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Evaluation of intracoronary function after reduction of ventricular rate by esmolol in severe stenotic myocardial bridge: A case report
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Abstract
BACKGROUND
Severe stenotic myocardial bridges (MBs) have been reported to lead to intracoronary ischaemia, but the physiological evaluation of MBs using intracoronary function evaluation indicators after intraoperative drug treatment has not been fully established.

CASE SUMMARY
We performed through snuff fossa for coronary angiography in a patient with chest tightness after repeated exercise, and the results showed that the middle part of the anterior descending branch was a MB with 100% systolic compression. The intracoronary function evaluation (defined as the ratio of distal coronary pressure to aortic pressure with zero microcirculation resistance) was instantaneous wave-free ratio (IFR) without drug and fractional flow reserve (FFR) with adenosine. The IFR was 0.73, and the FFR was 0.66. Then esmolol 0.02 µg/kg/min was intravenously injected. The IFR and FFR were measured again when the heart rate dropped to 60 beats/min. The IFR was 0.83, and the FFR 0.65.

CONCLUSION
This case report is a case of isolated MB with severe stenosis. After intraoperative drug treatment decreased the ventricular rate, an increase in the coronary function evaluation index was immediately observed to confirm the effective improvement of coronary blood flow.
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Core Tip: Myocardial bridge is one of the causes of myocardial ischaemia, and some studies have found that the degree of ischaemia is positively correlated with the degree of systolic compression. In this case of severe stenosis, after intraoperative drugs reduced the ventricular rate of the patient, the coronary ischaemia improved. This is a relatively novel change in coronary function that was determined by evaluation indices.

INTRODUCTION
Coronary arteries are usually distributed on the surface of the epicardium, and occasionally segmental blood vessels run through the myocardium[1]. When this blood vessel is compressed by 70% in systole and 35% in late diastole, it is called a myocardial bridge[2]. Referring to relevant studies, Myocardial bridge (MB) can cause ischaemia in some patients, and the degree of systolic compression is inversely proportional to coronary flow reserve[3]. It has been proposed that drugs are the first choice for the treatment of MB. For isolated MB with severe stenosis, it is necessary to evaluate the state of coronary blood flow. The main evaluation methods are fractional flow reserve (FFR) and instantaneous wave-free ratio (IFR). FFR is defined as the ratio of distal coronary artery pressure to aortic pressure under the condition of maximal dilatation of small vessels and microvessels in the coronary artery supply area and no significant increase in central venous pressure under the action of adenosine[4]. IFR refers to the ratio of distal mean pressure to mean arterial pressure in diastolic nonwaveform interphase stenosis. This principle uses the blood pressure with the lowest diastolic coronary artery resistance to approximately replace coronary artery blood pressure under the action of adenosine[5,6]. In this case, we describe a case of coronary angiography via the distal radial artery pathway. The results showed that the anterior descending branch MB was associated with 100% systolic compression (Figure 1). After intraoperative drug control of the ventricular rate, the improvement of the coronary ischaemic state was confirmed by changes in the evaluation index of coronary artery function.

CASE PRESENTATION
Chief complaints
A 37-year-old Chinese male was admitted to the hospital with repeated chest tightness for two years

History of present illness
After taking aspirin, tigrenol and atorvastatin calcium before the operation, the patient still showed chest tightness. Since the chest tightness was not alleviated, coronary angiography was performed.

History of past illness
The patient had a history of previous hypertension for 4 years, was not taking medications, denied a history of diabetes and other chronic illnesses, had no history of long-term smoking or hyperlipidaemia, and had no family history of heart disease or other related risk factors for coronary heart disease. 

Personal and family history
No family history of heart disease. 

Physical examination
Physical examination revealed an auscultation heart rate of 74 beats/min and no pathological murmur was found in each valve auscultation area. There was no enlargement of the heart boundary of percussion and no tremor in palpation.

Laboratory examinations
No obvious abnormality in laboratory examination.

Imaging examinations
Twenty-four hours before the operation, the electrocardiogram was normal, and echocardiography showed that the left ventricular systolic function was normal.

FINAL DIAGNOSIS
The results showed that the MB of the middle part of the left anterior descending branch was accompanied by 100% systolic compression, and the rest of the vessels did not have any other significant stenosis (Figure 2). 

TREATMENT
Considering that the symptoms of chest tightness and discomfort may be related to severe stenotic myocardial bridges, intracoronary function evaluation was performed. The pressure was adjusted to 1 when the pressure guide wire entered the root of the aorta. The pressure was measured after the guide wire passed through the diseased segment, and an IFR of 0.72 was measured. Using an adenosine intravenous pump, an FFR of 0.66 was measured after the patient's blood pressure dropped by 10% . The critical values of FFR and IFR were 0.80 and 0.89, respectively. A value less than the critical value indicates that a myocardial bridge caused significant haemodynamic changes. After myocardial bridge surgery, β-blockers were routinely used to reduce the heart rate of the patient. During the operation, we waited for the completion of the basic metabolism of adenosine and injected esmolol 0.02 µg/kg/min intravenously. After the heart rate dropped to 60 beats/min (basal heart rate 75 beats/min), changes in coronary blood flow could be observed. The results of the retest were FFR = 0.65 and IFR = 0.83 (Figure 3).

OUTCOME AND FOLLOW-UP
At the end of the operation, the puncture site was pressed with an elastic bandage to stop bleeding. Three hours later, there were no complications, such as blood oozing and haematoma. The patient was discharged 3 h after operation. After discharge, the patient was treated with metoprolol 47.5 mg qd for one month, and the symptoms of chest tightness were significantly relieved after follow-up.

DISCUSSION
The myocardial bridge is a segment of the coronary artery in the myocardium. Long-term studies have suggested that MB only blocks systolic coronary blood flow[7]. However, some studies have reported that MB is associated with stable angina pectoris, acute coronary syndrome and malignant arrhythmias that may lead to sudden death[8]. Therefore, a full understanding of the haemodynamic significance of MB during surgery is of great significance to guide treatment. There have been a large number of studies evaluating the intracoronary function of myocardial bridges. First, Teragawa et al[8] used FFR and IFR to confirm that myocardial bridges can cause coronary ischaemia and angina pectoris in patients. Second, Ryan and Escaned[9] measured the FFR of patients with myocardial bridges stimulated by baseline and dobutamine. This study ultimately found that the average FFR measurement increased artificially due to excessive systolic blood pressure, and diastolic FFR should be the first choice. Compared with adenosine, dobutamine seems to be more accurate in evaluating myocardial bridge FFR, highlighting the importance of muscle strength in the development of vascular compression. Third, Klues found that a myocardial bridge causes coronary haemodynamic abnormalities by combining intracoronary Doppler blood flow with pressure measurement. This is characterized by a continuous decrease in diastolic diameter, an increase in blood flow velocity and retrograde blood flow, and a decrease in blood flow reserve. However, there are few reports on the evaluation of the intracoronary function of myocardial bridges after intraoperative drug treatment. In this case, the MB was located near the middle part of the anterior descending branch. Here, the muscle bridge is longer, so the degree of systolic compression is more serious. Angiography also indicated that the muscle bridge had a systolic compression of 100%. To understand the blood flow changes of severely stenotic myocardial bridges, intraoperative coronary functional evaluation was used. The decrease in coronary flow reserve has a significant inhibitory effect on diastolic coronary blood flow. There are several possible mechanisms for this effect. One such mechanism is that the blood flow in the proximal end of the myocardial bridge with severe systolic compression can be stopped or even retrograde. This results in a partial decrease in the distal perfusion pressure of the bridging vessel and leads to ischaemia[9]. Vascular contraction and compression of the myocardial bridge segment causes turbulence and high shear stress, which leads to the disturbance of vascular endothelial function, an increase in the expression of vasoactive substances and morphological changes in endothelial cells and smooth muscle cells in this region. This leads to self-repair of the vascular endothelium, thickening of the vessel wall, stenosis of the lumen and a decrease in coronary blood flow reserve. The more serious the systolic vascular compression of the myocardial bridge is, the worse the diastolic diameter recovery, the higher the intracoronary filling pressure, and the lower the blood supply rate., All of these conditions seriously affect the main perfusion period of the coronary artery. Another mechanism by which the coronary flow reserve effects diastolic coronary blood flow occurs when the change in diastolic blood flow is more obvious. An obvious abnormality in flow velocity further leads to a decrease in coronary flow reserve. In this case, the coronary blood flow reserve decreased seriously in the severely narrow myocardial bridge, and the symptoms of myocardial ischaemia, such as chest tightness, became more obvious once the heart rate increased. In the face of isolated MB with such severe stenosis, in addition to percutaneous coronary intervention, coronary artery bypass grafting and surgical unroofing, the main treatment is still drugs. To understand the improvement of coronary artery ischaemia in patients with severe myocardial bridge stenosis, esmolol 0.02 µg/kg/min was injected intravenously during the operation. When the heart rate dropped to 60 beats/min, the FFR and IFR were measured again. FFR was 0.65 and IFR was 0.83. The IFR was significantly higher than it was before treatment, suggesting that the coronary flow reserve was better than before. One possible reason is that esmolol inhibits the automaticity of the sinoatrial node, prolongs atrioventricular conduction and reduces heart rate. Thus the diastolic period is prolonged, the time of myocardial bridge blood supply is prolonged, and the myocardial contractility and myocardial oxygen consumption are reduced. The average peak value, diastolic peak value and maximum instantaneous peak velocity in the myocardial bridge were significantly increased[10]. A second possible reason is that β-blockers can also reduce systemic and intramural pressure to reduce vascular compression in vitro, They can also reduce the indirect effect of sympathetic drive, further improve the state of coronary ischaemia, and relieve ischaemic symptoms, such as chest tightness and chest pain, in patients[11]. Other possible reasons could be a decrease in heart rate, decrease in peak blood flow in early diastole, prolongation of diastolic platform, disappearance of reverse blood flow, recovery of normal diastolic blood flow velocity, and relief of coronary flow reserve.

CONCLUSION
For isolated MB with severe stenosis, it is novel to observe the improvement of coronary blood flow after intraoperative drug therapy is added to reduce ventricular rate. At present, the main treatment is still drugs. However, the applicable types of evaluation methods and the effectiveness of long-term treatment need to be further evaluated by large-scale studies.
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Figure Legends
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Figure 1 16cm terumo sheath tube through snuff fossa for coronary angiography.
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Figure 2 Coronary angiography results. A: Lumen shape of diastolic anterior descending brac. B: The shape of the lumen of the anterior descending branch during systole.
[image: D:\168\编稿\69940\新建文件夹\69940-g003.png]
Figure 3 Fractional flow reserve results before drug therapy. A: Hyperemia fractional flow reserve is 0.66; B: Resting instantaneous wave-free ratio is 0.72; C: Hyperemia fractional flow reserve is 0.65; D: Resting instantaneous wave-free ratio is 0.83.
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