10 years, 56% male) were
enrolled in the study. There were no ST-segment depression or ele-
vation reported no MB patients in the present study. Patients’ char-
acteristics are shown in Table 1.

The statistical analysis was performed in two steps:

First, we studied the relationship of MB characteristics with ECG
markers and changes in the whole sample (41 patients with MB).
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Table 1 Patient’s characteristics

Mean * SD or n%
Parameters

or median (IQR)
Age 56 + 10
Male 56%
Hypertension 54%
Diabetes mellitus 20%
Dyslipidemia 36%
Family history 10%
Smoking 27%
BMI 29+5
MB characteristics
Length (mm) 21+9
Depth (mm) 35+1.7
Volume index (mm) 82 +22
MB site
LADA MB 93.5%
RCA MB 5%
LCx MB 2.5%
CAC 0 (0-54)
ECG markers
QRS (ms) 77 +22
QT (ms) 397 £ 61
Tp-e (ms) 73 +£12
iCEB 56+2
TDR 0.18 £ 0.0
Notched QRS 15%
Diffuse T inversion 27%
T inversion V1 41%
S/RaVL 0.2+0.5
S/RV1 5+1.9

Second, we classified the MB patients into two groups according to
Coronary Artery Calcium (CAC) score values: patients without cor-
onary atherosclerosis or normal coronary arteries (CAC = 0) group
(19 patients) and patients with coronary atherosclerosis (CAC > 0)
group (22 patients). The relationship of MB characteristics with ECG
changes and markers were analyzed in each group separately.

3.1. MB Length Relationship with ECG
Markers and Changes

Myocardial bridge length mean was 21 + 9 mm. There was no
statistically significant association between MB length with ECG
changes and markers (p > 0.01) in the whole sample, as in Table 2.

After dividing patients into two groups according to CAC score
values, a statistically significant association was observed between
MB length with an increased S/R ratio in aVL lead (p = 0.006) in
the patients without coronary atherosclerosis, while no statistically
significant association was observed between MB length with other
ECG markers and changes (p > 0.01), in both coronary atherosclero-
sis and without coronary atherosclerosis groups, as in Tables 3 and 4.

3.2. MB Depth Relationships with ECG
Markers and Changes

Myocardial bridge depth mean was 3.5 + 1.7 mm. A statistically sig-
nificant association was observed between MB depth with notched

Table 2 Association of MB characteristics with ECG changes and
markers in the whole sample

MB length MB depth  MB volume
ECG markers

r p-value r p-value r p-value
QRS 0.1 0.3 0.3 0.02 0.3 0.03
QT 0.0 0.5 0.1 0.4 0.0 0.6
Tp-e 0.2 0.1 0.0 0.6 0.1 0.2
iCEB 0.0 0.5 0.2 0.1 0.2 0.1
TDR 0.2 0.1 0.1 0.3 0.2 0.1
T inversion V1 _ 0.2 _ 0.06 _ 0.1
Diffuse T inversion _ 0.5 _ 0.6 _ 0.8
Notched QRS _ 0.1 _ 0.001 _ 0.003
S/RaVL 0.3 0.02 0.0 0.6 0.2 0.1
S/RV1 0.0 0.5 0.0 0.8 0.0 0.8

Table 3 Association of MB characteristics with ECG changes and
markers in patients without coronary atherosclerosis

MB length MB depth  MB volume
ECG markers

r p-value r p-value r p-value
QRS 0.0 0.9 0.1 0.6 0.1 0.5
QT 0.0 0.8 0.2 0.2 0.1 0.5
Tp-e 0.0 0.9 0.1 0.4 0.0 0.8
iCEB 0.0 0.9 0.0 0.9 0.0 0.8
TDR 0.1 0.6 0.0 0.8 0.1 0.6
T inversion V1 _ 0.3 _ 0.06 _ 0.1
Diffuse T inversion _ 0.3 _ 0.3 _ 0.2
Notched QRS _ 0.02 _ 0.03 0.6 0.003
S/RaVL 0.6 0006 05 0.03 0.7 0.001
S/RV1 0.2 0.2 0.2 0.2 0.2 0.2

Table 4 Association of MB characteristics with ECG changes and
markers in patients with coronary atherosclerosis

MB length MB depth  MB volume
ECG markers

r p-value r p-value r p-value
QRS 0.3 0.1 0.5 0.01 0.5 0.005
QT 0.1 0.3 0.1 0.6 0.1 0.6
Tp-e 0.4 0.04 0.4 0.05 0.4 0.04
iCEB 0.2 0.3 0.3 0.09 0.3  0.07
TDR 0.3 0.1 0.3 0.09 04  0.05
T inversion V1 _ 0.8 _ 0.5 _ 0.6
Diffuse T inversion = _ 0.9 _ 0.3 _ 0.6
Notched QRS _ 0.4 _ 0.001 _ 0.01
S/RaVL 0.2 0.2 0.2 0.2 0.2 0.2
S/RV1 0.2 0.2 0.2 0.2 0.2 0.2

QRS (p = 0.001). In contrast, there was no significant association
between MB depth with other ECG changes and markers in the
whole sample, as in Table 2.

In patients without coronary atherosclerosis, a statistically signif-
icant association was observed between MB depth with notched
QRS (p = 0.001) in the coronary atherosclerosis group, while no
statistically significant association was observed between MB
depth with other ECG markers and changes (p > 0.01), in both cor-
onary atherosclerosis and without coronary atherosclerosis groups,
as in Tables 3 and 4.
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3.3. MB Volume Index Relationships with
ECG Markers and Change

A statistically significant association was observed between MB
volume index with notched QRS (p = 0.003) in the whole sample,
as in Table 2. A statistically significant association was observed
between MB volume index with increased S/R ratio in aVL lead
(p = 0.001) and notched QRS (p = 0.003) in patients without cor-
onary atherosclerosis, while no statistically significant association
was observed between MB volume index with other ECG markers
and changes (p > 0.01), in both coronary atherosclerosis and with-
out coronary atherosclerosis groups, as in Tables 3 and 4.

4. DISCUSSION

The main results of the present study are as follows: (1) MB depth
and volume index were associated with notched QRS complex;
(2) a statistically significant association of MB length and volume
index with increased S/R ratio in aVL lead was observed in patients
without coronary atherosclerosis.

Myocardial bridge is considered to be the most common congen-
ital abnormality encountered in coronary computed tomographic
studies. However, the exact prevalence of coronary MB and its car-
diovascular consequences varies widely among studies according
to the method used for the detection of MB presence and selection
of enrolled patients [2,3].

Emerging data suggest that specific anatomic characteristics of
myocardial bridges, such as length, depth and volume index, may
be contributed to the development of atherosclerosis and related to
subsequent adverse cardiac events and increased morbidity [3,7].

It was believed that long and deep MB leads to an augmentation of
the systolic compression of the involved coronary artery causing
an increase of retrograde blood flow toward the proximal seg-
ment and disturbance of blood hemodynamics to the peripheral
myocardium [8].

Moreover, MB volume index was significantly larger in patients
with coronary atherosclerosis than that in cases without cardiac
lesions [9].

Recently, fragmentation or notching of QRS complex is proposed
to be a novel and simple ECG marker that can be used in identify-
ing patients at high risk for arrhythmic events [6,10].

Seo et al. [6] reported that the notched type of QRS was more fre-
quently observed in MB involving LADA.

Also, early repolarization abnormalities and terminal notching of
QRS were reported in young patients with chest pain and MB of
LADA, but without occlusive coronary atherosclerosis, with perfu-
sion defects matched the areas supplied by the bridged part of the
LADA in the absence of occlusive coronary atherosclerosis [11].

It has been suggested that subtle ECG changes and repolarization
abnormalities in patients with MB may precede the development of
occlusive coronary atherosclerosis [12].

Generally, MB patients showed nonspecific ECG changes of
coronary ischemia or conduction abnormalities in the resting
state [1,2].

It has been suggested that isolated ST-T changes at V1 and aVL
leads are associated with lesions in the left anterior descending
artery [2,13].

Patients with MB may have dynamic precordial ST-T changes,
mimicking Wellen's ECG pattern, and repolarization disturbances
secondary to myocardial edema rather than left ventricular systolic
dysfunction in the absence of occlusive coronary retry disease [14].

The association of MB length and volume index with increased
S/R ratio in aVL lead in patients with normal coronary arteries, but
not in patients with coronary atherosclerosis, in the present study
raises the question about the subtle non-ischemic ECG changes in
patients with MB with subsequent changes secondary to the effect
of progressive coronary atherosclerosis process.

In the present study, no statistically significant association was
observed between MB anatomical characteristics with ECG markers
of increased arrhythmia (p > 0.01), including TDR, Tp-e and iCEB.

It has been reported that a hemodynamically significant MB mor-
phological features are associated with increased myocardial fibro-
sis and edema, both of which are linked with an increased risk of
electrical instability of the heart [15].

However, a positive association between MB presence and ECG
markers of increased risk of sudden death and malignant arrhyth-
mia has not been yet definitely proved, despite many small studies
and case reports support this potential association [15,16].

In agreement with our findings, Yildirim et al. [16] showed no sig-
nificant association between MB length with ECG repolarization
markers, including TDE and Tp-e interval.

The clinical relevance of the association of MB with long-term
adverse outcomes and increased risk of sudden cardiac death sec-
ondary to electrical changes related to MB anatomical properties
was debated among previous case reports. Several case reports
showed a possible link between MB with an increased risk of
sudden death and adverse clinical outcome [15-18].

On the other hand, other case reports showed that a good long-
term outcome for patients with MB involving LADA [2,9].

These debating results regarding the association of MB with
increased risk of cardiac mortality and morbidity reflecting the
heterogeneous nature of MB presence and that not all myocardial
bridges are the same with different hemodynamic and cardiac con-
sequences related to specific MB anatomical characteristics, partic-
ularly MB length and depth.

There are several limitations to this study. First, controlling for all
possible factors or residual confounding that might affect ECG
markers was difficult. Second, the small number of study patients
did not allow assessment of the association of MB site with ECG
markers and changes or performing regression analysis, which may
limit the generalizability of our results. Third, the lack of an appro-
priate control group to compare the results as patients without MB
have no anatomical characteristics to be compared with ECG find-
ings. A prospective study with a larger number of individuals with
MB is required to confirm the results of the present study and its
clinical significance.

The results of the present study may provide a valuable insight,
which could be used in large-scale, follow-up studies for better
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understanding of the prognostic and clinical significance of MB
anatomical characteristics.

In conclusion, MB depth and volume index showed a statistically
significant association with notched QRS, particularly in patients
with coronary atherosclerosis. The clinical significance of the pres-
ent findings needs to be validated in a larger prospective study.
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