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ABSTRACT
Objective: The purpose of this study was to determine the prevalence of coronary angiographically evident atherosclerotic stenosis associated 
with myocardial bridging (MB) and to explore related risk factors of coronary artery stenosis located proximally to MB. 
Methods: Overall, 603 patients with MB-mural coronary arteries (MB-MCAs) diagnosed by angiography initially were enrolled in this observa-
tional study during May 2004 to May 2009. One-way ANOVA, t-test, Pearson correlation test and stepwise multiple regression analysis were 
performed to explore related risk factors.
Results: Totally 644 MB-MCAs were examined. Prevalence of lesions located distally to MBs was significantly lower than those proximally to 
MBs [36 (5.9%) vs. 382 (62.4%), p<0.001]. Diastolic vessel diameters in MB segments were significantly smaller than reference segments 
p<0.001. Ulcer-like lesion was found in MB-MCA in 1 patient. Multivariate analysis suggested that vascular bifurcation lesions, the degree of 
narrowing and the number of diseased coronary vessels of non-MB-MCA arteries, age, low-density lipoprotein cholesterol (LDL-C)/high den-
sity lipoprotein cholesterol (HDL-C), male, course of diabetes, and systolic narrow rate (SNR) of MB-MCAs were positively related with the 
narrow degree of the first coronary artery stenosis (FCAS) located proximally to MBs (all p<0.05). Vascular bifurcation lesions, the degree of 
narrowing and the number of diseased coronary vessels of non-MB-MCA arteries, age, LDL-C/HDL-C, male, diabetes and dyslipidemia were 
positively related with the narrow degree of the most severe coronary artery stenosis(MSCAS) located proximally to MB (all p<0.05). 
Conclusion: The intramural and distal portions of a bridged artery are not the forbidden zone of artery atherosclerosis formation. SNR of 
MB-MCA may be one of the important decision factors to coronary artery stenosis located proximally to MB. 
(Anadolu Kardiyol Derg 2014; 14: 40-7)
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Introduction

Myocardial bridging (MB) is a congenital coronary abnor-
mality where a segment of an epicardial coronary artery or its 
major branch, which is defined as mural coronary artery (MCA), 
descends into the myocardium for a variable distance.

MB was initially recognized at autopsy by Reyman in 1737 
and the radiological appearance of systolic narrowing was first 
described angiographically by Portmann and Iwig in 1960 (1, 2). 
Traditionally, MB is considered as a benign condition. However, 
MB has been known as one of myocardial ischemia causes 

(3-13). The following complications have been reported as acute 
coronary syndrome (4-8), cardiac arrhythmia (9, 10), stunning 
and sudden death (11, 13). It widely accepts that the intramural 
and distal portions of a bridged artery usually remain free from 
atherosclerotic disease, which may be explained by protective 
effects of MB and atherosclerosis may be more frequent in seg-
ments proximal to the bridging (14-20). These changes in athero-
sclerotic distribution have been recognized in autopsy, patholo-
gy and clinical imaging studies (14-20). 

However, whether MB or systolic narrow rate (SNR) of 
MB-MCA is one of independent risk factors of coronary athero-



sclerosis formation proximal to the bridging is still a controver-
sial issue (14, 17, 21, 22). The larger sample study about related 
risk factors of coronary artery stenosis located proximally to 
myocardial bridging has not been approached so far. Hence, 
further related investigation is necessary. 

The purpose of this study was to determine the prevalence of 
coronary angiographically evident atherosclerotic stenosis asso-
ciated with myocardial bridging (MB) and to explore related risk 
factors of coronary artery stenosis located proximally to MB. 

Methods 

Study design
This was a retrospective observational study.

Study population 
The data collection protocol was approved by the Ethics 

Committee of our hospital. Continuous 603 patients with 
MB-MCAs diagnosed by angiography initially were enrolled in 
our hospital from May 2004 to May 2009. This population con-
sists of 14.1% of the patients who underwent coronary angiogra-
phy of our institution in the same period. Angiographic and clinic 
data were collected according to uniform protocol. The informa-
tion of patients’ demographic and clinical examination was 
obtained by using standard questionnaires. 

Research indicators
Atherosclerosis risk factors [age, male, hypertension, dyslip-

idemia, diabetes mellitus, smoke, related family history, admis-
sion blood lipids, body mass index (BMI) and so on] and coro-
nary arteriography results [diastolic vessel diameter (DVD) of 
MCA, adjacent lumen diameter (LD), SNR of MCA, the most 
severe narrow rate and the numbers of diseased coronary ves-
sels (diameter ≥2 mm) of non-MB-MCA arteries, the narrow 
degrees of the first coronary artery stenosis (FCAS) and the 
most severe coronary artery stenosis (MSCAS) located proxi-
mally to MB, and these lesions whether located in vascular 
bifurcation, the length of MCA and so on] were included.

The FCAS located proximally to MB was defined as the ste-
nosis of nearest artery segment proximal to MB. The MSCAS 
located proximally to MB was defined as the most severe 
degree of narrowing of several lesions proximal to MB.

Smoking index was calculated as [course of smoking x 
(Smoking count per day)]. Hypertension grading diagnosis fol-
lowing the Chinese related guideline (23), which includes normal 
or high normal, grade 1, grade 2 and grade 3. Dyslipidemia was 
defined in light of the Chinese guideline on prevention and treat-
ment of adult dyslipidemia (24). Diabetes mellitus was defined in 
light of the standard from the Chinese Diabetes Association 
(CDA), the same standard as the American Diabetes Association 
(ADA) (25). The definition of related family history in light of 
related references (23, 24). BMI was defined as body weight 
(kg)/height (m2). Diseased coronary vessels were defined as the 
coronary arteries included any fixed narrowing of the LD, which 

could be detected by coronary arteriography. The numbers of 
diseased coronary vessels (diameter ≥2 mm) of non-MB-MCA 
arteries were calculated in those narrow rates which were 
more than or equal to 50%.

Coronary angiography 
Coronary angiographies were performed via radial arteries 

(in 597 patients) or femoral arteries (in 6 patients) using standard 
Judkins’ technique in standard projections. 200 μg nitroglycerin 
and 3 mg diltiazem were used for preventing vasospasm via 
artery sheath catheter before operation in transradial artery 
angiographies. Our radiographic equipment was the GE Medical 
Systems (Advantx Lcv+, GE, France).

Every coronary artery segment was carefully observed in the 
whole cardiac cycle. The presence of MB at angiography was 
defined as no less than 30% reduction in the diameter of the 
coronary artery at systole, which returns to complete or partial 
recovery at diastole, in two different projections at least. A vali-
dated quantitative coronary angiographic system (GE Medical 
System, France) using guiding catheters was used to measure 
of within-MCA diameter, reference LDs of coronary artery 
proximal and distal to MB, length of MCA and so on. The dia-
stolic reduction of within-MCA diameter was estimated after a 
detailed frame-by-frame study of the diagnostic coronary angio-
gram. Angiographically determined percent narrowing of the 
MB-MCA was calculated as [(end-diastolic diameter-end-sys-
tolic diameter)/end-diastolic diameter] ×100. The narrowing 
degrees of diseased coronary vessels were calculated as [(ref-
erence LD - narrowing luminal diameter)/reference LD] ×100. All 
angiography data were assessed in the fashion of average by 
two senior cardiologists.

Statistical analyses
Statistical analyses were performed using SPSS version 18.0 

for Windows (SPSS Inc, Chicago, IL, USA). Quantitative data and 
qualitative data are expressed as mean±standard deviation (SD) 
and percentage value, respectively. Adequacy of continuous 
variables to normal distribution was tested using Kolmogorov-
Smirnov test. DVDs of MCAs were compared with adjacent LDs 
by paired-samples t-test. Chi-square test was used to determine 
relationships between non-continuous variables. Univariate 
analysis was used to reveal the relationship between all possi-
ble factors and the narrow degree of the FCAS or MSCAS 
located proximally to MB. Quantitative data in approximately 
normal distribution were compared between two groups with 
independent-samples t test. Quantitative data in approximately 
normal distribution in graded multiple groups were compared 
using one-way ANOVA. Pearson correlation test was used to 
assess correlation between two continuous variables. For 
reducing the mistaken deletion of significant variables and mini-
mizing the probability of making error type 2, all independent 
variables with p<0.15 in univariate analysis were admitted into 
stepwise multiple regression analysis. The dependent variable 
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was the narrow degree of the FCAS or MSCAS located proxi-
mally to MB in multivariate analysis. Condition index was calcu-
lated in stepwise multiple regression analysis. If condition index 
was less than 30, independent variables in the regression equa-
tion could be considered as having little possibility of collinear-
ity. A p value <0.05 was considered statistical significant.

Results

Patient characteristics and angiographic results
Clinical and laboratory patient characteristics are illustrated 

in Table 1.
General angiographic results of patients are presented in 

Table 2. Totally 644 MB-MCAs in 603 patients were examined. 
These MB-MCAs were spread in 612 coronary arteries. The 
most frequently involved segment in this study population was 
the middle of left anterior descending artery (LAD). Varying nar-
row degrees of diseased coronary vessels (diameter ≥2 mm) of 
non-MB-MCA arteries existed in 423 patients (70.1%). Diseased 
coronary vessels, narrowing rates of which were more than 
50%, existed in 224 patients (37.1%). The average maximum nar-
row degree of diseased coronary vessels of non-MB-MCA 
arteries was 53.7±29.9%.

DVDs in MB segments were significantly smaller than in 
proximal reference segments (p<0.001) and in distal reference 
segments adjacent MB-MCAs (p=0.001). The MCAs diastolic 
narrow rates ≥30% of were found in 8 patients and ulcer-like 
lesion was found in MCA in 1 patient (Fig.1).

Overall, 48.7% (186 lesions) of the FCAS and 52.6% (201 lesions) 
of the MSCAS were located in vascular bifurcation. Prevalence of 
lesions located distally to MB were significantly lower than those 
proximally to MB [36 (5.9%) vs. 382 (62.4%) ; p<0.001]. 

Correlation analysis results 
Univariate analysis results are presented in Tables 3 and 4. 

All independent variables with p<0.15 in univariate analysis are 
demonstrated. 

These patients with the characteristics, such as male, former 
smoking, dyslipidemia history, diabetes history, higher hyperten-
sion grading or vascular bifurcation lesions, had more severe 
narrowing degree of the FCAS located proximally to MB(all 
p<0.05). 

There was a significant relation between the narrowing 
degree of the FCAS located proximally to MB and age (r=0.316, 
p<0.001), smoking index (r=0.157, p<0.001), course of diabetes 
(r=0.156, p<0.001), course of hypertension (r=0.114, p=0.008), 
HDL-C (r=-0.193, p<0.001), LDL-C (r=0.089, p=0.029), LDL-C/HDL-C 
(r=0.232, p<0.001) , SNR of MB-MCAs (r=0.117, p=0.006), the most 
severe narrow rate of diseased coronary vessels of non-MB-
MCA arteries (r=0.534, p<0.001) ,the numbers of diseased coro-
nary vessels of non-MB-MCA arteries (r=0.474, p<0.001). There 
was a significant relation between the narrowing degree of the 
MSCAS located proximally to MB and age (r=0.335, p<0.001), 

smoking index (r=0.163, p<0.001), course of diabetes (r=0.150, 
p<0.001), course of hypertension (r=0.127, p=0.002), HDL-C (r=-
0.206, p<0.001), LDL-C/HDL-C (r=0.212, p<0.001), SNR of 
MB-MCAs (r=0.114, p=0.007), the most severe narrow rate of 
diseased coronary vessels of non-MB-MCA arteries (r=0.577, 
p<0.001), the numbers of diseased coronary vessels of non-MB-
MCA arteries (r=0.520, p<0.001).

Multiple regression analysis results
Multivariate analysis results are showed in Table 5. All inde-

pendent variables with p<0.05 in the final stepwise multiple 
regression equation are demonstrated.

In ultimate equation of the stepwise multiple regression 
analysis, vascular bifurcation lesions, the degree of narrowing 
and the numbers of diseased coronary vessels of non-MB-MCA 
arteries, age, LDL-C/HDL-C, male, course of diabetes, and SNR of 
MB-MCAs independently associated with the narrowing degree 
of the FCAS located proximally to MB (all p<0.05). Vascular bifur-
cation lesions, the degree of narrowing and the numbers of dis-
eased coronary vessels of non-MB-MCA arteries, age, LDL-C/
HDL-C, male, diabetes history, and dyslipidemia history indepen-
dently associated with the narrowing degree of the MSCAS 
located proximally to MB (all p<0.05).

Variables n=603

Age, years 57.1±10.9

Gender, male, n (%) 379 (63.1)

BMI, kg/m2 25.4±3.3

The patients with typical angina, n (%) 247 (40.1)

TC, mmol/L 4.5±1.0

LDL-C, mmol/L 2.4±0.6

HDL-C, mmol/L 1.2±0.3

TG, mmol/L 1.9±1.6

Former smokers, n (%) 275 (45.6)

Current smokers, n (%) 214 (35.5)

Long-term drinkers, n (%) 68 (11.3)

Dyslipidemia, n (%) 223 (37.0)

History of hypertension, n (%) 314 (52.1)

History of diabetes mellitus, n (%) 119 (19.7)

Old myocardial infarction, n (%) 12 (2.0)

Family history of coronary heart disease, n (%) 56 (9.3)

Family history of hypertension, n (%) 87 (14.4)

Family history of diabetes mellitus, n (%) 19 (3.2)
Data are presented as mean±SD and as numbers (percentage)
BMI - body mass index; HDL-C - high density lipoprotein cholesterol; LDL-C - low-den-
sity lipoprotein cholesterol; TC - serum total cholesterol; TG - triglyceride 

Table 1. Baseline characteristics of study population
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Discussion

Our study results indicated that artery atherosclerosis could 
form in the intramural and distal portions of a bridged artery. SNR 
of MB-MCA was found to be independently associated with the 
narrowing degree of the FCAS located proximally to MB.

The angiographic prevalence of MB has previously been 
reported with a frequency of between 0.5% and 33% (14, 15, 26). 
In present study, the incidence was shown as 14.1%, which was 
similar to the prevalence of 16.1% in a large Chinese cohort 
undergoing coronary angiography (26). A variety of factors, such 
as the length and thickness of MB, anatomic relationship of MB 
and MCA, percentage of connective tissue and fat tissue around 
MCA, the using of vessel dilator, the angle of view and the expe-
rience of the viewers, may contribute to the discrepancy of the 
prevalence of MB from study to study (14, 27-29). In this study, 
we paid much attention to detect MB-MCAs while performing 
angiography. Before entering into catheter room, 84.2% patients 
had utilized nitrates: 200 μg nitroglycerine had been used via 
artery sheath catheter for up to 99% patients to prevent vaso-
spasm before transradial artery angiography. All of these would 
contribute to achieve a higher MB-MCAs detection rate in pres-
ent study. However, selective intracoronary administration of 
vasodilating drugs was not used, which could assure compara-
bility of measurement of MB-MCAs SNRs on some level.

In present study, the most frequently involved MB segment 
was the middle LAD and the number of male with MB was higher, 
which were consistent with previous researches (14, 16, 19, 26). 
DVDs in MB segments were significantly smaller than in proximal 
reference segments, and even, smaller than in distal reference 
segments. This phenomenon is considered as resulting from the 
limit of MB to the diastolic dimensions of the external elastic 
membrane and lumen of MCA (29). The higher proportion of 
lesions located proximally and obvious lower proportion of 
lesions located distally to MB was found in present study, which 
were consistent with previous studies (14, 15, 19, 30). At present 
the exact mechanism of MCA and distal segment of the bridged 
artery usually free from atherosclerosis remains unclear. The 
mechanisms may include decreased blood flow and volume, 
increased endothelial shear stress and reduced bioavailability of 
nitric oxide and endothelin-1 (15, 31). Although the protective 
effect of MB exists, the diastolic narrow rates ≥30% of MCAs in 8 
patients, ulcer-like lesion in MCA in 1 patient and 36 lesions 
located distally to MBs were detected. These suggested that the 
protective effect of MB might be malfunction in a few of patients, 
the cause of which deserves further investigation.

For a long time, MB has been considered benign based on 
angiographic findings, and patients with MB in the LAD are given 
a good long-term prognosis (32). However, more and more 
researches suggested that MB might be one of causes of 
myocardial ischemia (3-13, 33). Two distinct mechanisms of MB 
causing myocardial ischemia have been reported so far (16). 
One is direct MB compression of MCA at cardiac systole, 

Distribution of diseased coronary vessels in n=603 
patients 
Patients with no stenosis, n (%) 134 (22.2)
Patients with less than 50% stenosis, n (%) 167 (27.7)
Patients with SVL, n (%) 131 (21.7)
Patients with DVL, n (%) 88 (14.6)
Patients with TVL, n (%) 71 (11.8)
Patients with LM and SVL, n (%) 1 (0.2)
Patients with LM and DVL, n (%) 3 (0.5)
Patients with LM and TVL, n (%) 8 (1.3)
       MB segment distribution in patients
Patients with single MB segment, n (%) 562 (93.2)
Patients with double MB segments in same  32 (5.3) 
coronary artery, n (%) 
Patients with double MB segments in different  9 (1.5) 
coronary arteries, n (%) 
Prevalence of MB according to segment  n=644 
involvement 
LAD system, n (%) 634 (98.4)
     LAD proximal 5 (0.8)
          Proximal-middle 17 (2.6)
          Middle 474 (73.6)
          Middle-distal 115 (17.9)
          Distal 16 (2.5)
     Diagonal branches 2 (0.3)
     Septal branch 5 (0.8)
LCX system, n (%) 6 (0.9)
     LCX proximal 3 (0.4)
          Distal 2 (0.3)
     Obtuse marginal branch 1 (0.2)
RCA system, n (%) 4 (0.6)
     LCX proximal 1 (0.2)
     Posterior branch of left ventricle 1 (0.2)
     Posterior descending branch 2 (0.3)
       Characteristics of MB-MCAs 
The average length of MB-MCAs, mm 16.03±9.62
The SNR of MB-MCAs, % 61.3±15.3
The LD of proximal reference segments adjacent  2.64±0.44 
MB-MCAs, mm 
The LD of distal reference segments, mm 2.32±0.41
The DVD of MB-MCAs, mm 2.29±0.39 
Angiographically evident atherosclerotic  Coronary arteries 
stenosis associated with myocardial bridging  (n=612) including  
 MB-MCAs
Lesions located proximally to MB, n (%) 382 (62.4)
The ANR of the FCAS located proximally to MB, % 42.2±23.6
The ANR of the MSCAS located proximally to MB, % 46.9±24.5
Lesions located distally to MB, n (%) 36 (5.9)
The ANR of lesions located distally to MB, % 43.6±19.2
Data are presented as mean±SD and as numbers (percentage)
ANR - average narrow rate; DVD - diastolic vessel diameter; DVL - double vessel lesion;  
FCAS - first coronary artery stenosis; LAD - left anterior descending artery; LCX - left circum-
flex coronary artery; LD - lumen diameter; LM - left main stem; MB - myocardial bridging; 
MB-MCAs - myocardial bridging-mural coronary arteries; MSCAS - most severe coronary 
artery stenosis; RCA - right coronary artery; SNR - systolic narrow rate; SVL - single vessel 
lesion; TVL - triple vessel lesion

Table 2. Angiographic results
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resulting in delayed arterial relaxation at diastole, reduced blood 
flow reserve, and thus leading to myocardial ischemia. The other 
is the stenosis of the coronary artery proximal to MB due to the 
enhancement of coronary atherosclerosis.

There was not enough data to support that MB or SNR of 
MB-MCA is an independent factor of atherosclerosis formation 
proximal to MB (14, 17, 21, 22). The autopsy study of Ishikawa et 
al. (17) suggested that anatomic properties of MB enhance the 
development of atherosclerosis in the LAD proximal to MB. 
However, Poullis et al. (21) disagreed the standpoint and claimed 
that MB is likely to be protective factor, and not as a risk factor 
as describing by Ishikawa et al. (17). The 64-slice computed 
tomography coronary angiography study of Bayrak et al. (22) 
suggested that there may be no relationship between MB and 
proximal atherosclerosis. At present, large sample study (>500 
cases) about whether SNR of MB-MCA is one of independent 
risk factors of coronary atherosclerosis formation proximal to 
the bridging is still empty. Previous related studies had 
shortcomings of design and small sample (29, 34). Multivariate 
analysis of common evaluation of the role of SNR of MB-MCA 
with traditional risk factors and related susceptible factors to 
coronary atherosclerosis was little reported.

The LAD segment proximal to MB is vulnerable to athero-
sclerosis. However most of MB-MCAs locate in middle LAD. In 
fact, the formation of stenosis located proximally to MB is influ-
enced by multiple factors and univariate analysis is different to 
confirm the true relationship of the SNR of MB-MCA locate in 
middle LAD and the narrowing degree of proximal LAD stenosis. 

 Variables  Stenosis  *P 
  degree (%) 

 Male

 Yes 31.6±29.3 <0.001

 No 19.5±22.7

 Former smoking

 Yes 30.5±28.9 0.001

 No 23.1±25.9

 Current smoking

 Yes 29.5±29.5 0.053

 No 24.8±26.3

 Dyslipidemia history

 Yes 31.7±28.2 <0.001

 No 23.4±26.8

 Diabetes history

Comparison of the Yes 36.0±29.2 <0.001
narrowing degree of No 24.1 ±26.7
the FCAS located

 Hypertension grading  proximally to MB
 normal or high normal 23.9±28.0 0.035

 grade 1  24.9±25.4

 grade 2  26.6±27.8

 grade 3 31.5±27.1

 Hypertension family  
 history 

 Yes 27.3±27.4 0.067

 No 21.5±28.1

 The lesions located in  
 vascular bifurcation

 Yes 43.2±24.4 <0.001

 No 19.1±25.6

 Male

 Yes 33.9±31.3 <0.001

 No 22.0±25.6

 Former smoking

 Yes 34.5±31.1 <0.001

 No 25.4±27.9

 Current smoking

Comparison of the Yes 33.3±31.9 0.025
narrowing degree of No 27.4±28.3
the MSCAS located

 Dyslipidemia historyproximally to MB
 Yes 35.5±30.4 <0.001

 No 26.0±28.9

 Diabetes history

 Yes 40.2±31.1 <0.001

 No 26.6 ±29.0

Table 3. Comparison of the narrowing degree of coronary artery steno-
sis located proximally to MB indifferent groups

 Hypertension grading  

 normal or high normal 25.7±29.9 0.01

 grade 1  28.2±27.6

 grade 2  31.7±31.5

 grade 3 34.5±29.0

 Hypertension  
 family history

 Yes 30.4±29.6 0.064

 No 24.0±30.4 

 Diabetes family  
 history

 Yes 29.9±30.0 0.078

 No 17.7±21.8

 The lesions located in  
 vascular bifurcation

 Yes 47.6±24.9 <0.001

 No 20.5 ±27.8 
Data are presented as mean±SD 
*independent-samples t test and one-way ANOVA test
FCAS - first coronary artery stenosis; MB - myocardial bridging; MB-MCAs - myocardial 
bridging-mural coronary arteries; MSCAS - most severe coronary artery stenosis

continued for left colum

continue upper of other colum
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Vascular bifurcation is predilection site of atherosclerosis as 
well. But common evaluation of the effect of SNR of MB-MCA 
and vascular bifurcation to coronary atherosclerosis was not 
reported in previous studies. In some cases, systolic narrowing 
degree of MB-MCA of LAD amounted to 90%, but the segment 
proximal to MB-MCA had no obvious lesion, by contrast, obvi-

ous stenosis located in the other arteries (Left circumflex or 
right coronary artery). This phenomenon could be found in angi-
ography. Therefore, evaluation of the role of stenosis of non-MB-
MCA arteries contributing to lesion located in the segment 
proximal to MB is helpful to reveal the effect of patients’ own 
atherosclerosis susceptibility. Finally, vascular bifurcation 
lesions, the degree of narrowing and the numbers of diseased 
coronary vessels of non-MB-MCA arteries, age, LDL-C/HDL-C, 
male, course of diabetes, and SNR of MB-MCAs were positively 
related with the narrowing degree of the FCAS located proxi-
mally to MB (all p<0.05). Although statistical significance was 
found in SNR of MB-MCA, the standardized coefficients was 
minimum in these variables. It probably meant that SNR of 
MB-MCA was one of independent factors of atherosclerosis 
formation proximal to MB, but with a small effect as comparing 
to other factors in ultimate equation.

The investigation of Duygu et al. (30) suggested that older 
age, multiple risk factors and more importantly the ratio of sys-
tolic compression of MB-MCA might be related to atherosclero-
sis. The autopsy study of Ishikawa et al. (17) suggested that 
patients with myocardial infarction had an increased muscle 
thickness and muscle bridge index (multiplication of MB thick-
ness by MB length) compared than patients without myocardial 
infarction with MBs. In present clinical study, correlation of the 
ratio of systolic compression of MB-MCA and the FCAS located 
proximally to MB was proved in multivariate analysis mode. But 
the reason of that remains unclear (15). Endothelial injury of the 
segment proximal to MB can be caused by localized arterial 
hypertension and turbulent or even retrograde blood flow up 
toward the coronary ostium at cardiac systole (16, 19). The inti-
ma of the segment proximal to MB is subject to lower shear 
stress, which may contribute to the increase of vasoactive sub-
stances, such as endothelial nitric oxide synthase, endothelin-1, 
and angiotensin-converting enzyme, and further formation of 
atherosclerotic plaques (14, 16, 19). Pathological studies have 
revealed that the shape of the endothelial cells are flat and 
polygonal with defected surface likely to be exfoliated in the 
segment proximal to MB and the segment is susceptible to ath-
erosclerosis (16, 19). Thickness of MB is obviously related with 
compression degree of MCA (16, 19, 20) and longer bridges is 
associated with more severe systolic compression (29), too. So, 
higher systolic compression of MB-MCA might induce more 
endothelial injury and severe atherosclerosis in the segment 
proximal to MB. But the length of MCA may not be always equal 
to that of MB (35). The relation between the length of MCA and 
the coronary artery stenosis located proximally to MB had not 
been demonstrated in present study. In addition, correlation of 
the SNR of MB-MCA and the most severe coronary artery ste-
nosis located proximally to MB was not found in multivariate 
analysis mode, which might mean the other some factors, rather 
than SNR of MB-MCA, play a greater role in atherosclerosis 
formation proximal to MB.

 Variables *r *P

 Age 0.316 <0.001

  Smoking index 0.157 <0.001

  Course of diabetes 0.156 <0.001

  Course of hypertension 0.114 0.008

 HDL-C   -0.193 <0.001

 LDL-C  0.089 0.029

Correlation between
 LDL-C/HDL-C 0.232 <0.001

related variables and SNR of MB-MCAs 0.117 0.006

the narrowing degree LD of proximal reference  -0.073 0.099
of the FCAS located segments adjacent 
proximally to MB MB-MCAs 

 The most severe narrow  0.534 <0.001
 rate of diseased coronary 
 vessels of non-MB-MCA 
 arteries 

 The numbers of diseased  0.474 <0.001
 coronary vessels of 
 non-MB-MCA arteries 

 Age 0.335 <0.001

 Smoking index 0.163 <0.001

  Course of diabetes 0.150 <0.001

  Course of hypertension 0.127 0.002

 HDL-C  -0.206 <0.001

 LDL-C  0.062 0.105

Correlation between LDL-C/HDL-C 0.212 <0.001
related variables and SNR of MB-MCAs 0.114 0.007
the narrowing degree

 LD of proximal reference  -0.087 0.074of the MSCAS located
 segments adjacent proximally to MB

 MB-MCAs

 The most severe narrow  0.577 <0.001
 rate of diseased coronary 
 vessels of non-MB-MCA 
 arteries 

 The numbers of diseased  0.520 <0.001
 coronary vessels of 
 non-MB-MCA arteries 
*Pearson correlation tests
FCAS - first coronary artery stenosis; HDL-C - high density lipoprotein cholesterol; MB - myo-
cardial bridging; MB-MCAs - myocardial bridging-mural coronary arteries; MSCAS - most 
severe coronary artery stenosis; LDL-C - low-density lipoprotein cholesterol; LD - lumen diam-
eter; SNR - systolic narrow rate

Table 4. Correlation of the degree of coronary artery stenosis located 
proximally to MB with clinical variables
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We considered that the narrowing degree of coronary artery 
stenosis located proximally to MB and SNR of MB-MCA were 
continuous variables, for reserving their information at the 
extreme, grouping or grading method was not adopted and so 

multivariate logistic regression analysis was also not used. For 
preventing collinearity problem of independent variables, we 
examined condition index.

Study limitations 
Coronary artery angiography may underestimate the occurrence 

and narrowing degree of coronary artery atherosclerosis located 
proximally to MB. When positive remodeling occurs, coronary artery 
atherosclerosis stenosis could not be detected by angiography. 
However, routine intravascular ultrasound examinations in large 
sample of consecutive MB-MCA patients are difficult. At present, 
coronary artery angiography, as the extensive used method of 
coronary heart disease inspection, may be more important than 
intravascular study to seek out the “clinical significance” of 
angiographically evident atherosclerotic disease associated with 
MB (34). This study is actually a retrospective observational study, so 
cause-and-effect linkage between independent and dependent 
variable is only a kind of speculation. Nevertheless prospective 
cohort study method, routine examination for MB and coronary 
artery lesions in young people and follow-up are very difficult.

 Variables * Unstandardized  *Standardized *P
  Coefficients coefficient (β)
  (95% CI)

 Vascular bifurcation lesions 18.61 (14.94-22.27) 0.312 Pp<0.001

 The most severe narrow rate of 0.20 (0.1-0.31) 0.258 Pp<0.001
 diseased coronary vessels of
 non-MB-MCA arteries

 Age 0.36 (0.19-0.53) 0.144 Pp<0.001
+Related analysis with the  LDL-C/HDL-C  4.14 (1.88-6.40) 0.113 Pp<0.001
narrowing degree of the FCAS Male 5.39 (1.76-9.03) 0.095 p0.004
located proximally to MB

 Course of diabetes 0.76 (0.27-1.28) 0.087 p0.005

 SNR of MB-MCAs   0.12 (0.01-0.23) 0.067 p0.032

 The numbers of diseased coronary  4.89 (0.35-9.44) 0.135 p0.035
 vessels of non-MB-MCA arteries 

 The lesions located in vascular 18.97 (15.17-22.78) 0.301 p<0.001
 bifurcation 

 The most severe narrow rate of 0.20 (0.09-0.31) 0.237 p<0.001
 diseased coronary vessels of 
 non-MB-MCA arteries 
#Related analysis with the narrowing Age  0.47 (0.29-0.64) 0.171 p<0.001
degree of the MSCAS located LDL-C/HDL-C 2.96 (0.49-5. 43) 0.075 p0.019
proximally to MB

 Male 6.61 (2.84-10.39) 0.108 p0.001

 Diabetes history 5.88 (1.43-10.32) 0.079 p=p0.010

 The numbers of diseased coronary  6.77 (2.01-11.53) 0.173 p0.005
 vessels of non-MB-MCA arteries  

 Dyslipidemia history 3.93 (0.10-7.77) 0.064 p0.045

CI - confidence interval; FCAS - first coronary artery stenosis; HDL-C - high density lipoprotein cholesterol; LDL-C - low-density lipoprotein cholesterol; MB - myocardial bridging; 
MB-MCAs - myocardial bridging-mural coronary arteries; MSCAS - most severe coronary artery stenosis; SNR - systolic narrow rate
+Maximum condition index =23.6  #Maximum condition index =28.7

*stepwise multiple regression analysis

Table 5. Mutliple regression analysis results

Figure 1. Ulcer-like lesion (white arrow) was found in diastolic lumen, 
which was combined with diastolic narrow. Approximate 100% com-
pression (white arrow) of the LAD was found during cardiac systolic 
phase. 60% focal stenosis (black arrow) existed in the artery segment 
located distally to MB
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Conclusion

In summary, the intramural and distal portions of a bridged 
artery are not the forbidden zone of artery atherosclerosis for-
mation. SNR of MB-MCA may be one of the important decision 
factors to coronary artery stenosis located proximally to MB. 
Whereas some traditional coronary heart disease (CHD) risk 
factors and the patient’s own susceptibility of CHD are likely to 
play more important roles. 
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