REVIEW ARTICLE

MYOCARDIAL BRIDGE: IMAGING AND MANAGEMENT
Gouse Mohimuddin,! Xindao Yin,! Hui Xu,’ Mohammed M. Mohiuddin?

1 Department of Radiology, Nanjing First Hospital, Affiliated to Nanjing Medical university, Jiangsu, P.R.China.
2 Mahadevappa Rampure Medical College, Gulbarga, Karnataka, India.

PJR October - December 2013; 23(4): 136-145

ABSTRACT ___

Myocardial bridge (MB) is an abnormality in which a coronary artery is covered by bands of membranous or muscular
myocardium instead of running on epicardium,causing compression of the affected artery and leading to stenosis
(and severe stenosis in the contractile phase). As the lumen of the artery is reduced, blood flow to the myocardium
is reduced, increasing the chances of ischemic events. The most common artery involved is the left anterior descending
(LAD) artery, the middle segment being the most commonly affected location.
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Introduction _____

MB is a congenital abnormality’.2 in which the affected
artery is covered either by bands of membranous or
muscular myocardium. MB was first identified in an
autopsy by Reymen in 17373 and in 1960, it was seen
for the first time angiographically by Portmann and
Iwig.4 Deep myocardial bridges cause transient stenosis
of an artery during systolic phases.58 The artery most
commonly involved is the LAD artery,9.10 with the most
commonly affected location being the mid segment
and the next most common being the distal segment.11-
14 Lazoura, however, showed that in 184 cases of MB
affecting the LAD artery, 125 occurred in the proximal
segment, 53 in the mid segment and 6 in the distal
segment.15 The detection of MB through autopsy
ranging from 5.4 to 85.7% is higher than by coronary
angiography (CAG) and multidetect or computed
tomography (MDCT),16.17 though with MDCT, the
detection rate is higher because of better resolution.
The detection rate is much higher on autopsy and
MBs as small as 200 pm can be detected. MBs may
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trigger many cardiac problems such as ventricular
arrhythmias, heart blocks and myocardial ischemia
(MI).18.19

The Anatomy of MB ___

By using MDCT and CAG, the anatomical properties
of the MB can be calculated,including the artery
involved, its length and depth. The artery most
commonly involved in MB is the LAD artery,20 the
segments most commonly affected being middle>
distal>proximal.21-23 Occurrence of MB is less
common in right coronary and circumflex arteries.24
There is formation of atherosclerosis in the artery
proximal to the bridge and the length and depth of
the bridge play an important role in determining the
atherosclerosis suppression ratio.25 MB can be
divided into two types: superficial bridges and deep
bridges. With superficial bridges, the affected artery
is covered by membranous myocardium and with
deep bridges, the artery is covered by muscular
myocardium.26 The length and depth of the bridge
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can be calculated by measuring the length and
thickness of the myocardium covering the bridge.A
single artery may have two bridges. The lengths of
MBs vary from 3 mm to 69 mm and depths vary
from 1.5 mm to 6 mm.27.28 With superficial bridges,
depth calculation is difficult as the covering is small.
Longer and thicker MBs tend to be located more
towards the proximal segment of LAD artery.29

Radiological Evaluati

The detection rate of MB depends on the diagnostic
method used.30.31

QAG——

The gold-standard method for detecting MB is
conventionally CAG, which has a detection rate of
0.4-15.8%. Angiographic findings show systolic
reduction in the diameter of the bridged artery and
persistent reduction during the diastolic phase. In
MB, the artery is surrounded by the myocardium,
which compresses the artery during the contraction
of the heart, leading to transient stenosis of the
affected artery. During heart’s relaxation phase, the
artery relaxes, giving a “milking effect”(systolic
squeezing effect) that is a diagnostic standard for
diagnosing MB with CAG32 (Fig. 1). Most researchers

Figure 1: Coronary angiogarm (CAG) showing a segment of LAD
in MB with “milking effect” during systole (arrows).

believe that superficial bridges do not produce such
effects, though the reason is not yet known. As such,
superficial bridges have a higher chance of being
missed with CAG.33 In MB, the artery runs under
the myocardium, giving it a ‘U-shaped’ appearance.
The frequency of detection with CAG depends on

PAKISTAN JOURNAL OF RADIOLOGY

the thickness, position and adipose covering the
artery34 and sometimes MB can be missed because
of stenotic lesions proximal to the bridge. A bridge
is said to be partial when the affected artery has
covering >75% but less than 100% and complete
when the artery is fully embedded in myocardium.

MDCT ___

With previous scanners, detection of coronary
abnormalities was difficult due to the use of thick
scan slices. However, we are now able to utilize
thinner scan slices to evaluate coronary artery
abnormalities using MDCT. MDCT is non-invasive
and is very useful in calculating the length and depth
of a bridge. When the bridge covering is thin,they
can be calculated with MDCT rather than CAG and
the detection rate of 3.5-58% is higher than that of
CAG. With the use of multiplanar reformation and
curved planar reformation in MDCT, we can calculate
luminal diameter, course of the affected artery and
the anatomical relation of coronary arteries. With
superficial bridges, the covering is thin and might
be missed with CAG because it does not show bridge
compression, but with MDCT we can see the mem-
branous myocardium covering the artery. A bridge
is said to be deep when it has > 2 mm covering the
artery (Fig. 2). A study has mentioned that with the
use of MDCT,a greater presence of calcium
deposition in the MB-free coronary artery than the
bridged artery has been observed, which is de-
pendent upon the surrounding adipose.35

Figure 2: Multi Dectector CT (MDCT) agiogram showing proximal
LAD segment (arrows) in a deep myocardial bridge (> 2 mm).

We can determine changes in blood flow and velocity
patterns with IVUS and Doppler. Ge et al.used IVUS/
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Doppler to observe increased pressure in the artery
proximal to the bridged LAD artery in MB patients
and reduced pressure in the distal segment when
compared with aortic pressure. The authors con-
cluded that a rise in arterial pressure, high wall
stress and change in blood flow could have been
the reasons for the development of atherosclerosis
proximal to the bridge.36 The bridged artery shows
delayed increase in diastolic diameter in the heart’s
relaxation phase and this has an effect on the
perfusion of myocardium, particularly during increa-
sed heart rate. Kluese et al. used CAG and intra-
coronary Doppler imaging to check the blood flow
pattern, velocity, pressure and flow reserve in the
coronary artery. In 12 MB patients, they observed
a rise in pressure during the contractile phase,
decrease in the diastolic diameter of the artery,
increased blood flow velocities,retrograde flow and
reduced flow reserve. In a study of 62 patients that
used IVUS and CAG, positive systolic compression
of the bridged artery was observed. Using Doppler
to observe the whole cardiac cycle,high lucent half-
moon appearances were found in the bridged
artery.58 Half-moon signs are not a 100% reliable
diagnostic, as the compression of MB has been
detected in the absence of such half-moon signs
using IVUS.37 The peak velocity in the bridged artery
was significantly higher than in the proximal and
distal segments. In the early diastolic phase, there
was a characteristic ‘fingertips’ appearance within
the bridged artery that is characteristic of MB. This
was observed in 87% of the patients38 and represents
an abrupt reduction in myocardial tension and resis-
tance in microcirculation.

Histology ____

Brodsky et al. carried out histological examinations
on six autopsy hearts where the LAD artery had
taken an intramural course (deep myocardial bridges)
and compared the presence of myocardial fibrosis
with ten age-matched controls. They observed increa-
sed interstitial fibrosis in hearts with MB.39 The
change in endothelial cell morphology in bridged
arteries might be due to hemodynamical changes
like high shear stress in the tunneled artery and low
shear stress in the artery proximal to the bridge,
causing atherosclerosis by lipid transfer under the
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intima.40 Previous researchers showed that intimal
thickening is reduced in arteries where blood flow
velocity is high and high shear stress is present,
thickening increasing in regions of low wall shear
stress.41 Risse and Weiler showed that the intima
in the bridged artery is thinner (66.3u) than in the
artery proximal to the bridge (406.6p). Histological
studies of the intima of bridged arteries have revealed
an abundance of interarterial spiraled collagen and
contractile smooth muscle cells. There was no syn-
thesis-type smooth muscle, which has the function
of production and proliferation of fibrils and elastic
fibers, this has an effect on the process of atheros-
clerosis.42 The proximal part of the LAD artery in
MB patients shows endothelial cells being polygonal
in shape and arranged in a high shear-like pattern,
as compared with the endothelial cells in the tunneled
artery, where the endothelial cells become spindle-
shaped and regularly engorged in the direction of
blood flow. This is related to change in the shear
stress on both sides.43.44 Similar changes in
endothelial cell pattern were observed in rabbits fed
with fat.45 The surrounding adipose does not play a
significant role in providing cushion or pathogenesis
of atherosclerosis in the LAD artery and MB length
and depth are independent factors that do not affect
the atherosclerosis ratio.46

Pathophysiology of

It is known that changes in blood pressure are
responsible for the pressure gradient, which in turn
could lead to stress on the arterial wall. It has been
said in previous research that endothelial dysfunction
is signaled by impaired endothelium-dependent
vasodilatation, which is one factor in initiating the
pathogenesis of atherosclerosis. Despite the relation
between MB and endothelial dysfunction, the bridged
artery is free from atherosclerosis.4” In MB, the
arterial pressure of the bridged artery is greater
than the aortic pressure due to the surrounding
myocardium compressing the artery, particularly in
the systolic phase. The increase in arterial pressure
causes a reduction of mural stress in the bridged
artery. This low mural stress may be the cause for
free atherosclerosis of the bridged artery. The
reduction of mural stress depends on how deep the
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artery is embedded. Robicsek & Thubrikar showed
that a reduction in mural stress has a significant
effect on the surrounding tissue’s pressure, leading
to transmural gradient reduction. Mural stress
therefore protects the bridged artery from atheros-
clerosis.48 There are various types of adipokinese
released from the adipose around the coronary
arteries, which play a role in the development of
local atherosclerosis. It is not well understood
whether the adipokinese is released from the adipose
tissue surrounding the artery or from the blood within
the artery.49-51

Vasoactive Agents _____

Masuda et al. showed the relation between endo-
thelin-1 (ET-1), angiotensin converting enzyme (ACE)
and endothelial nitric oxide synthase (eNOS), MB
and atherosclerosis. There was no atherosclerosis
in the intima of the bridged artery, which differed
from arteries on either side of the bridged artery.
ET-1 affected the process of atherosclerosis at all
stages,52-54 having vasoconstrictor and mitogen
effects on vascular smooth muscle cells which
caused their migration and growth. The vasoactives
levels were increased on either side of the bridge
(proximal and distal segments) and reduced in the
bridged artery. The increase in secretion of the
vasoactive may be one of factors for the pathogenesis
of atherosclerosis55 and the altered secretion pattern
might be due to altered hemodynamic stress on the
vascular wall.56 In an autopsy, a cross section of an
MB-affected LAD artery was analyzed. The artery
was stained with antibodies for eNOS, ET-1 and
ACE. The amount of atherosclerosis in the cross-
section was calculated so as to find the relation
between the vasoactive and atherosclerosis. The
presence of both atherosclerosis and the vasoactive
were diminished in the bridged artery. There was
impairment in endothelium-related vaso relaxation
of the bridged artery, possibly due to the stress
placed on the artery by the surrounding myocardium
compression which could impair normal endothelium
function. There was more vasoconstriction in
response to acetylchlorine in the MB-affected artery
and greater spasm as compared to normal arteries.
These two factors could be the reasons for coronary
events in MB patients.57
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CIinica_I Mgnifestation and

Complication

Clinical significance is based mostly upon the
stenosis caused by the compression of the artery
and atherosclerosis formation. Normally, 15% of
blood flow occurs during the systolic phase of the
heart, but in MB, the diameter of the artery is affected
during both the systolic and diastolic phases, leading
to reduced blood flow. In many autopsies,a high rate
of MB is found, which shows that MB could be
asymptomatic in most patients. In many cases, MB
is incidentally found and patients have a good long-
term survival rate.58 Though most superficial bridges
are asymptomatic, deep bridges are usually sympto-
matic due to the myocardial covering.59.60

The length and depth of the bridge play an important
role in whether or not clinical symptoms present,
longer and deeper bridges with greater compression
commonly being found in symptomatic patients.6!
The compression of the artery also plays an impor-
tant role, a study showing that artery compression
>75% of its diameter results in myocardial ischemia.62
Doppler shows an initial reduction in the diameter
at the end of systole and an abrupt increase in the
diameter of the artery during diastole and there is
reduced blood reserve in the bridged artery. In
tachycardia, contraction of the heart reduces blood
flow, which leads to the development of ischemic
symptoms.63 This could be the cause for sudden
death in young athletes.64 During the systolic phase,
this may cause damage to the intima in the proximal
segment of the artery and could lead to platelet
aggression and vasospasm of the bridged artery,
causing acute coronary syndrome. MB affected
arteries are more prone to spasm than healthy
arteries (73% vs 40%).65-67 Ge et al. showed that
12 out of 14 patients had plaque formation in the
artery proximal to the bridge. This might cause
thrombus and may form a micro-embolism if it
detaches. The most common cause for myocardial
infarction (MI) is atherosclerosis.68 The endothelial
function was severely impaired in the artery proximal
to the bridge. In a study, 300 individuals had coronary
heart disease-related deaths,of which 39.9% were
due to MB. Most were sudden cardiac deaths
(69%).69 Though there is a great deal of literature
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on the relationship between stenosis and myocardial
events, there are many cases were MB can lead to
conduction abnormalities,atrioventricular blocks,
ventricular tachycardia and cardiac arrhythmias.

Treatment

MEDICAL

The anatomical properties of MB affect treatment
and patients’ recoveries most in surgical proce-
dures.”0 B-blockers are the most common choice
for the symptomatic treatment of MB patients.71 B-
blockers function by reducing heart rate, which leads
to reduced compression on the artery and increases
the arterial diameter, thereby increasing the blood
flow.72,73 |n patients with contraindications for B-
blockers, we can use either C-channel blockers or
nitrates. C-channel blockers in particular can be
used for patients with vasospasm and nitrates are
useful in reducing symptoms of angina, though
nitrates cause coronary compression and result in
diameter reduction of the coronary artery.74-76

STENT PLACEMENT

Stent placement has been very useful in MB patients
as the artery is compressed by myocardium. Stent
is mainly used with patients who have a resistance
to drugs and severe compression and occlusion of
an artery. The stent directly increases the diameter
of the compressed artery and increases the blood
flow to the myocardium.?7.78 During the placement
of the stent,perforation of the artery can be caused
by the large size of the stent, the small lumen of the
tunnel artery as compared to the proximal artery
and a thin arterial wall.7® Post-operative complications
can result from high-intensity compression by the
myocardium, causing the stent to fracture and
causing re-stenosis.80 There is a higher risk of lesion
in the LAD artery and re-stenosis during or after
stent placement.8! The stent in the MB segment
may be subjected to abnormal shear stress because
of squeezing of the vessel wall between the deployed
stent and the MB — called the “sandwich effect”. This
results in neo-intimal proliferation and vasoactive
substance production.82 There are increased chances
of stent fracture in MB patients as compared with
non-MB patients.83 Metal stents are more prone to
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re-stenting then drug eluting stent (DES), making
them a good choice for patients with MB.84.85

SURGICAL TREATMENT

Since 1975, surgical myotomay has proved to be
very effective in patients with repeated symptoms
due to deeply-situated MBs and in patients who are
not suitable for stent placement.86.87 Surgical
myotomy relives the pressure from the myocardium
and increases the diameter of the coronary artery,
leading to increased blood flow.88 The long-term
prognosis of MB patients undergoing myotomy are
very good.89 The choice between surgical myotomy
and coronary graft depends upon the anatomical
properties of the MB. If there is the presence of
atherosclerosis in the MB-affected artery and the
artery is located too deep in the myocardium, then
coronary graft is better.90 In symptomatic MB patients,
surgical myotomy plays an important role with usage
of medication and has good results in patients with
hypertrophic cardiomyopathy.?! In preoperative sur-
gical myotomy, there are few complications like
artery perforation.92.93 In cases where the LAD artery
is situated deep in the ventricular myocardium, there
is the risk of injuring the right ventricle and treating
long bridges runs the risk of perforating the affected
coronary artery. Post-operative scarring may result
when there is compression of the coronary artery.%4
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