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Abstract

Background: The association of myocardial bridge (MB) with cardiovascular risk and the possible cardiovascular risk
factors remain unclear. This study aimed to explore the clinical characteristics and related factors of coronary
stenosis proximal to an MB.

Methods: This was a retrospective study of patients with symptoms of coronary atherosclerotic heart disease
admitted between 10/2011 and 12/2014 to the Emergency and Cardiology Department of Bayannur Hospital, who
underwent selective coronary angiography (SCAG). The patients were assigned to the non-stenosis and stenosis
groups according to whether coronary stenosis was proximal to the MB.

Results: Among 244 patients with MB and cardiovascular symptoms, 91 (37.3%) had stenosis proximal to the MB.
Compared with the non-stenosis group, there were more males (80.2% vs. 55.6%, P < 0.001) and smokers (including
those who had quit smoking) (P < 0.001) in the stenosis group. There were no significant differences in blood lipid-
related indexes (TG, TC, HDL-C, LDL-C, and VLDL-C) between the two groups. Multivariable analysis suggested that
MB location in the middle distal or distal segment of the left anterior descending artery (LAD) increased the odds
of coronary stenosis proximal to the MB (OR = 0.439, 95% CI: 1.57–7.532, P = 0.002), which was then considered an
independent factor associated with coronary stenosis proximal to the MB.

Conclusions: In patients diagnosed with an MB by SCAG, only MB located in the middle distal or distal segment of
the LAD is independently associated with coronary stenosis proximal to the MB.
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Background
A myocardial bridge (MB) is a common congenital ana-
tomic variation characterized by the left anterior de-
scending artery (LAD) partly covered by the myocardial
tissue [1, 2]. An MB can be identified by a combination
of imaging modalities such as multidetector computed
tomography (CT), CT angiography, intravascular ultra-
sound, and coronary digital subtraction angiography
(DSA) [3–6]. The actual prevalence of MB is unknown
because it is often an incidental finding, and its detection
varies among imaging methods [7]. Necropsy studies re-
ported widely variable rates of 5–86% [8, 9], but the ac-
tual prevalence should be around 25% [7]. Thick MBs,
very thick MBs, and very thick MBs with myocardial
hypertrophy can be potentially symptomatic, causing
myocardial steal, coronary spasm, coronary artery dis-
ease, and coronary dissection [7]. Symptomatic patients
can be managed conservatively or by percutaneous or
surgical treatment [7].
A recent study suggested that the MB is not associated

with the risk of cardiovascular (CV) death or myocardial
infarction (MI) [10], but this finding remains controver-
sial [11]. Studies suggested that the MB shifts the local
hemodynamics toward an increased CV risk [2, 12, 13],
while other reports indicated that individuals with or
without an MB have similar CV risk [3, 14–18]. Never-
theless, irrespective of the CV risk, it is well recognized
that the LAD under an MB or distal to the MB remains
free of atherosclerosis, while the proximal part of the
MB is vulnerable to the development of atherosclerotic
plaques and stenosis [2, 4, 12–14, 19, 20]. A recent study
indicated that an MB might increase the risk of athero-
sclerosis in the LAD proximally to the MB, a risk par-
ticularly elevated in patients with risk factors for CV
diseases (CVD), including age, male sex, smoking, dia-
betes, hypertension, hypercholesterolemia, and a family
history of CVD [21]. Sun et al. [22] suggested that MB
promotes proximal atherosclerosis, without increasing
the risk of CVD.
Many previous studies that examined the CV risk of

MBs had mixed populations with and without CV risk
factors [2, 12–18, 23]. Akishima-Fukasawa et al. [21]
stratified patients based on the presence of at least one
CV risk factor vs. none, without exploring the associa-
tions of specific risk factors. By univariable analysis, Sun
et al. [22] showed that atherosclerosis proximal to the
MB is more prevalent in males, smokers, and patients
with dyslipidemia, hypertension, or diabetes. Nakaura
et al. [4] showed that age, diabetes, and an MB in the
mid-LAD are independently associated with proximal
atherosclerosis.
Hence, the association of the MB with CV risk and the

possible CV risk factors remains unclear. Therefore, the
aim of the present study was to examine the clinical

characteristics and related factors of coronary stenosis
proximal to an MB. This study assessed risk factors that
could predict a poorer prognosis in patients with an MB,
identifying individuals that should be more closely
followed and treated.

Methods
Study design and patients
This was a retrospective study of patients with symp-
toms of coronary atherosclerotic heart disease such as
chest tightness, palpitation, discomfort of the anterior
chest, and retrosternal pain, who were admitted between
October 2011 and December 2014 to the Emergency
and Cardiology Department of Bayannur Hospital and
underwent selective coronary angiography (SCAG). This
study was approved by the Ethics Committee of Bayan-
nur Hospital. Informed consent was waived because of
the retrospective nature of this study.
Inclusion criteria were: 1) SCAG at Bayannur Hospital;

and 2) confirmed MB irrespective of the heart status
(acute MI [AMI], angina pectoris, or not). Individuals
with incomplete datasets were excluded.

Diagnostic criteria
The diagnosis of MB was performed by SCAG [24–26].
The whole cardiac cycle was observed for each coronary
segment. A coronary segmental stenosis (> 50%) that oc-
curred only during the systole and recovered during the
diastole suggested the presence of an MB. The presence
of the “half-moon” phenomenon, i.e., half-moon appear-
ance in bridged segments persisting throughout the car-
diac cycle but not found in the proximal and distal
segments, is highly specific to the MB. In case of SCAG
revealing a segment of the coronary artery with stenosis
≥30% during the systole in at least two projection angles,
with recovery during the diastole, representing a “milk-
ing effect”, an MB with mural coronary artery (MB-
MCA) was diagnosed.
Patients presenting with AMI and an MB revealed by

SCAG at admission were diagnosed with MB compli-
cated with AMI. The diagnostic criteria for AMI referred
to the Guidelines for Management of Acute Myocardial
Infarction by the Chinese Society of Cardiology of Chin-
ese Medical Association in 2001 (two of the following
three criteria must be met: a) clinical medical history of
ischemic chest pain; b) electrocardiogram [ECG] show-
ing dynamic changes; and c) dynamic changes in the
concentrations of serum cardiac markers for myocardial
necrosis). Patients with typical symptoms of angina pec-
toris on admission and coronary angiography showing
coronary stenosis > 50% with MB were diagnosed with
MB complicated with angina pectoris. Patients with cor-
onary angiography after admission showing no
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significant coronary stenosis, and only MB were diag-
nosed with simple MB.

Coronary angiography
After admission, 12-lead ECG, echocardiography, chest X-
ray, complete blood count (CBC), urine routine test, blood
glucose and lipid level assessment, liver and renal function
tests, myocardial enzyme evaluation, coagulation function
test, and blood culture were routinely performed to rule
out contraindications for coronary angiography, including
liver and/or renal dysfunction, bleeding and infection. In
addition, the patients were asked for possible allergies to
lidocaine and/or contrast media.
An INNOVA3100 digital subtraction angiography sys-

tem (GE Healthcare, Waukesha, WI, USA) was used. All
patients underwent coronary angiography through the
radial or femoral artery. After successful puncture, 5000
IU of heparin was injected through the sheath if using
the radial way; in case of femoral way use, 2000 IU of
heparin was injected. Left and right coronary angiog-
raphy and multi-axial imaging were performed by the
Judkin method.
Angiography data were assessed by two senior physi-

cians. Coronary stenosis was evaluated by the conven-
tional method, based on visual lumen diameter. The
stenosis degree was calculated as (length of the normal
vascular diameter in the proximal stenosis segment - the
stenosis region) /length of normal vascular diameter in
the proximal stenosis segment × 100%. Stenosis degree
≤50% indicated no or mild stenosis; stenosis of 51–75%
was moderate, and 76–100% was severe stenosis or oc-
clusion. Stent implantation was performed for patients
with severe stenosis.

Grouping
Based on SCAG results, all patients were assigned to the
non-stenosis and stenosis groups according to whether
there was a coronary stenosis proximal to the MB.

Observation parameters
Patient baseline data were obtained from medical charts,
including age, sex, history of smoking, hypertension, and
diabetes. The diagnostic criteria for hypertension were
based on the Guideline for the Prevention, Detection,
Evaluation, and Management of High Blood Pressure in
Adults [27]: systolic pressure ≥ 130 and/or diastolic pres-
sure ≥ 80 mmHg, or current use of antihypertensive
drugs. The diagnostic criteria for diabetes were [28]: typ-
ical symptoms (polydipsia, polyuria, and unexplained
weight loss), and random plasma glucose ≥11.1 mmol/L
and/or fasting (at least 8 h) plasma glucose ≥7.0 mmol/L;
2-h plasma glucose in the oral glucose tolerance test,
and two consecutive fasting plasma glucose and/or ran-
dom (postprandial) plasma glucose ≥11.1 mmol/L in

patients without typical symptoms; or diabetic patients
taking hypoglycemic drugs or insulin injections.
Factors possibly related to proximal coronary stenosis

were recorded, including blood lipid indexes such as tri-
glycerides (TG), cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and very-low-density lipoprotein
cholesterol (VLDL-C); coronary angiography data (diag-
nosis and location of the MB); and stent implantation
status after SCAG.

Statistical analysis
SPSS 22.0 (IBM, Armonk, NY, USA) was used for statis-
tical analysis. Continuous data with normal distribution
(based on the Kolmogorov-Smirnov test) were presented
as mean ± standard deviation (SD), and those not con-
forming to normal distribution as median and interquar-
tile ranges. Categorical data were presented as frequency
(percentage). Continuous data were analyzed by independ-
ent samples t-test (normal distribution) or the Mann-
Whitney U test (skewed distribution); categorical data
were analyzed by the chi-square test. Multivariable ana-
lysis was performed by binary logistic regression with cor-
onary stenosis proximal to the MB or not as the
dependent variable. Variables with P < 0.05 in univariable
analyses were included as independent variables in multi-
variate analysis. The results were presented as odds ratios
(ORs) and 95% confidence intervals (CIs). Two-sided P-
values < 0.05 were considered statistically significant.

Results
Characteristics of the patients
During the study period, 2203 patients underwent
SCAG, and 244 with confirmed MB were included in
this analysis. Their characteristics are shown in Table 1.
Among the 244 patients with an MB and cardiovascular
symptoms, 91 (37.3%) had stenosis proximal to the MB.
Compared with the non-stenosis group, there were more
males (80.2% vs. 55.6%, P < 0.001) and smokers (includ-
ing those who had quit smoking) (P < 0.001) in the sten-
osis group. There were no significant differences in age,
hypertension, and diabetes between the two groups.
Table 2 presents the clinical characteristics of the pa-

tients. There were no significant differences in blood
lipid-related indexes (TG, TC, HDL-C, LDL-C, and
VLDL-C) between the two groups. Patients in the sten-
osis group were complicated with angina pectoris
(63.7%) or AMI (36.3%), and these frequencies were sig-
nificantly higher than those of the non-stenosis group
(43.1% with angina pectoris and 11.1% with AMI) (both
P < 0.001). An MB in the middle segment of the LAD
was predominant in both groups but much more in the
non-stenosis group compared with the stenosis group
(89.5% vs. 59.3%; P < 0.001). The proportion of patients
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who underwent stent implantation after angiography was
higher in the stenosis group (33.0% vs. 9.2%, P < 0.001).

Multivariable analysis
Multivariate analysis was performed on whether there
was a coronary stenosis proximal to the MB, as shown
in Table 3 and Fig. 1. Multivariable analysis suggested
that MB location in the middle distal or distal segment
of the left anterior descending artery (LAD) increased
the odds of coronary stenosis proximal to the MB (OR =
0.439, 95% CI: 1.57–7.532, P = 0.002), which was then
considered an independent factor associated with coron-
ary stenosis proximal to the MB. No other factors were
associated with coronary stenosis proximal to the MB.

Discussion
The association of MB with cardiovascular risk and the
possible cardiovascular risk factors remain unclear [2, 3,
12–18]. Therefore, this study aimed to examine the

clinical characteristics and related factors of coronary
stenosis proximal to an MB. The results suggested that
in patients diagnosed with an MB by SCAG, only MB lo-
cation in the middle distal or distal segment of the LAD
was independently associated with coronary stenosis
proximal to the MB.
In the present study, the frequency of stenosis proximal

to the MB among patients with CV symptoms was 37%.
In a report by Akishima-Fukasawa et al. [21], among 93
autopsied hearts with MB, 34 (36.6%) showed a stenosis
peak around 2.5 cm proximal to the MB, supporting the
present findings. In a study by Sun et al. [22], 34.4 and
58.3% of grade I and II-III stenosis cases were proximal to
the MB, respectively. In Nakaura et al. [4], 45.7% of the
patients who underwent cardiac MDCT for chest symp-
toms had stenosis proximal to the MB. Ishikawa et al. [23]
showed that in patients with MB and AMI, the highest
intima-media ratio was observed proximally to the MB.
However, CV status was not associated with proximal

Table 2 Differences in clinical data between the two groups

Characteristics All (n = 244) Non-stenosis group (n = 153) Stenosis group (n = 91) P

Triglycerides, mmol/L, median (IQR) 1.65 (1.19,2.55) 1.52 (1.16,2.43) 1.705 (1.285,2.805) 0.146

Cholesterol, mmol/L, median (IQR) 4.51 (3.75,5.27) 4.45 (3.71,5.15) 4.55 (3.79,5.44) 0.523

High-density lipoprotein, mmol/L, median (IQR) 0.93 (0.81,1.11) 0.92 (0.81,1.14) 0.94 (0.805,1.105) 0.919

Low-density lipoprotein, mmol/L, median (IQR) 2.58 (2.1,3.27) 2.54 (2.1,3.15) 2.6 (2.115,3.59) 0.198

Very low-density lipoprotein, mmol/L, median (IQR) 0.32 (0.24,0.49) 0.3 (0.23,0.49) 0.34 (0.26,0.52) 0.250

Coronary angiography

Diagnosis, n (%) < 0.001

Complicated with angina pectoris 124 (50.8) 66 (43.1) 58 (63.7)

Complicated with AMI 50 (20.5) 17 (11.1) 33 (36.3)

Simple myocardial bridge 70 (28.7) 70 (45.8) 0

Location of the myocardial bridge, n (%) < 0.001

Proximal + middle proximal segment of LAD 7 (2.9) 2 (1.3) 5 (5.5)

Middle segment of LAD 191 (78.3) 137 (89.5) 54 (59.3)

Middle distal + distal segment of the LAD 46 (18.9) 14 (9.2) 32 (35.2)

Stent implantation after angiography, n (%) 44 (18.0) 14 (9.2) 30 (33.0) < 0.001

IQR Interquartile range, AMI Acute myocardial infarction, LAD Left anterior descending coronary artery

Table 1 Characteristics of the patients

Characteristics All (n = 244) Non-stenosis group (n = 153) Stenosis group (n = 91) P

Age, years, mean ± SD 55.7 ± 9.5 55.2 ± 9.7 56.6 ± 9.1 0.264

Sex, male, n (%) 158 (64.8) 85 (55.6) 73 (80.2) < 0.001

Smoking, n (%) < 0.001

No 129 (52.9) 97 (63.4) 32 (35.2)

Current 90 (36.9) 45 (29.4) 45 (49.5)

Quit 25 (10.3) 11 (7.2) 14 (15.4)

Hypertension, n (%) 92 (37.7) 60 (39.2) 32 (35.2) 0.528

Diabetes, n (%) 15 (6.2) 10 (6.5) 5 (5.5) 0.743
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stenosis in the present study. Therefore, the prevalence of
stenosis proximal to the MB in symptomatic patients is
high.
As shown above, among classical CV risk factors, only

male sex and smoking were associated with stenosis
proximal to the MB, while the remaining classical risk
factors (age, hypertension, diabetes, and dyslipidemia)
showed no associations. Akishima-Fukasawa et al. [21]
based their association analysis on the presence of at
least one CV risk factor, without distinction among
them. On the other hand, Nakaura et al. [4] showed that
age and diabetes are independently associated with sten-
osis proximal to the MB. In a study by Hong et al. [29],
age, male sex, diabetes, hypertension, bifurcated vascular
lesion, smoking, and hyperlipidemia were found to be
associated with proximally located stenosis. Discrepan-
cies among studies might be due to different patient
populations and imaging methods.

The present study revealed that the only factor associ-
ated with stenosis proximal to the MB was an MB lo-
cated in the mid-distal or distal LAD, as previously
suggested by Nakaura et al. [4]. Since the likelihood of
stenosis occurring proximally to the MB is higher than
distally [2, 4, 12–14, 19, 20], an MB localized farther
along the LAD is too far from the proximal LAD for
stenosis development because of hemodynamics change
proximally to the MB [2, 12, 13]. Pathological findings
indicated that the artery segment proximal to the BM is
submitted to hemodynamics that induce pathological
changes predisposing the artery to atherosclerosis [2,
30]. Increased shear stress could modulate the expres-
sion of genes involved in early atherosclerosis [8, 31, 32].
The present study had some limitations. First, analyses

were performed using retrospective data from a single
center, with a small sample size. In addition, only pa-
tients with CV symptoms were included, and it is

Table 3 Multivariable analysis of coronary stenosis proximal to myocardial bridge

Univariable analysis Multivariable analysis

OR 95% CI P OR 95% CI P

Age 1.016 (0.988, 1.044) 0.264

Sex

Male Reference Reference

Female 0.308 (0.168, 0.565) < 0.001 0.749 (0.298, 1.880) 0.538

Smoking history

No Reference Reference

Current 3.031 (1.706, 5.386) < 0.001 1.873 (0.776, 4.522) 0.163

Quit 3.858 (1.592, 9.348) 0.003 1.964 (0.626, 6.159) 0.247

Hypertension 0.841 (0.490, 1.441) 0.528

Diabetes 0.831 (0.275, 2.514) 0.744

Triglycerides 1.194 (0.960, 1.485) 0.110

Cholesterol 1.14 (0.885, 1.468) 0.311

High-density lipoprotein 0.799 (0.290, 2.202) 0.664

Low-density lipoprotein 1.37 (0.962, 1.951) 0.081

Very low-density lipoprotein 2.021 (0.678, 6.025) 0.207

Coronary angiography: location of myocardial bridge

Proximal + middle proximal segment of LAD 6.343 (1.194, 33.686) 0.030 5.916 (0.625, 56.027) 0.121

Middle segment of LAD Reference Reference

Middle distal + distal segment of the LAD 5.799 (2.872, 11.708) < 0.001 3.439 (1.570, 7.532) 0.002

OR Odds ratios, CI Confidence interval, LAD Left anterior descending coronary artery

Fig. 1 Multivariable analysis of coronary stenosis proximal to myocardial bridge. OR, odds ratios; CI, confidence interval
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unknown whether the obtained results could apply to
asymptomatic individuals. Furthermore, this study was
not designed to examine the risk of developing CV
symptoms or AMI; longitudinal studies are required to
address this question. This is of high importance since a
number of studies have reported that the presence of an
MB is associated with increased CV risk [2, 12, 13] or
not [3, 14–18]. Large prospective and multicenter ran-
domized clinical trials are needed to provide high-level
evidence.

Conclusions
In conclusion, among patients with MB and CV symp-
toms, 37.3% had stenosis proximal to the MB. In individ-
uals diagnosed with an MB by SCAG, only MB location
in the middle distal or distal segment of the LAD is in-
dependently associated with coronary stenosis proximal
to the MB. Therefore, patients with middle distal or dis-
tal LAD MB could be at elevated risk of stenosis prox-
imal to the MB and could require closer follow-up and
management.
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