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Abstract

Myocardial bypass (MB) is known to have scientific
relevance and is present in several studies with great
statistical significance regarding its clinical manifestations
and complications. There are still questions about MB in
its relationship with heart disease and repercussion in
life-threatening conditions. We present a case report of a
MB in the left anterior descending coronary artery, whose
objective is to identify this rare congenital anomaly and to
highlight the patient’s clinical outcome in order to elicit
greater contributions about the presence of this variant
in the emergency room, its diagnosis by angiography
and therapeutic management.

Introduction

Myocardial bypass is defined as a portion of the
myocardial tissue that bypasses a segment of the coronary
artery, with a greater number of cases in the left anterior
descending coronary artery.! The true prevalence of the
myocardial bypass is not fully recognized. What is known
is that myocardial bypasses are usually found over the
left anterior descending coronary artery and are rarely
found over the right coronary artery or the left circumflex
coronary artery.?
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Although myocardial bypass is generally considered
a benign condition, several studies have shown an
association between the myocardial bypass and acute
coronary syndromes, chest pain, arrhythmia, left
ventricular dysfunction, Takotsubo cardiomyopathy and
sudden death.>* Schwarz et al.,° proposed the following
classification of myocardial bypass in the absence of
coronary artery disease: type A, clinical symptoms and no
objective signs of ischemia; type B, clinical symptoms and
objective signs of ischemia by noninvasive stress testing;
and type C, clinical symptoms and objective abnormal
intracoronary hemodynamics (by quantitative coronary
assessment/coronary flow reserve/intracoronary

Doppler).

In addition, it is understood that beta-blockers or
calcium channel antagonists are generally the first line
of treatment in type A and B patients, whereas patients
with refractory type C myocardial bypass are treated with
surgical interventions such as myotomy (unroofing) or
coronary artery bypass surgery or coronary stenting as
a second-line option.>®

We present a rare case of myocardial bypass in the
left anterior descending coronary artery in a 55-year-old
female patient, where we will discuss drug treatment
and coronary intervention therapy in association with
clinical outcomes.

Case report

Previously healthy 55-year-old female patient was
initially admitted to another hospital. She reported three
days of constant severe oppressive chest pain radiating
to the left upper limb, associated with cold, intermittent
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sweating, presyncope and dyspnea on moderate exertion.
The patient denies fever, nausea, vomiting, genitourinary
disorders, history of systemic arterial hypertension,
diabetes mellitus and allergies. She reported that, for
most of the day, she presented normal levels of vigilance,
concentration, and was very anxious, distressed and
worried. Subsequently, myocardial necrosis markers
were serialized, showing creatine kinase (CK) -MB of
48 U/1 (reference value 25 U/I) and negative troponin.
Admission electrocardiogram showed slightly abnormal
ventricular repolarization in the inferior and septal walls.

The patient was transferred to our Interventional
Cardiology service. Physical examination revealed poor
general condition, no pain improvement, nasal catheter 2
L/min of O,, the patient was agitated, lucid and oriented in
time and space, pale (++/4+), acyanotic, anicteric, afebrile
and hydrated. Blood pressure 154 x 98 mmHg, regular
strong pulses with 76 beats per minute, heart rate 76 beats
per minute, respiratory rate of 21 breaths per minute, 93%
oxygen saturation in ambient air. Inspection of non-visible
and non-palpable ictus cordis cardiovascular system in
two digital pulps, cardiac auscultation with regular two-
stroke heart rhythm and normophonetic heart sounds
without murmurs. Examination of the respiratory tract
without further abnormalities. A new electrocardiogram
revealed (Figure 1) anterior ischemia and positive
serialized troponin. Anti-ischemic therapeutic measures

(acetylsalicylic acid 100 mg, clopidogrel 75 mg, sodium
enoxaparin 40 mg every 12 hours, metoprolol succinate
50 mg, atorvastatin 40 mg) were then initiated.

Coronary angiography was chosen (Figure 2) and
30% lesion was found in the proximal third of the left
anterior descending artery and myocardial bridge in
the middle third. Absence of atherosclerotic disease
implied stress echocardiography to assess previous
ischemia possibly caused by the myocardial bypass.
Stress echocardiography (Figure 3) was performed
under physical stress demonstrating grade I diastolic
dysfunction, diffuse hypokinesia with mild systolic
dysfunction, more pronounced hypokinesia in the apical
region and thickened mitral valve with mild regurgitation,
thus contributing to the correlation of this patient’s existing
myocardial bypass with the ischemia findings.

Bisoprolol (beta-blocker) 2.5 mg in the morning and
citalopram (selective serotonin receptor inhibitor) 5 mg
daily were prescribed, with discontinuation of platelet
antiaggregant and anticoagulant, with no recurrence of
in-hospital chest pain. The patient was discharged in
good clinical condition.

Discussion

Itis understood that the clinical and pathophysiological
factors that may unmask or exacerbate myocardial
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Figure 1 - Admission electrocardiogram at the Interventional Cardiology service, showing previous ischemia.
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Figure 2 - Coronary angiography revealing myocardial bypass in the middle third in left axial anterior descending coronary artery
projection during systole.

Figure 3 - Stress echocardiography showing thickened mitral valve with mild regurgitation and diffuse hypokinesia with mild
systolic dysfunction.

bypass are the patient’s age, heart rate, left ventricular mitral valve corroborating studies that favor the onset
hypertrophy and the presence of coronary atherosclerosis.®  of symptoms of chest pain, similar to those of acute
In this regard, the patient in this report has thickened = coronary syndrome. Increased left ventricular diastolic
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dysfunction associated with aging, left ventricular
hypertrophy and coronary atherosclerosis may worsen
not only the mismatch of oxygen supply imposed by
the myocardial bypass but also reduce microvascular
reserve by microvasculature compression.®’

In addition, the patient had generalized anxiety and
diastolic dysfunction and stress echocardiography
revealed that. Similarly, studies clarify that increased
sympathetic activity due to vigorous physical exercise
or situations of emotional stress and anxiety reduce
myocardial flow and perfusion by decreasing diastolic
perfusion time in line with increased epicardial
coronary vasoconstriction and myocardial bypass
contraction over the left anterior descending coronary
artery.® Another factor is the coronary spasm that
persists during diastole because the arterial vascular
smooth muscle relaxation time is delayed compared
to the diastole duration, especially associated with the
aforementioned circumstances, which contributes to
worsening of coronary perfusion.’®

The impairment resulting from diastolic flow has
two secondary pathophysiological consequences
related to heart rate and severity and duration of
epicardial arterial compression. These consequences
are subendocardial/transmural ischemia and septal
ischemia.®® The latter is caused by depressurization
of septal branches within the myocardial bypass,
resulting in decreased intravenous perfusion pressure
due to a Venturi effect. This is elucidated because the
pressure difference starts with the Bernoulli equation,
which can be written as follows: pl + % p.v12 =
constant.’

The terms of this equation are

p = Pressure exerted by the fluid (pa);

p = fluid density (kg/m?);

v = Flow rate (m/s)

As the myocardial bypass creates an environment
with two distinct regions in the left anterior descending
coronary artery, applying this equation gives us: p1 +
Y5 p.v12 =p2 + V5 p.v22. Because the myocardial bypass
area is thinner, it will have a higher flow velocity,
so equality in the Bernoulli equation will only be
maintained if the pressure in this area is lower, which
actually occurs in the septal branches within the
myocardial bypass.’

Several factors have been postulated to explain the
differences between the rates of myocardial bypass
observed at necropsy compared with angiographic

observations. Reasons include: myocardial bypass
thickness and length, reciprocal orientation of the
coronary artery and myocardial fibers, presence
of atheromatous plaques, presence of aortic tract
obstruction (in which the systolic tension that develops
in the myocardial bypass exceeds intracoronary artery
pressure), presence of a proximal coronary obstruction
(which decreases the distal intracoronary pressure),
myocardial contractility status, heart rate at the time
of angiography, and examiner experience.

The original definition and classification of
myocardial bypass was developed with invasive
coronary angiography. On the other hand, due to
the lack of a real gold standard for the diagnosis of
myocardial bypass, several forms of diagnosis were
used to assess its anatomical, morphological and
functional significance. Besides, myocardial bypass
may cause significant diastolic pressure gradients
and artificially normal or negative systolic pressure
gradients. This phenomenon can produce an artificial
increase in the mean pressure used to determine
cardiac injury by using fractional reverse flow
(FRR), which is the measurement of coronary artery
blood flow in the event of some type of obstruction,
resulting in underestimation of the myocardial bypass
hemodynamic significance.! What is observed with
stress echocardiography is that as the myocardial
bypass generates dynamic stenosis caused by
chronotropic and inotropic stimulation, the simple
dilation of the artery with adenosine underestimates
the hemodynamic significance of most bypasses.!
Therefore, this suggests an element of coronary spasm
or fixed stenosis rather than identifying significant
myocardial bypass activity."

When invasive tools to assess the ischemic potential
of myocardial bypass are not available, functional
noninvasive imaging tests may be helpful. Stress
echocardiography, stress magnetic resonance imaging,
single-photon emission computed tomography, and
positron emission tomography can detect myocardial
bypass in the left anterior descending coronary artery.
Compared to others, cardiac magnetic resonance
imaging has a better spatial resolution to detect
segmental and subendocardial perfusion defects.'

Regarding drug treatment, considering the
classification proposed by Schwarz et al.,* described
above, data from a 5-year follow-up based on this
classification showed that types B and C responded
well to beta-blockers or calcium channels antagonists,
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while patients with refractory type C myocardial
bypasses were better treated with stent placement.®
Beta-blockers are considered first-line therapy because
of their negative chronotropic and inotropic effects
and because of decreased sympathetic nervous system
activation by exertion or induction of physical and
emotional stress."?

Vasodilators such as nitroglycerin or sodium
nitroprusside are not recommended because they
may worsen symptoms due to increased systolic
compression of the tunneled artery, induce tachycardia
and proximal vessel dilation, which may worsen
flow reversal in the proximal coronary segment.!
On the other hand, ivabradine reduces heart rate by
specifically inhibiting If-ion channels (activated during
action potential repolarization) and can be considered
as therapy alone or associated with a lower dose of
beta-blockers and calcium channel antagonists.!*

A lifestyle change is recommended because of
the risk of developing myocardial bypass-induced
atherosclerosis. Antiplatelet therapy should be
considered when subclinical atherosclerosis is detected.

Conclusion

Based on previous pathophysiological concerns and
the case report of a rare congenital anomaly, healthcare
and treatment should focus on relieving potential
triggers and hemodynamic disorders that worsen
myocardial bypass, such as hypertension, ventricular
hypertrophy, increased heart rate, reduced diastolic
coronary filling duration, inadequate coronary artery
contractility and compression.”® Consequently, beta-
blockers are considered the first-line therapy because
of their negative chronotropic and inotropic effects,
and because of decreased sympathetic nervous system
activation, either by exertion or induction of physical
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