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Abstract

Coronary no-reflow phenomenon is a disorder of the microvasculature that results in poor myocardial perfusion
in patients with acute myocardial infarction receiving percutaneous coronary intervention. It typically manifests as
TIMI 1-2 flow, high TIMI frame counts, and abnormal myocardial blush. The etiology of this condition is multifactorial
and so is its treatment. It is encountered in approximately one-third of patients and is therefore of clinical relevance.
In this case report, we describe a patient scenario with this condition in which the standard therapy was provided but
failed to achieve normal perfusion despite repeat attempts. We also discuss different pharmacological therapies that
compose the standard therapy and other adjunctive remedies that have been proven to be beneficial.
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Introduction

Coronary no-reflow phenomenon is a disorder of the
microvascular bed that results in poor perfusion of the myocardium
despite revascularization of the epicardial coronary artery during
an acute myocardial infarction [1,2]. After percutaneous coronary
intervention (PCI), epicardial coronary filling is assessed using
the Thrombolysis In Myocardial Infarction risk score (TIMI) flow
grading system, TIMI frame count, and myocardial blush grading
[2,3]. Coronary slow-reflow or no-reflow is diagnosed when TIMI
flow grades of 1 or 2, high TIMI frame count, or abnormal myocardial
blush is observed immediately post PCI [2]. The phenomenon occurs
in approximately 30% of patients receiving PCI for acute myocardial
infarction [4,5]. The proposed etiology of coronary no-reflow
phenomenon is multifactorial and includes distal embolization of
thrombus fragments during PCI, inflammation of the endothelium
leading to microvascular dysfunction, reperfusion injury, and
vasospasm [6-8]. Therefore, its treatment is founded in the proposed
pathophysiology. In this case report we discuss a patient scenario in
which coronary no-reflow phenomenon was observed and managed
in the cardiac catheterization laboratory.

Patient Scenario

A 42-year-old otherwise healthy male presents with symptoms
reminiscent of typical angina. He describes the pain as a substernal
heavy pressure that radiates to his left arm, associated with diaphoresis,
nausea, and tingling in his fingers. Upon driving himself to the chest
pain center of our university hospital, he is noted to be hypertensive
and with no ischemic changes on electrocardiography. Initial serum
cardiac biomarkers returned negative. His pain was minimally relieved
with sublingual nitroglycerin tablets.

Upon solicitation of a more detailed history, it became apparent
that his father had suffered from an acute myocardial infarction at the
age of 50. The patient himself was an active tobacco and marijuana user,
and although he had not been diagnosed with any medical conditions
prior to this, he was noted to be hyperglycemic on admission.

As part of the work-up in the chest pain center, a computed
tomography angiography of the heart suggested a total occlusion of the
left circumflex artery just distal to the first obtuse marginal branch with
hypo attenuation of the subtended myocardium concerning for acute
myocardial infarction (Figure 1). Shortly after the result of this scan, his

serum cardiac biomarkers began to rise. At this point, the decision was
made to transition the patient to the cardiac catheterization laboratory
for urgent catheterization.

Coronary angiography revealed an occluded large caliber
atrioventricular circumflex artery (Figure 2). Due to the total occlusion,
aspiration thrombectomy was performed to assist in the passage of the
stent and balloon catheters across the lesion. Intravascular ultrasound
demonstrated an aneurysmal segment within the area of stenosis. The
lesion was then treated with pre-dilation followed by deployment of a
drug-eluting stent, and post-dilation of the distal vessel utilizing low
pressure.

At this point, coronary slow-reflow was observed even though the
patient was chest pain free. Repeat doses of intracoronary nicardipine
and nitroglycerin were administered in conjunction with repeat balloon
angioplasty. Despite all efforts, the final angiogram demonstrated TIMI
II flow at best (Video 1).

Discussion

The development of coronary no-reflow phenomenon has been
associated with several pre-procedural and intraoperative risk factors.
Age, tobacco use, door-to-balloon time, initial perfusion defect,
previous myocardial infarction, serum creatinine, C-reactive protein
levels, left ventricular ejection fraction and Killip classification score
have been associated with this condition [9]. Our patient although very
young, did possess these certain risk factors including smoking, and
a delayed door-to-balloon time as his electrocardiogram was normal
on presentation and coronary catheterization was pursued urgently
rather than emergently. Circumflex coronary artery occlusions tend
to be silent and treatment is often delayed because of absence of
electrocardiographic changes.
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Figure 1: Computed tomography angiography of the heart. Panel A depicts the normal course of the left circumflex coronary artery in green. Panel B depicts the
missing left circumflex coronary artery due to a total occlusion as shown by the green arrow-heads.

Figure 2: Coronary angiography depicting the total occlusion of the circumflex
coronary artery as shown by the black arrow-heads.

Additionally, acute hyperglycemia (regardless of the diagnosis of
diabetes mellitus), and hypertension are strongly associated with the
development of coronary no-reflow [10-12]. Although our patient’s
serum glucose levels were not as high as the patient population studied
by Iwakura and colleagues, it may have played a role.

Once coronary no-reflow phenomenon is observed in the cardiac
catheterization lab, certain pharmacologic therapies have been
proposed and shown to be of benefit, as discussed below.

Standard pharmacologic therapies

The pharmacologic treatment of coronary no-reflow revolves
around the multifactorial pathophysiology of the condition. Typically,
multiple agents are used in conjunction with non-pharmacologic
techniques in the cardiac catheterization laboratory.

Adenosine has been studied extensively for its vasodilatory effect
when injected into the coronary arteries, and also its properties

Video 1: Coronary angiography depicting the final result of percutaneous coronary
intervention with coronary slow-reflow.

that result in inhibition of platelet aggregation and thromboemboli
formation [13-15]. However, its short half-life, and potential side effect
of atrioventricular nodal blockade and hypotension may limit its use
and benefit [16]. Nonetheless, it remains as an available therapy for
coronary no-reflow phenomenon.

Sodium nitroprusside and other nitrates alike, when given
intracoronary, results in a greater and more prolonged vasodilation
and myocardial hyperemia [17]. Several meta analyses have confirmed
the benefit of intracoronary sodium nitroprusside for the prevention
and treatment of coronary no re-flow phenomenon [18,19].

Nondihydropyridine calcium channel blockers have been studied
and shown to be beneficial in treating this condition [20]. However,
nicardipine, a dihydropyridine calcium channel blocker, has been
shown to be very successful in treatment of coronary no-reflow given
its safer profile in regards to negative ionotropy which limit the usage
and frequent dosing of its counterpart nondihydropyridine calcium
channel blockers diltiazem and verapamil [21].
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Other pharmacologic therapies

In patients who are on chronic aspirin therapy prior to an acute
myocardial infarction and PCI, less coronary no-reflow has been
observed [22]. Similarly, anti-platelet therapy with P2Y12 inhibitors
has also been associated with mitigation of this condition given its
mechanisms responsible for inhibition of platelet aggregation [23].
Furthermore, glycoprotein IIb/IIla inhibitors, such as abciximab,
have been used successfully to improve microcirculation by reducing
thrombus burden and lessening distal embolization of thrombus
fragments during PCI [24].

Agents such as cyclosporine-A, FX06 (a human fibrin peptide),
pexelizumab, and dabigatran have also been studied in this
phenomenon with variable results [25-28]. Unfortunately, these
therapies as compared to the aforementioned standard therapies have
not received much traction in practice.

Liraglutide has been recently studied in human models and noted
to reduce incidence of coronary no-reflow, an effect that has been
attributed to its ability in reducing inflammation and endothelial
dysfunction by regulating peri-procedural serum glucose levels [29].
Endogenous erythropoietin levels have also been associated with
improved microvascular function through reduction in inflammation
and apoptosis, and increases in nitric oxide within the vascular bed
[30]. Though both are innovative in their approach and application,
further research and randomized controlled trials are needed to study
their benefit in human subjects.

Finally, nicorandil, a mitochondrial potassium channel modulator
and nicotamide nitrate, has proven its great efficacy in multiple
international studies for the treatment of coronary no-reflow with
associated improvement in left ventricular ejection fraction and filling
pressures over time [31,32]. Nicorandil is currently not available in the
United States.

Conclusion

In this case study, we describe a patient scenario of silent myocardial
infarction with delayed treatment for acute occlusion of circumflex
artery. Despite reperfusion, the patient experienced coronary slow-
reflow phenomenon. With multiple Balloon Angioplasties and the
use of intracoronary nicardipine and nitroglycerin, the slow-reflow
phenomenon improved from TIMI 0 to TIMI II flow. As discussed
above, several modifiable and non-modifiable factors may have
resulted in the development of this condition. The current standard of
care falls short in identifying patients who are at high risk for coronary
reflow and the treatment options are limited. Given the high incidence
of this phenomenon, further investigation into the pathophysiology
and treatment of this condition is needed.
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