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Abstract
BACKGROUND
Acute myocardial infarction (AMI) is a leading cause of mortality. Early reperfusion to restore blood flow is crucial to successful treatment. In the current reperfusion regimen, an increasing number of patients have benefited from direct percutaneous coronary intervention (PCI). In order to understand whether there is a correlation between the components of coronary thrombosis and the absence of reflow or slow blood flow after coronary stent implantation in direct PCI, we collected data on direct PCI cases in our hospital between January 2016 and November 2018.

AIM
To investigate the correlation between intracoronary thrombus components and coronary blood flow after stent implantation in direct PCI in AMI. 

METHODS 
We enrolled 154 patients (85 male and 69 female, aged 36–81 years) with direct PCI who underwent thrombus catheter aspiration within < 3, 3–6, or 6–12 h of onset of AMI between January 2016 and November 2018. The thrombus was removed for pathological examination under a microscope. The three groups of patients based on of the three groups according to the onset time of AMI were further divided into those with a white or red thrombus. The thrombolysis in myocardial infarction (TIMI) blood flow after stent implantation was recorded based on digital subtraction angiography during PCI. The number of patients with no-reflow and slow blood flow in each group was counted. Statistical analysis was performed based on data such as onset time and, thrombolysis in myocardial infarctionTIMI blood flow. 

RESULTS
There were significant differences in thrombus components between the patients with acute ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction (P < 0.01). In the group with PCI < 3 h after onset of AMI, there was no significant difference in the incidence of no-reflow and slow-flow between the white and red thrombus groups. In the groups with PCI 3-6 and 6-12 h after onset of AMI, there was a significant difference in the incidence of no-reflow and slow-flow between the white and red thrombus groups (P < 0.01). There was a significant correlation between the onset time of AMI and the occurrences of no-reflow and slow blood flow during PCI (P < 0.01). 

CONCLUSION
In direct PCI, the onset time of AMI and color of coronary thrombus are often used to predict whether there will be no reflow or slow blood flow after stent implantation.
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Core tip: We investigated the correlation between intracoronary thrombus components and coronary blood flow after stent implantation in direct percutaneous coronary intervention (PCI) in acute myocardial infarction (AMI). A total of 154 patients with direct PCI who underwent thrombus catheter aspiration within < 3, 3-6, or 6-12 h of onset of AMI were included. There was a significant correlation between the onset time of AMI and the occurrence of no reflow and slow blood flow during PCI. In direct PCI, the onset time of AMI and color of coronary thrombus may predict whether there will be no reflow or slow blood flow after stent implantation.
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INTRODUCTION
Acute myocardial infarction (AMI) is a critical illness with high mortality. Early reperfusion to restore blood flow is the key to successful treatment[1]. In the current reperfusion regimen, an increasing number of patients have benefited from direct percutaneous coronary intervention (PCI). However, as well asin addition to some coronary revascularization, there have been some cases of coronary artery no-reflow or slow blood flow after stent implantation in direct PCI[2-6]. In order to understand whether there is a correlation between the components of coronary thrombosis and the absence of reflow or slow blood flow after coronary stent implantation in direct PCI, we collected data on direct PCI cases in our hospital between January 2016 and November 2018.

MATERIALS AND METHODS
Patients
We enrolled 154 patients with AMI who were admitted to our hospital between January 2016 and November 2018. Patients underwent direct PCI within 12 hours of onset of AMI with aspiration catheterization and stent implantation. There were 85 men and 69 women, aged 36–81 years (mean age 59.8 years). There were 116 patients with acute ST-segment elevation myocardial infarction (STEMI), 38 with acute non-ST-segment elevation myocardial infarction (NSTEMI), 85 with right coronary artery infarction, 47 with left anterior descending artery infarction, and 22 with left circumflex artery infarction.

Methods
Grouping: All patients were divided into three3 groups according to the time of AMI onset: < 3, 3-6, and 6-12 h. According to electrocardiography and coronary angiography, the patients were further divided into acute STEMI and acute NSTEMI groups.

Coronary angiography: The coronary condition and thrombolysis in myocardial infarction (TIMI) blood flow were recorded using the JUDKINS method. TIMI blood flow was graded as follows: Level 0, complete occlusion of the diseased blood vessels, no contrast agent was passed, and the distal myocardium was completely non-perfused; Level 1, the diseased blood vessels had a small amount of contrast agent and blood flow, but the distal arterial vascular bed was not fully developed; Level 2, the contrast agent slowly passed through the stenosis or was delayed at the distal end of the stenosis, the distal segment was developed, and the distal myocardium was perfused, that is, the distal vascular bed was fully developed after three3 cardiac cycles; Level 3, the contrast agent rapidly filled the blood vessel and was rapidly emptied, and all distal myocardial perfusion was complete, that is, the distal vascular bed was fully developed within three3 cardiac cycles. Patients with TIMI blood flow Level 0–2 had no reflow and slow blood flow[7]. The severity of coronary thrombosis load was assessed according to the following 6 points: (1) aA long thrombus >3 times the inner diameter of the reference vessel; (2) a strip-shaped thrombus with a length of > 5 mm at the proximal end of the occlusion; (3) a floating thrombus at the proximal end of the occlusion; (4) inner luminal diameter > 4.0 mm; (5) occlusion of the proximal vessel without abrupt blunt occlusion; and (6) contrast agent retention in the distal end of the occluded vessel[8].

PCI: Signed informed consent was obtained from each patient before surgery, and the double-resistance load was given (aspirin 300 mg and ticagrelor 180 mg orally). For patients older than 75 years, aspirin 300 mg and clopidogrel 300 mg were given orally. The appropriate guiding catheter was inserted into the coronary artery associated with the lesion of the offender and guided the wire to the distal end of the coronary artery through the lesion. , and tThe Export AP thrombus aspiration catheter was passed to the lesion through the guiding wire, and pumping was repeated three3 to five5 times from the proximal end to the distal end of the lesion. According to angiography after aspiration of the thrombus, stent implantation was performed in patients with residual stenosis > 75%. The intraoperative TIMI myocardial perfusion grade was recorded, and the number of cases without reflow or slow blood flow was recorded. In patients with no reflow or slow blood flow, tirofiban and sodium nitroprusside were given intracoronally through the aspiration catheter to improve blood flow. Typical cases are shown in Figure 1 and Figure 2.

Observation of thrombus components: The thrombus was extracted from the coronary artery and initially observed with the naked eye. The thrombi were classified as white or red, which was confirmed by fixed section microscopy (Figure 3 and Figure 4).

Statistical analysis
Statistical analysis was performed using SPSS version 19.0 software (Armonk, NY, United States). Normal distribution measurement data are expressed as mean ± standard deviationSD. The Chi-square test was used to compare the data between the groups. P < 0.01 was considered statistically significant.

RESULTS
In the NSTEMI group, 28 cases of white thrombus and 10 of red thrombus were extracted. In the STEMI group, four4 cases of white thrombus and 112 of red thrombus were extracted. There was a significant difference in the thrombus components between the two groups (P < 0.01), as shown in Table 1. In the group with PCI at < 3 h after onset of AMI, there were four4 cases of white thrombus (one1 had no reflow and slow blood flow), and 27 cases of red thrombus (none had no reflow and slow blood flow). There was no significant difference in the incidence of no reflow and slow blood flow after stent implantation between the two subgroups (P > 0.05). In the PCI at 3-6 and 6-12 h after onset of AMI, there were 28 cases of white thrombus (20 patients had no reflow and slow blood flow), and 95 cases of red thrombus (15 patients had no reflow and slow blood flow). There was a significant difference in the incidence of no reflow and slow blood flow after stent implantation between these two subgroups (P < 0.01), as shown in Table 2. There was a significant correlation between the time of PCI after onset of AMI and the occurrence of no reflow and slow blood flow (P < 0.01), as shown in Table 3.

DISCUSSION
The main cause of AMI is acute or secondary occlusion of the coronary artery. Early, effective, and continuous opening of infarct-related blood vessels and restoration of effective blood perfusion can reduce the area of necrotic myocardium and reduce mortality[9]. Reperfusion of the myocardium by primary PCI is currently the preferred treatment for AMI. However, with the increasing use of primary PCI, some patients have no reflow or slow blood flow in infarct-related blood vessels after emergency stent implantation[10,11]. No reflow or slow blood flow refers to the phenomenon of no blood flow or slow blood flow after infarction-related coronary artery treatment by stent or balloon, resulting in no perfusion or hypoperfusion of myocardial tissue. 
The exact mechanism of no reflow or slow blood flow is not fully understood at present. It is not the result of simple mechanical microcirculation embolism, but the comprehensive consequences caused by the interaction of various pathophysiological mechanisms. The main mechanisms are currently considered to include: mMyocardial ischemic injury, myocardial reperfusion injury, distal coronary artery embolization, and microcirculatory injury. Myocardial ischemia can cause damage to vascular endothelial cells and trigger a cascade of cytokines. Ischemia causes damage to the vascular endothelium, adhesion of neutrophils and platelets, and causes stenosis or occlusion of the lumen, further aggravating microcirculatory disorders. During myocardial reperfusion, a series of changes have occurred, such as calcium overload, increased oxygen free radical production, inflammatory cell infiltration, and activation of apoptotic signaling pathways; these changes aggravate ischemia and form a vicious circle. In patients with AMI undergoing direct PCI, due to balloon pre-expansion or stent implantation, unstable intracoronary plaque rupture or microparticles (such as microthrombus of platelets) decrease, leading to vascular obstruction in the distal coronary artery. When the number of particles is < 25 or the diameter of the particles is < 200 μm, it generally does not cause microvascular obstruction. When the number of particles is 25-200 or the particle diameter is > 200 μm, it can cause severe microvascular obstruction. At the same time, thromboxane or angiotensin released by the plaque substance may further lead to microcirculatory disorders[12-15]. 
Different patients have different mechanisms at different pathological stages. Patients with myocardial no reflow after emergency PCI have individual differences, which may be related to genetic susceptibility, and smoking, hypertension, hyperlipidemia, and diabetes may also be unfavorable factors for the no-reflow phenomenon[16,17]. The same patient may have multiple different mechanisms at the same time. TIMI blood flow grading is commonly used in clinical evaluation. Coronary artery angiography TIMI blood flow Level 0 is no reflow, while Levels 1 and 2 are slow blood flow. A large number of clinical studies have found that the incidence of no reflow or slow blood flow in primary PCI is estimated to be 20%-30% with TIMI blood flow grading[18]. The rate of no reflow or slow blood flow estimated by microperfusion such as myocardial contrast echo is as high as 34%-39%[19,20], which can cause an increase in myocardial infarct size, continuous reduction of ventricular function, and further increased mortality[21-23]. The incidence is higher in patients with high thromboembolic lesions[24,25].
In conclusion, we found that there was a significant correlation between the onset time of AMI and no reflow and slow blood flow during surgery. The longer onset time of AMI, the higher the incidence of no reflow or slow blood flow. There was a significant difference in the thrombus components between acute STEMI and acute NSTEMI. Patients with acute STEMI had mainly red thrombus, while those with acute NSTEMI had mainly white thrombus, which was closely related to the mechanism of different types of AMI. In patients with PCI at > 3 h after onset of AMI, those with white thrombus were more likely to have no reflow and slower blood flow after stent implantation than patients with red thrombosis. This can predict whether there is no reflow or slow blood flow after stent implantation. At present, the prevention and treatment of microcirculatory disorders and coronary no reflow are limited[26-32]. Therefore, in patients with hyperthrombotic lesions that achieve complete recanalization of infarcted coronary arteries, pre-coronary administration of drugs, such as glycoprotein IIb/IIIa receptor antagonists or sodium nitroprusside, should be fully evaluated based on the nature of the thrombus extracted from the coronary arteries. Calcium antagonists[33,34] are important to reduce the occurrence of slow blood flow or no reflow.

ARTICLE HIGHLIGHTS
Research background
Acute myocardial infarction (AMI) is a leading cause of mortality. Early reperfusion to restore blood flow is crucial to successful treatment. An increasing number of patients have benefited from direct percutaneous coronary intervention (PCI). However, coronary artery no-reflow or slow blood flow after stent implantation and coronary revascularization occurred in direct PCI in some cases. The exact mechanism of no reflow or slow blood flow remains unclear

Research motivation
Although in the current reperfusion regimen, an increasing number of patients have benefited from direct PCI, there have been some cases of coronary artery no-reflow or slow blood flow after stent implantation in direct PCI as well as coronary revascularization. The exact mechanism of no reflow or slow blood flow is still unclear. In order to understand whether there is a correlation between the components of coronary thrombosis and the absence of reflow or slow blood flow after coronary stent implantation in direct PCI, we collected data on direct PCI cases in our hospital between January 2016 and November 2018.

Research objectives 
This study aims to investigate the correlation between intracoronary thrombus components and coronary blood flow after stent implantation in direct PCI in AMI.

Research methods
A total of 154 patients with direct PCI who underwent thrombus catheter aspiration within < 3, 3–6, or 6–12 h of onset of AMI between January 2016 and November 2018 were included. The thrombus was removed for pathological examination. The patients of three groups according tobased on the onset time of AMI were further divided into those with a white or red thrombus. The thrombolysis in myocardial infarction (TIMI) blood flow after stent implantation was recorded based on digital subtraction angiography during PCI. The number of patients with no-reflow and slow blood flow in each group was counted. Statistical analysis was performed on the onset time, thrombus component, and thrombolysis in myocardial infarctionTIMI blood flow. 

Research results
There were significant differences in thrombus components between the patients with acute ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction (P < 0.01). In the group with PCI < 3 h after onset of AMI, there was no significant difference in the incidence of no-reflow and slow-flow between the white and red thrombus groups. In the groups with PCI 3–6 and 6–12 h after onset of AMI, there was a significant difference in the incidence of no-reflow and slow-flow between the white and red thrombus groups (P < 0.01). There was a significant correlation between the onset time of AMI and the occurrence of no-reflow and slow blood flow during PCI (P < 0.01). 

Research conclusions
There was a significant correlation between the onset time of AMI and no reflow and slow blood flow during surgery. There was a significant difference in the thrombus components between acute ST-segment elevation myocardial infarction (STEMI) and acute non-ST-segment elevation myocardial infarction (NSTEMI). Patients with acute STEMI had mainly red thrombus, while those with acute NSTEMI had mainly white thrombus, which was closely related to the mechanism of different types of AMI. In patients with PCI at > 3 h after onset of AMI, those with white thrombus were more likely to have no reflow and slower blood flow after stent implantation than patients with red thrombosis. This can predict whether there is no reflow or slow blood flow after stent implantation. In patients with hyperthrombotic lesions that achieve complete recanalization of infarcted coronary arteries, pre-coronary administration of drugs, such as glycoprotein IIb/IIIa receptor antagonists or sodium nitroprusside, should be fully evaluated based on the nature of the thrombus extracted from the coronary arteries. Calcium antagonists can help reduce the occurrence of slow blood flow or no reflow.

Research perspectives
In direct PCI, the onset time of AMI and color of coronary thrombus are often used to predict whether there will be no reflow or slow blood flow after stent implantation. However, the exact mechanism of no reflow or slow blood flow is not fully understood. Multiple pathophysiological mechanisms might be involved, including myocardial ischemia, myocardial reperfusion injury, distal coronary artery embolization, and microcirculatory injury. More prospective studies are needed to be carried out in the future in AMI patients with direct PCI after stent implantation.
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Table 1 Thrombus extraction in patients with percutaneous coronary intervention at different acute myocardial infarction onset time in non-ST-segment elevation myocardial infarction and ST-segment elevation myocardial infarction groups, n (%)
	Groups
	White thrombus
	< 3 h
	3–6 h
	6–12 h

	NSTEMI (38 cases)
	Yes
	3 (50.0)
	12 (75.0)
	13 (81.25)

	
	No
	3 (50.0)
	4 (25.0)
	3 (18.75)

	STEMI (116 cases)
	Yes
	1 (4.00)
	1 (1.92)
	2 (5.13)

	
	No
	24 (96.0)
	51 (98.08)
	37 (94.87)

	Fisher
	
	
	37.662
	29.418

	P value
	
	0.016
	< 0.001
	< 0.001


NSTEMI: Non-ST-segment elevation myocardial infarction; STEMI: ST-segment elevation myocardial infarction.



Table 2 Relationship between different thrombus properties and incidence of no-reflow and slow blood flow after percutaneous coronary intervention at different acute myocardial infarction onset time, n (%)
	Subgroups
	No reflow or slow blood flow
	 < 3 h
	3-6 h
	 6-12 h

	White thrombus (32 cases)
	No
	3 (75.0)
	5 (38.46)
	3 (20.0)

	
	Yes
	1 (25.0)
	8 (61.54)
	12 (80.0)

	Red thrombus (122 cases)
	No
	27 (100)
	50 (90.91)
	30 (75.0)

	
	Yes
	0 (0)
	5 (9.09)
	10 (25.0)

	Fisher
	
	
	15.467
	13.75

	P value
	
	0.143
	< 0.001
	< 0.001






Table 3 Relationship between acute myocardial infarction onset time and no reflow and slow blood flow during operation, n (%) 

	No reflow or slow blood flow
	 < 3 h
	 3-6 h
	 6-12 h
	Chi-square
	P value

	Yes (36 cases)
	1 (3.23)
	13 (19.12)
	22 (40.0)
	16.201
	< 0.001

	No (121 cases)
	30 (96.7)7
	55 (80.88)
	33 (60.0)
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Figure 1 Thrombus aspiration and stent implantation with complete occlusion of the right coronary artery.
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Figure 2 Thrombus aspiration and stent implantation for complete occlusion of the left anterior descending coronary artery.
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Figure 3 Pathological picture of white thrombus extracted during percutaneous coronary intervention. Hematoxylin and eosin staining, 40×.
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Figure 4 Pathological picture of red thrombus extracted during percutaneous coronary intervention. Hematoxylin and eosin staining, 40×.
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