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Abstract

Background: Although the incidence of myocardial bridge (MB) has been defined in different femoral access con-
ventional coronary angiography (FACCA) studies, the frequency of MB on radial access coronary angiography (RACA)
is unknown. The aim of this study was to determine the difference in the incidence of MB between patients undergo-
ing RACA and FACCA.

Method: A total of 2500 consecutive patients who underwent RACA and a total of 1455 consecutive patients who
underwent FACCA were retrospectively investigated to detect the presence of MB. The incidences of the groups were
calculated separately and compared. The clinical and angiographic features of the patients with MB were analyzed.

Results: MB was detected at an incidence of 10.2%, in 255/2500 patients who underwent RACA, and 1.8% in 27/1455
patients who underwent FACCA (p <0.001). In both RACA and FACCA patients, the most involved coronary artery was
the left anterior descending artery (LAD) (86.9% and 93.1%) and the mid-segment (84.9% and 88.9%) was the most
affected section. Co-involvement of multiple coronary arteries by MB was 7.8% in patients who underwent RACA and
7.4% in patients who underwent FACCA. Coronary artery disease (CAD) was determined in 111 (35.7%) of the coro-
nary arteries with MB, of which 81.9% were proximal to the MB. No significant CAD was detected in any of the vessels

much higher than FACCA.

of 69.8% (178/255) of the patients who underwent RACA for different clinical indications.
Conclusion: These data demonstrated that the incidence of myocardial bridge able to be detected on RACA was

Introduction

Myocardial bridge (MB) is an anatomic variation in which
some of the epicardial coronary arterial segments run
into the myocardium. MB is characterized by narrow-
ing during the systole of the coronary artery by overlying
muscle fibers [1, 2]. It usually occurs in the mid-segment
of the left anterior descending coronary artery (LAD) [3,
4]. MB may affect other coronary arteries less frequently
and occasionally, all of them [5]. Although MB is known
to be usually benign, it may sometimes cause myocardial
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ischemia, arrhythmia, syncope, and sudden cardiac death
[6, 7]. Coronary heart disease can be caused by MB both
by direct compression in cardiac systole and by exacerba-
tion of atherosclerosis progression in the vessel proximal
to the MB [8, 9]. There is a great difference in the inci-
dence of MB reported in angiographic series (0.5-2.5%)
and in autopsy series (15-85%) [10]. It has been shown
that the frequency and extent of MB may differ accord-
ing to imaging techniques. In comparative studies of the
same patient population, the frequency of MB was 6%
with conventional coronary angiography, and 30% with
computed tomography coronary angiography (CTCA)
[11]. Those results confirmed that conventional coro-
nary angiography is not sensitive enough to detect MB,
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especially of a mild type [12]. Radial access for coronary
angiography has been shown to reduce major bleeding
and ischemic events compared to femoral access [13].
Therefore, radial access has been the principal approach
for coronary angiography in recent years. The aim of this
study was to determine the difference in the incidence of
MB between patients undergoing RACA and FACCA.

Method

Study population

A retrospective evaluation was made of the coronary
angiographies of 2500 consecutive patients who under-
went RACA and 1455 consecutive patients who under-
went FACCA between January 2018 and February 2021.
The incidence of MB in patients who underwent RACA
and FACCA was calculated separately and their inci-
dences were compared. Patients with a history of coro-
nary artery bypass grafting (CABG) were excluded from
the study. The clinical and angiographic features of
patients with MB were analyzed.

Patients who underwent RACA or FACCA for the diag-
nosis of coronary artery disease were grouped accord-
ing to clinical conditions as non-anginal symptoms,
stable angina pectoris (SAP), unstable angina pectoris
(USAP), non-ST-segment elevation myocardial infarction
(NSTEMI), and ST-segment elevation myocardial infarc-
tion (STEMI). Cardiac single-photon emission computed
tomography (SPECT) or treadmill exercise test was per-
formed before coronary angiography in some patients
who presented with stable angina pectoris and non-
anginal symptoms. The SPECT was positive in 24 and
the treadmill exercise test was positive in 60 of RACA
patients. Patients who underwent elective coronary angi-
ography due to stable angina pectoris and non-anginal
symptoms fasted at least 12 h before and their medica-
tions were interrupted. However, this condition was not
complied with in patients who underwent urgent or early
angiography due to myocardial infarction.

Radial access procedure

The right radial artery was cannulated with a 6-f radial
sheath after local infiltration with 2% lidocaine. All
patients received 2500 to 5000 units of unfraction-
ated heparin according to weight and glomerular filtra-
tion rate, 100-200 pg (depending on blood pressure) of
nitroglycerin, and 5 mg of diltiazem unless there was an
absolute contraindication to diltiazem and anticoagu-
lants. Coronary angiography was performed using the
standard Judkins® technique via right radial access with
a 5-f diagnostic catheter. Standard angiography images
were obtained with a biplane cine-angiography system.
Each angiogram was reviewed by the same two qualified
cardiologists.
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Definitions and measurements

The diagnosis of SAP was based on the presence of
chest pain that did not change its pattern during the
preceding 2 months. USAP was defined as chest pain
at rest, or marked progression of known angina within
the last 2 weeks or recent and progressive onset of
angina with evidence of ischemia on the ECG. NSTEMI
was defined as an elevation of high sensitive troponin
T level > 14 ng/L, accompanied by either typical chest
pain for>30 min and/or electrocardiographic change.
STEMI was defined as>30 min of continuous typical
chest pain and ST-segment elevation of 1 mm in at least
2 limb electrocardiographic leads or 2 mm in at least
2 contiguous precordial leads or the presence of a new
left bundle branch block. For the diagnosis of hyper-
trophic obstructive cardiomyopathy, it was required
that the ratio of septum thickness to the posterior wall
was > 1.3 and the left ventricle outflow tract gradient at
rest and/or stimulation was > 30 mmHg.

The presence of MB was defined as the narrowing of
the coronary artery lumen in systole and expansion in
diastole with no evidence of coronary vasospasm. The
extent and severity of MB and its relationship with
coronary artery disease (CAD) were examined on cine-
angiograms. The quantification of systolic lumen com-
pression and atherosclerotic stenosis in the coronary
artery was performed using a digital caliper program
to measure the lumen diameter reduction. With this
digital program, vessel inner diameter was measured
in diastole (expansion) and systole (contraction). Meas-
urements were performed in the left anterior oblique
position. The percentage of systolic lumen narrowing
caused by MB was calculated with the following equa-
tion: (diastolic diameter — systolic diameter) x 100/
diastolic diameter. To determine the severity of MB,
patients were divided into 3 groups according to the
degree of systolic lumen compression.

Group—1 (mild): Systolic lumen narrowing <50%,
Group—2 (moderate): Systolic lumen narrowing
between 51 and 70%,
Group—3 (severe):
ing>71%.

Systolic lumen narrow-

The patients were also separated into 3 groups according
to the degree of luminal narrowing caused by atheroscle-
rotic stenosis.

Group—1 (mild): Luminal narrowing between 30
and 50%,

Group—2 (moderate): Luminal narrowing between
51 and 70%,

Group—3 (severe): Luminal narrowing > 71%.
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Severe CAD was defined as the presence of >71% cor-
onary artery stenosis or the presence of a previously
placed stent due to severe coronary artery stenosis. Sig-
nificant CAD was defined as the presence of >51% coro-
nary artery stenosis.

Statistical analysis

Data obtained in the study were analyzed statistically
using SPSS for Windows, vn.15.0 (SPSS Inc, Chicago, IL,
USA). Conformity of the data to normal distribution was
assessed using the Kolmogorov—Smirnov test. Continu-
ous variables were reported as mean £ standard deviation
(SD), minimum and maximum or median (interquartile
range Q1-Q3) according to distribution normality, and
categorical variables as number (n) and percentage (%).
The groups were compared using independent Student’s
T-test or Mann—Whitney U test for continuous variables
based on normality distribution, and Chi-squared test
or Fisher’s exact test for categorical variables. A value of
p<0.05 was accepted as statistically significant.

Results

MB was detected in 255 of 2500 patients who under-
went RACA and 27 of 1455 patients who underwent
FACCA, giving a total incidence of 10.2% and 1.8%
respectively. The incidence of MB was significantly
higher in patients undergoing RACA than those
undergoing FACCA (p<0.001). The 282 patients com-
prised 215 (76.2%) males and 67 (23.8%) females with
a mean age of 57.8+11.1 years (range, 25-83 years;
median, 59 years). Hypertension was determined in
154 (54.6%) patients. The echocardiographic findings
showed left ventricular concentric hypertrophy (LVCH)
in 93 patients, hypertrophic obstructive cardiomyopa-
thy (HOCM) in 3, and aortic stenosis (AS) in 5. While
the majority of RACAs were performed for some
non-urgent clinical conditions (non-anginal symp-
toms, stable angina, and unstable angina), the major-
ity of FACCAs were performed urgently for myocardial
infarctions (p <0.001).The demographic data and clini-
cal features of the patients are presented in Table 1.
While 235 (92.2%) patients who underwent RACA had
single-vessel MB and 20 (7.8%) had more than one ves-
sel MB (two vessels in 13 patients, three vessels in 7),
25 (92.6%) patients who underwent FACCA had single-
vessel MB and 2 (7.4%) had two-vessel MB. There were
282 coronary arteries with MB in RACA patients, and
29 coronary arteries with MB in FACCA patients. In
both RACA and FACCA patients, the most involved
coronary artery was LAD (86.9%, 245/282 and 93.1%,
27/29) and the most affected section of LAD was the
mid-segment (84.9%, 208/245 and 88.9%, 24/27) fol-
lowed by distal (13.9%, 34/245 and 11.1%, 3/27) (Fig. 1).
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Table 1 Demographic and clinical characteristics of the patients

Variables RACA FACCA p value
patients patients
(n=255) (n=27)
Age, years (mean £ SD) 5754+113 6094+112 0.129
Male gender, n (%) 196 (76.9) 19 (70.4) 0.451
Hypertension, n (%) 137 (53.7) 17 (654) 0.255
Diabetes mellitus, n (%) 63 (24.7) 10 (37) 0.168
Smoking, n (%) 104 (40.8) 11 (40.7) 0.984
Hypercholesterolemia, n (%) 127 (50.4) 17 (63) 0214
Chronic renal failure, n (%) 20(7.8) 3(11.1) 0.555
CVD history, n (%) 5(1.9) 2(7.7) 0.075
HOCM, n (%) 2(0.8) 1(4.2) 0.241
LVCH, n (%) 86 (33.7) 7(29.2) 0.605
Aortic stenosis, n (%) 4(1.6) 14.2) 0370
LVDD, n (%) 188 (73.7) 18 (75) 0.983
LVEF, % (mean £ SD) 577+6 564458 0.349
Admission clinic, n (%)
Non-anginal symptoms 59(23.1) 2(74) <0.001
Stable angina 117 (45.9) 4(14.8)
Unstable angina 33(12.9) 5(185)
Anterior Ml 3(1.2) 2(74)
Inferior Ml 5(1.9) 7(25.9)
NSTEMI 38(14.9) 7(25.9)
Arrhythmia, n (%)
Atrial 3(1.2) 13.7) 0333
Ventricular 2(0.8) 13.7) 0.261

The p-value is statistically significant in bold

SD standard deviation, n number of patients, CVD cerebrovascular diseases,
FACCA femoral access conventional coronary angiography, HOCM hypertrophic
obstructive cardiomyopathy, LVCH left ventricular concentric hypertrophy, LVDD
left ventricular diastolic dysfunction, LVEF left ventricular ejection fraction, M/
myocardial infarction, NSTEMI non-ST segment elevation myocardial infarction,
RACA radial access coronary angiography

The median length of MBs was 20 (15-25.25) mm on
RACA and 22 (18.5-24) mm on FACCA. Mild degree
MBs were most common in both RACA and FACCA
patients, 45.9% and 48% respectively. Angiographic
characteristics of the patients according to the access
site are presented in Table 2. In addition, detailed
angiographic features of RACA patients according to
MB grades are presented in Table 3. Of the MB-related
coronary arteries, 35.7% (111/311) had CAD, of which
81.9% were proximal to the bridge, 9.1% were in the
bridge segment, and 9.1% were distal to the bridge. Of
these CADs, 81 (72.9%) were mild, 4 (3.6%) moderate,
and 26 (23.4%) severe.

No significant CAD was detected in any of the ves-
sels of 59 (70.2%) patients who underwent RACA due
to SPECT or treadmill exercise test positivity. Of these
59 patients, 28 had mild, 17 moderate, and 14 severe
MB. In addition, no significant CAD was detected in
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Fig. 1 Severe degree MB in LAD, arrows show systolic compression (A) and diastolic expansion (B)
Table 2 Distribution of MBs on coronary arteries and angiographic characteristics of the patients according to access cites
Variables RACA patients (n=255) FACCA patients (n=27) p value
Coronary arteries with MB
LAD, n (%) 225(88.2) 25(92.6) 0497
CX, n (%) 8(3.1) 0 0.350
RCA, n (%) 2(0.8) 0 0.644
LAD and CX, n (%) 9(3.5) 2(74) 0322
LAD and RCA, n (%) 4(1.6) 0 0.512
LAD, CX, and RCA, n (%) 7(27) 0 0.383
Angiographic characteristics of the single-vessel MB patients
Length of MB, mm, (median (IQR Q1-Q3)) 20 (15-25.25) 22 (18.5-24) 0.897
MB degree, n (%)
Mild 108 (45.9) 12 (48) 0.866
Moderate 59 (25.1) 7 (28)
Severe 68 (28.9) 6 (24)
Affected segment of vessel from MB, n (%)
Proximal 4(1.7) 0 0.805
Mid 204 (86.8) 22 (88)
Distal 27 (11.5) 3(12)

n number of patients, CX circumflex artery, FACCA femoral access conventional coronary angiography, LAD left anterior descending artery, MB myocardial bridge, RACA
radial access coronary angiography, RCA right coronary artery, Q quartiles

any of the vessels of 69.8% (178/255) of all patients
who underwent RACA for different clinical indica-
tions. The clinical presentations of these patients
according to their MB grades are presented in Table 4.

Finally, all patients were treated medically for MB
and none required surgical treatment.
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Table 3 Angiographic features of single-vessel MB patients undergoing RACA according to MB grades

Variables Group 1 (MB<50%) Group 2 (51% <MB < 70%) Group 3 (MB>71%) Total (n: 235)
(n: 108) (n:59) (n: 68)

LAD, n (%) 100 (92.6) 57 (96.6) 68 (100) 225(95.7)

CX, n (%) 6(5.6) 2(34) 8(34)

RCA, n (%) 2(19) 0 2(09)

Length of MB, mm (median 17 (13-22.75) 23(19-27.75) 22 (17.25-32.75) 20 (15-25.25)

(IQRQ1-Q3))

Affected segment of vessel from MB, n (%)

Proximal 1(0.9) 2(34) 1(1.5) 4(1.7)

Mid 92 (85.2) 51(86.4) 61(89.7) 204 (86.8)

Distal 15(13.9) 6(10.2) 6 (8.8) 27 (11.5)

n number of patients, CX circumflex artery, IQR interquartile range, LAD left anterior descending artery, MB myocardial bridge, RCA right coronary artery, Q quartiles

Table 4 Clinical presentations of patients undergoing RACA without significant coronary artery disease according to MB grades

Variables Group 1 (MB <50%) Group 2 (51% <MB <70%) Group 3 (MB >71%) Total (n: 178)
(n:91) (n:41) (n: 46)

Non-anginal symptoms, n (%) 31(34.1) 8(19.5) 17 (37) 56 (31.5)

Stable angina, n (%) 35(38.5) 26 (634) 20 (43.5) 81 (45.5)

Unstable angina, n (%) 17 (18.7) 6 (14.6) 7(15.2) 30(16.9)

NSTEMI, n (%) 8(8.8) 124) 2(43) 11(6.2)

MB myocardial bridge, NSTEMI non-ST segment elevation myocardial infarction

Discussion

The results of this study showed the incidence of MB to
be 10.2% in patients undergoing RACA, which was sig-
nificantly higher than that detected with FACCA.

MB is a congenital coronary artery anomaly, which is
usually detected incidentally in coronary angiography
performed for the diagnosis of coronary atherosclero-
sis. The incidence of MB differs between autopsy stud-
ies (15-85%) and angiographic studies (0.5-2.5%) [10].
Furthermore, the incidence of MB varies according to
the coronary angiography method. For example, 0.6%
incidence of MB in FACCA was reported by Harikishen
et al., whereas Kantarci et al. determined MB incidence
of 3.5% in CTCA [14, 15]. In another study, Lu et al.
found the incidence of MB to be 6% with conventional
coronary angiography, and 30% with CTCA in the same
population [11]. The main reason for this difference is
the variability in the sensitivity of coronary angiogra-
phy methods in the detection of MB. Other factors that
may affect the incidence of MB are the size and ethnic-
ity of the study population. The incidence of MB was
found to be around 1% in FACCA studies performed in
Turkish populations similar in size to the current study
[16, 17]. In the current study, MB incidences of patients
who underwent RACA and FACCA with similar base-
line characteristics except for their clinical presenta-
tion were compared. The current study demonstrated

that the incidence of MB able to be detected on RACA
was significantly higher than FACCA. As reflected in
the study results, in our clinical practice, femoral access
is preferred in myocardial infarctions because we usu-
ally use a 7-f introducer due to the complexity of the
procedure. The luminal narrowing is dynamic in MB
and mild systolic compressions may be overlooked
during coronary angiography. In the current study, the
main reason for the higher MB incidence compared
to FACCA studies was thought to be the routine use
of nitroglycerin and diltiazem during the procedure.
Nitroglycerin and diltiazem reduce coronary artery
resistance [18, 19]. As a result of the synergistic effect
of nitroglycerin and diltiazem, even low doses can dra-
matically modify coronary artery resistance. Nitro-
glycerin augments vessel wall constriction in patients
with MB and previously unseen MBs can appear on
coronary angiography after the administration of nitro-
glycerin. In addition, nitroglycerin increases vascular
compliance and facilitates diastolic expansion as well
as systolic compression, so MB can be easily detected.
Provocation with nitroglycerin has been reported to be
safe and useful for the detection of invisible MB [19,
20]. Especially mild degree MBs, which may be over-
looked during FACCA, can be detected by nitroglyc-
erin exaggeration on RACA. As a matter of fact, in the
current study, about half of the MBs were mild degree.
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In previous RACA studies, Jiang et al. found the inci-
dence of MB to be 9.4%, while Santos et al. found it to
be 8.2% [21, 22]. These rates were close to our results
and were quite high compared to FACCA studies. Just
like our opinion, they stated that the reason for this
high incidence might be the nitroglycerin used during
the RACA procedure.

The most common coronary artery affected by MB is
the LAD mid-segment, as indicated both in the current
study and many other studies [23-26]. Although a pre-
vious study from Turkey reported almost equal distri-
bution of MBs in the LAD middle and distal segments
and no MB present in the proximal segment, the current
study results showed much higher involvement of the
LAD mid-segment than proximal and distal segments
[27]. Compared to previous FACCA studies, not only
the MB incidence but also the number of simultane-
ously affected coronary arteries was higher in the current
study. Although some studies [2, 5, 14, 27] have shown
that more than one coronary artery was almost never
involved simultaneously, the involvement of two or three
coronary arteries together was 5.1% and 2.7%, respec-
tively in the current study. The reason for this, just like
the incidence difference, can be attributed to the use of
nitroglycerin and diltiazem enabling the detection of pre-
viously unseen MBs. In a cadaver study, it was shown that
almost all major branches of both coronary arteries were
affected and 36% of the samples had more than one MB
[5].

There has been considerable controversy regarding the
functional significance of MB. Some studies have stated
that MB may be associated with ischemia, arrhythmia,
and sudden cardiac death, while others have claimed that
it is benign and may even protect against atherosclerosis
[28-31]. It has been shown that severe and proximal MBs
are associated with adverse cardiac events [32, 33]. In
the current study, 70% of the patients undergoing RACA
for different clinical indications had no significant CAD,
which could explain these clinical conditions. MBs may
be responsible for the clinical condition of these patients.
Ural et al’s study has shown that MBs can cause stable
angina, unstable angina, and non-anginal symptoms [33].
As in the current study, Matta et al. have reported that
MB can cause myocardial infarction in patients with-
out significant CAD and may be a cause of MINOCA
[34]. Most of the MBs in our study were mild, but it
should be kept in mind that the severity of MB may be
dynamic depending on the hemodynamic status and the
drugs used. Therefore, even angiographically mild MB
can lead to clinical symptoms over time. In the current
study, 70% of patients with a positive SPECT or treadmill
exercise test had no significant CAD that could explain
this positivity. One reason for this condition might be
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false-positive test results, but still the most important
reason was considered to be MB-related ischemia. It
is generally accepted that MB causes coronary athero-
sclerosis in the LAD segment proximal to the MB and
enhances its natural progression through several different
mechanisms [3, 9, 10, 32]. Similar to those studies, 35.7%
of MB-related vessels had CAD in the current study, of
which more than 80% were proximal to the MB, and the
majority were mild.

This study had some important limitations, primarily
that it was a retrospective and single-center study. Dedi-
cated clinical studies would be required to support the
relationship of MB with clinical symptoms in the results
of the current study.

Conclusion

The results of this study demonstrated that the incidence
of myocardial bridge in RACA patients was much higher
than the rates reported in current and previous FACCA
studies. The LAD mid-segment was the most affected
coronary artery. Multiple coronary artery involvement
was not uncommon and approximately one-third of the
patients with myocardial bridge had CAD proximal to
the bridge.
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