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Myocardial bridge: a bridge to atherosclerosis

Miyokardiyal kopriileme: Ateroskleroza koprii
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ABSTRACT

Objective: Myocardial bridge (MB) is a congenital anomaly characterized by narrowing during systole of some of the epicardial coronary arte-
rial segments running in the myocardium. Although, it is considered as a benign anomaly, it may lead to such complications as acute myocar-
dial infarction, ventricular tachycardia, syncope, atrioventricular block and sudden cardiac death. In this study, we aimed to investigate demo-
graphic, clinical and angiographic characteristics of the patients with MB found on coronary angiography.

Methods: The present study included 71 patients with MB found on coronary angiographies performed in our institution between January 1999
and September 2003. Based on the findings on angiography, the patients were subdivided into group A (n=41) and grouE B (n=30). The patients
in the group A had no atherosclerotic lesion and the patients in the group B had coronary artery disease in addition to MB. Angiographic, demo-
graphic and clinical characteristics of both groups were compared.

Results: There were no differences between two groups in distribution of gender and risk factors of coronary artery disease whereas mean age
of the patients in the group A was lower (475 years vs 55+11 years, p=0.01). Frequency of two or more risk factors for coronary artery disease
in a particular patient was significantly higher in the group B (55% vs 30%, p=0.03). Myocardial bridge was located at proximal or mid segments
of left anterior descending artery (LAD) in 40 patients whereas its presence in both LAD and right coronary artery was found only in one patient
in group A. Mean bridging percent was 43+27% in group A. Localization of MB was LAD in 29 patients of group B. One patient with severe aor-
tic valve stenosis in this group had MB at first septal branch. Mean bridging percent was 70+25% in group B, which was significantly higher
than in group A (p<0.05). Atherosclerotic narrowing developed in only LAD in 14 patients, LAD and other vessels in 7 patients and in the vessels
without MB in 9 patients. In patients with MB in LAD atherosclerotic narrowing of vessel developed proximally to the MB. Clinically, stable angi-
na pectoris was seen more frequently in group A than group B (70% vs 35%, p=0.01), whereas the frequency of acute coronary syndrome was
higher in group B (65% vs 30%, p=0.04). In regard to therapeutic approach, more patients in the group A received medical management (80% vs
50%, p=0.01), while more patients in the group B underwent surgical and percutaneous interventions (50% vs 18%, p=0.04).

Conclusion: Myocardial bridge probability should be considered in young patients presenting with angina or if the same symptoms are persis-
tent in the patients without more than one risk factor for coronary artery disease. Myocardial bridge may initiate the development of athero-
sclerotic lesion or may facilitate progression of atherosclerosis in the proximal segment of the vessel. The risk of acute coronary syndrome rises
when atherosclerosis is superimposed on MB. Myocardial bridge should be considered in the young patients, presenting with angina or its
equivalents without atherosclerotic lesions on coronary angiography. (Anadolu Kardiyol Derg 2007; 7: 12-6)
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OzET

Amag: Miyokardiyal kdpriileme (MB), epikardiyal arterlerin bazi béliimlerinin intramiyokardiyal seyretmesi ile karakterize konjenital bir ano-
malidir. Benign bir anomali olmakla birlikte akut miyokard infarktiisi, ventrikiil tasikardisi, senkop, atriyoventrikiiler blok ve ani kardiyak 6lim
gibi komplikasyonlara yol agabilir. Bu ¢alismada koroner anjiyografide MB saptanan hastalarin demografik, klinik ve anjiyografik dzellikleri-
ni aragtirmayl amacladik.

Yontemler: Qall?maya Ocak 1999-Eyliil 2003 tarihleri arasinda klinigimizde yapilan koroner anjiyografilerde MB saptanan 71 hasta alindi. An-
jiyografik bulgulara gore hastalar grup A (n=41) ve grup B (n=30) olmak {izere iki alt gruba ayrildi. Grup A aterosklerotik lezyon saptanmayan,
g_rll(Jp Blise I\/:E'e ek olarak koroner arter hastaligi saptanan hastalardan olugsmaktaydi. Iki grubun anjiyografik, demografik ve klinik zellikle-
ri karsilagtirild.

Bulgular: Iki grup arasinda cinsiyet ve koroner arter hastaligi risk faktorleri agisindan fark saptanmazken A grubundaki hastalarin yas ortalama-
st daha diisiiktii (47+5'e karsilik 5511 yil, p=0.01). Ayni hastada iki veya daha fazla koroner arter hastalig risk faktérii sikligi B grubunda anlam-
I olarak daha fazla bulundu%%55'e karsilik %30, p=0.03). Miyokardiyal kdpriileme grup A'da, sadece bir hastada sol 6n inen (LAD) ve sag koroner
arterlerde, 40 hastada ise proksimal veya mid LAD'de yerlesmekteydi. Grup A'da ortalama bridge yiizdesi %43+27 idi. Grup B’de MB, ciddi aor-
tik kapak darligi olan bir hastada birinci septal dalda, 29 hastada ise LAD'de yerlesmekteydi. Grup B’de ortalama bridge ylizdesi %7025 idi
(p<0.05). Aterosklerotik daralma 14 hastada sadece LAD'de, 7 hastada LAD ve diger damarlarda ve 9 hastada ise MB digindaki damarlarda sap-
tandi. LAD'de MB'e ek olarak aterosklerotik darlik bulunan hastalarin hepsinde ateroskleroz MB proksimalinde yerlesmekteydi. Klinik olarak,
akut koroner sendrom sikhigi grup B'de daha fazla iken (%65'e karsilik %30, p=0.04), stabil anjina pektoris grup A’da grup B'den daha fazla idi
(%70 karsilik %35, p=0.01). Tedavi yaklagimi olarak, grup A'da daha cok tibbi tedavi uygulanirken (%80’e karsilik %50, p=0.01), grup B'de daha
cok cerrahi ve girisimsel yaklagimlar uygulandi (%50'e karsilik %18, p=0.04).

Sonug: Anjina ile bagvuran geng hastalarda veya birden fazla koroner arter hastaligi risk faktorii olmayan hastalarda semptomlar devam edi-
yorsa MB olasiligi dikkate alinmalidir. Miyokardiyal kdpriileme damarin proksimal boliimiinde aterosklerotik lezyon gelisimini baslatabilir veya
ilerlemesini hizlandirabilir. Miyokardiyal kdpriilemeye ateroskleroz eklendiginde akut koroner sendrom riski artar. Koroner anjiyografilerde
aterosklerotik lezyon bulunmayan geng hastalarda MB olasiligina dikkat edilmelidir. (Anadolu Kardiyol Derg 2007; 7: 12-6)
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Introduction

Myocardial bridge (MB) is an anatomical variation characte-
rized by narrowing during systole of some of the epicardial coro-
nary arterial segments running in the myocardium. It can be en-
countered in 0.5 to 16% of routine coronary angiographies (1). Alt-
hough, it is considered as a benign anomaly it may lead to such
complications as acute myocardial infarction, ventricular tachy-
cardia, syncope, atrioventricular blocks and sudden cardiac de-
ath (2,3). The present study investigated the clinical, demographic
and angiographic characteristics of patients with MB.

Methods

The present study included 71 patients who had positive
exercise testing or myocardial ischemia on thallium scintigraphy
and ‘milking effect’ from 6272 coronary angiographies performed
in our institution between January 1999 and September 2003.
Angiographic, demographic and clinic characteristics of the pa-
tients were reviewed retrospectively from their medical records.
Risk factors for coronary artery disease (hypertension, diabetes
mellitus, smoking, dyslipidemia and family history) and mode of
presentation to the hospital (stable angina pectoris, unstable an-
gina pectoris and acute myocardial infarction), treatment moda-
lity applied and medication given on the time of discharge from
the hospital were examined.

Coronary angiography was performed by standard Judkins’
technique with a biplane cineangiography system. The presence
of MB was defined as the following criteria: narrowing of coro-
nary vessel lumen during systole and dilation during diastole; no
evidence for occurrence of coronary vasospasm. Location of the
MB, narrowing rate and associated atherosclerotic narrowing
were reviewed on coronary angiography. For the quantitative as-
sessment of the severity of MB, we used a computer-assisted da-
ta analyzing system for angiography (DCI, Philips Medical, versi-
on 3.3, The Netherlands). Angiographically determined percent
narrowing of the MB was calculated as {(end-diastolic diameter
- end-systolic diameter)/end-diastolic diameter}x 100 (4). Based

Figure 1. Coronary angiogram with myocardial bridging of the left ante-
rior descending coronary artery during systole (A) and diastole (B)

on the findings on coronary angiography, the patients were sub-
divided into two subgroups: Group A (n=41) with no atheroscle-
rotic lesion and Group B (n=30) with atherosclerotic coronary ar-
tery disease in addition to MB. Angiographic, demographic and
clinical characteristics of both groups were compared. Angiog-
raphically documented coronary artery disease was defined as
stenosis of more than >50%. The diagnosis of myocardial infarc-
tion required the presence of at least 2 of the following criteria
(5): a history of characteristic prolonged (= 30 min) pain or dis-
comfort (6); creatine kinase (CK) elevation exceeding twice the
upper limit of normal (or CK-MB > 50% of total CK) (7); presence
of new Q waves or new abnormal ST-T segment features. Uns-
table angina was defined as pain at rest with at least 2 episodes
during the previous 48 h, at least one of which lasted > 20 min, or
ST-segment deviations that were diagnostic of myocardial isc-
hemia during anginal attack, with no elevation of CK-MB or lac-
tate dehydrogenase on admission to the hospital (8). Chronic
stable angina was defined as effort angina with objective ische-
mic evidence and stable ischemic threshold over the past 6
months.

Statistical Analysis

Quantitative data were expressed as meansstandard deviati-
on (SD) and qualitative data as percentage values. Statistical
analyses were done using the software SPSS for Windows (ver-
sion 10.0). Categorical data between two groups were compared
with Fisher's exact test and Chi-square test and continuous vari-
ables - with Student’s unpaired t test. P values less than 0.05 we-
re considered to be statistically significant. Pearson'’s correlati-
ons were used to confirm the relationship between the variables.

Results

Demographic, clinic, angiographic and treatment characte-
ristics of both groups are seen in table 1 and 2. The mean age of
the patients in the study was 5110 years with 77% of them we-
re male (n=51) and 23% (n=20) were female. The frequency of MB
on coronary angiography was found to be 0.01%. Only MB was
found in 41 patients (group A, Fig. 1) whereas 30 patients were fo-
und to have MB with atherosclerotic narrowing (group B, Fig. 2).
There was no difference between two groups in distribution of

Figure 2. Typical systolic compression (big arrow) of the mid left anterior
descending coronary artery (A). Diastolic lumen dimensions are normal
(B). Left anterior descending coronary artery shows angiographic signs of
coronary atherosclerosis (small arrow) proximal to myocardial bridge
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gender and risk factors of coronary artery disease whereas me-
an age of the patients in the group A was lower (p=0.01) (Table
1). Frequency of two or more risk factors for coronary artery di-
sease in a particular patient was significantly higher in the gro-
up B (p=0.03) (Table 1). Clinically, stable angina pectoris was se-
en more frequently in the patients in group A than in the patients
in group B (p=0.01), whereas the frequency of acute coronary
syndrome was higher in group B (p=0.04) (Table 2). Angina comp-
laint was considered as atypical in 60% of the patients presented
with SAP in group A. Myocardial bridge was located at proximal
or mid segment of LAD in 40 patients whereas it was found at
both LAD and RCA in only one patient in group A. The length of
MB on angiography was 24+5 mm, the percentage of systolic
narrowing was 43+27% (Table 1). There was no correlation bet-
ween percentage of systolic narrowing and clinical presentation
(R=0.270, p>0.05). Exercise testing was negative in half of 23 pa-
tients with mild (narrowing percentage lower than 30%) MB.
Revascularization therapy was applied to patients with persis-
tent symptoms despite medical therapy and objective evidence
of ischemia in thallium scintigraphy. Surgical revascularization
was made in patients with long and deep MB. Surgical treatment
was advised to 6 of 11 patients with narrowing of 70% and more
during systole whereas 2 and 3 of these 11 patients were advised
to have stent implantation and medical follow-up, respectively.
In regard to therapeutic approach, more patients in the group A

Table 1. The comparison of demographic, angiographic characteristics
and risk factors of both groups

received medical management while more patients the group B
underwent surgical and percutaneous interventions (Table 2).

In group B MB was localized at LAD in 29 patients whereas in
the first septal branch in a patient with severe aortic valve steno-
sis. The length of MB on angiography was 2626 mm (compared
with group A - p>0.05, Table 1), the percentage of systolic narro-
wing was 70+25% (compared with group A - p=0.01, Table 1).
There was a significant correlation between percentage of
systolic narrowing and severity of clinical presentation in group
B (R=0.450, p=0.01). Atherosclerotic narrowing developed in only
LAD in 14 patients, in LAD and other vessels in 7 patients and in
the vessels without MB in 9 patients. Atherosclerotic lesions
showed one-vessel involvement in 45% of the patients, while the
remaining had two or three-vessel involvement. Eighty-five per-
cent of the atherosclerotic narrowings were the lesions produ-
cing stenosis of 70% or more. Interestingly, atherosclerosis loca-
ted proximally to the MB in all of the patients with MB concomi-
tant atherosclerotic stenosis in the LAD and there was also po-
sitive correlation between percentage of atherosclerotic steno-
sis and systolic narrowing (R=0.380, p=0.03, Fig. 3).

Discussion

Muscle overlying the intramyocardial segment of an epicar-
dial coronary artery, is termed a myocardial bridge, and the ar-
tery coursing within the myocardium is called a tunneled artery.
The estimated frequency that has been reported varies from 0.5
to 16% when assessed by coronary angiography, butin some au-
topsy series, it is as high as 80% (9). Angiographic prevalence of

Variables Group A(n=#1) | Group Bn=30 | p MB was reported as 1.22% among almost 26.000 Turkish patients
Age, years 425 ks 001 undergoing coronary angiography (10). But, the frequency of MB
Gender, male/female 30/ 21/9 NS
Length of MB, mm 24+5 26+6 NS 90 -+
Systolic narrowing, % 4327 7025 0.01
Hypertension, n (%) 14(34) 10(33) NS R=0.380, p=0.03
Diabetes mellitus, n (%) 2(5) 1(6) NS 80
Dyslipidemia, n (%) 14(34) 12(40) NS
Family history of CAD, n (%) 10(24) 8(26) NS @
Smoking, n (%) 18(44) 14(46) NS = 5
Number of more than (%) 12(30) 17(55) 0.03 o
one risk factors, n g
CAD- coronary artery disease, MB- myocardial bridge, NS- nonsignificant § 60
Table 2. The comparison of clinical characteristics and treatment modali- E_’
ties of both groups
Variables GroupA | GroupB | p 50
Stable angina pectoris, n (%) 29(70) 10(35) | 0.01
Unstable angina pectoris, n (%) 8(20) 14(45) | NS
Acute myocardial infarction, n (%) 4(10) 6(20) NS 40
Acute coronary syndrome, n (%) 12(30) 20(65) | 0.04 46 50 60 70 80 90 160
Medical treatment, n (%) 33(80) 15(50) | 0.01
Surgical treatment, n (%) 6(14) 930) | NS Percentage of atherosclerotic narrowing
Stent implantation, n (%) 2(4) 6(20) | NS Figure 3. Relation between the percentage of myocardial bridge (MB)
Surgical and interventional therapy, n (%) | 8(18) 15(50) | 0.04 and percentage of atherosclerotic lesion in the left anterior descending

NS- nonsignificant

coronary artery
MB- myocardial bridge
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on coronary angiography was found to be 0.01% in our study. The
cause of low frequency may be overlooking of mild MB. The cur-
rent gold standard for diagnosing MB is coronary angiography
with the typical “milking effect”. But, the mild MBs may be over-
looked. In uncertain cases, systolic narrowing at the myocardial
bridge can be accentuated by intracoronary injection of nitrogly-
cerin (11). With the use of intravascular ultrasound, intracoro-
nary Doppler ultrasound and intracoronary pressure devices,
morphological and functional features of myocardial bridging
can be visualized and quantified (12).

Myocardial bridging is generally confined to the mid left
anterior descending artery (13). In our study the 69 patients had
myocardial bridges in proximal or mid LAD. But, MB in the proxi-
mal LAD was not reported in an angiographic prevalence study
from Turkey (10). In addition, one case with aortic valve stenosis
had septal branch and it was located in both LAD and RCA in
only one patient. A high prevalence has also been reported in
heart transplant recipients and in patients with hypertrophic
obstructive cardiomyopathy (14). Traditionally, myocardial brid-
ging has been considered as a benign condition, however it may
lead to such complications as acute myocardial infarction, vent-
ricular tachycardia, syncope, atrioventricular block and sudden
cardiac death (15-18). In our study, 12 patients with MB with no
atherosclerotic lesion presented with acute coronary syndrome.

The diagnosis of clinically important myocardial bridging
should be considered in patients who have angina and do not ha-
ve the traditional risk factors for coronary artery disease and the
evidence of ischemia (19). Myocardial bridge has been shown to
lead to ischemic heart disease by several mechanisms. One of
these mechanisms is that MB increases the tendency for occur-
rence of atherosclerosis. Myocardial bridge causes atheroscle-
rosis proximal to the bridge with its shear stress effect (12, 20),
because, endothelium within the MB has a structure more resis-
tant to atherosclerosis (21). We also showed endothelial
dysfunction in patients with MB using flow-mediated dilatation
technique in the brachial artery in another study (22).

We found that atherosclerotic lesions were located proxi-
mally to the MB in all of the patients with MB and concomitant at-
herosclerotic stenosis in the LAD. Ge et al (12) showed plaque
formation proximal to the bridge in 90% of patients by intracoro-
nary ultrasound. But, we evaluated atherosclerosis with coronary
angiography and didn't use intracoronary ultrasound in all pati-
ents. Ishikawa et al (23) demonstrated that atherosclerosis ratio in
the proximal segments of LAD (up to 2.5 cm away from the ostium)
was significantly lower in cases with MB located within 5 cm from
the left coronary ostium than in the corresponding segments of
control group in an autopsy study. On the other hand, our study
showed that atherosclerosis ratio in the proximal LAD segments
up to 2.5 cm away from the ostium in distal MB location group
(over 5.0 cm from the left coronary ostium) was not different from
that of control group. But, we didn’t evaluate atherosclerosis ac-
cording to MB location from the left coronary ostium.

Myocardial bridge probability should be considered in young
individuals presenting with angina and its equivalent or if the sa-
me symptoms are persistent in the patients without any risk fac-
tor for coronary artery disease or with only one risk factor. Posi-
tive exercise testing is rare in patients with MB (24). In this study,

it has been shown that exercise testing may be normal especi-
ally if the MB systolic compression percentage is low.

This study has shown that with increasing number of risk fac-
tors atherosclerotic lesions developed in addition to MB and the-
se lesions mostly localized proximal to the bridge. While patients
who had only MB presented with stable angina, patients with at-
herosclerotic occlusion in addition to MB had high prevalence of
acute coronary syndrome on admission.

We also demonstrated that patients with MB and concomi-
tant atherosclerotic lesions (group B) more often were referred
to surgery and invasive treatment approaches because of addi-
tional atherosclerotic occlusions. Klues and Haager (25, 26) had
successful results with stent implantation in MB patients. In our
study, 8 patients also had successful stent implantations.

In conclusion, MB should be considered in the patients with
no atherosclerotic lesions on diagnostic coronary angiography.
Myocardial bridge probability should be considered in young in-
dividuals presenting with angina and its equivalent or if symp-
toms are persistent in the patients without any risk factor for co-
ronary artery disease or with only one risk factor. Classical non-
invasive stress tests are more likely to yield negative results if
systolic narrowing rate of MB is low and thus it may be difficult
to establish the diagnosis. Coronary angiography is diagnostic in
these cases. Myocardial bridge may initiate the development of
atherosclerotic lesion or may facilitate progression by incre-
asing shear stress on the proximal segment. The incidence of
acute coronary syndrome rises in the patients when atheroscle-
rosis is superimposed on MB. Stent implantation or surgical in-
tervention should be considered in the patients with refractory to
the treatment symptoms and systolic narrowing of coronary seg-
ment is hemodynamically significant.

Limitations of the Study

The main limitation of the study is that coronary angiographi-
es were not reviewed. The cause of low frequency may be over-
looking of mild MB. The current gold standard for diagnosing MB
is coronary angiography with the typical “milking effect”. But,
the mild MBs may be overlooked. Thus the prevalence is likely
underestimated.
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