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SUMMARY 

 

Background: This study aimed to investigate the effects of intracoronary prourokinase thrombolysis combined 

with emergency percutaneous coronary intervention (PCI) on myocardial perfusion and vascular endothelial 

function in patients with acute ST-segment elevation myocardial infarction (STEMI). 

Methods: A total of 104 patients with STEMI were collected from August 2020 to August 2022, and were divided 

into control group and observation group in a random manner. The control group received PCI directly, and the 

observation group received intracoronary prourokinase thrombolytic therapy before PCI. The treatment effects 

were evaluated by measuring the cardiac function indexes, including left ventricular end-diastolic diameter 

(LVEDD), left ventricular end-systolic diameter (LVESD), and left ventricular ejection fraction (LVEF), the TIMI 

myocardial perfusion grade, the vascular endothelial indexes, including soluble intercellular adhesion molecule-1 

(sICAM-1) and soluble vascular cell adhesion molecule-1 (sVCAM-1), the von Willebrand factor (vWF), the myo-

cardial injury indexes, including cardiac troponin I (cTnI), creatine kinase isoenzyme MB (CK-MB), and lactate 

dehydrogenase (LDH), and the inflammatory factors, including myeloperoxidase (MPO), C-reactive protein 

(CRP), and interleukin-6 (IL-6). Furthermore, the treatment safety was assessed by recording the incidence of 

major MACE events, 6 months after the operation. 

Results: After treatment, LVEDD and LVESD were lower in the observation group than in the control group, and 

LVEF was higher (p < 0.05). The TIMI myocardial perfusion grade in the observation group was higher than in 

the control group, after treatment (p < 0.05). The levels of sICAM-1, sVCAM-1, and vWF were higher in the ob-

servation group than in the control group (p < 0.05). The levels of cTnI, CK-MB, and LDH in the observation 

group were lower than those in the control group, 24 hours after surgery. At 3 days after surgery, MPO was lower 

in the observation group than in the control group, and CRP and IL-6 were higher (p < 0.05). The incidence of 

major MACE events in the observation group was lower than that in the control group, 6 months after surgery   

(p < 0.05). There was 1 case of puncture site bleeding in the observation group, 1 case of puncture site bleeding 

and 1 case of subcutaneous ecchymosis in the control group, but no serious bleeding events, such as internal bleed-

ing or cerebral hemorrhage, in the two groups. 

Conclusions: Intracoronary prourokinase thrombolytic therapy combined with emergency PCI can promote the 

recovery of cardiac function, improve myocardial perfusion and vascular endothelial function, and reduce inflam-

mation and the incidence of major postoperative MACE events in acute STEMI patients. 

(Clin. Lab. 2024;70:xx-xx. DOI: 10.7754/Clin.Lab.2024.231137) 
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INTRODUCTION 

 

Acute ST-segment elevation myocardial infarction 

(STEMI) is a common clinical and critical condition 

with a high risk of disability and death. Percutaneous 

coronary intervention (PCI) is the main means of treat-

ment of the disease, which can achieve early revascular-

ization and promote the recanalization of blocked blood 

vessels [1]. However, after coronary artery occlusion, 

capillaries and tiny arteries will be damaged, and micro-

circulation disorders may still occur in the distal is-

chemic area of the coronary artery, even after an effec-

tive treatment [2]. Clinical data show that these patients 

are prone to recurrent myocardial infarction after sur-

gery, which affects their prognosis [3]. As a plasmino-

gen activator, prourokinase can be lysed into double-

stranded urokinase in the human body, which mainly 

acts on the fibrin at the site of a thrombus. After enter-

ing the blood, it can bind to and dissolve the fibrin ad-

sorbed on the fibrin of the thrombus, thus it can restore 

myocardial blood perfusion [4]. At present, there are 

relatively few clinical reports on the combined applica-

tion of recombinant human prourokinase thrombolytic 

scheme and PCI, so it is very important to explore the 

feasibility of the combined application of the two meth-

ods and the impact on the prognosis of patients with 

acute STEMI. Based on this, the purpose of this study 

was to investigate the effects of intracoronary prouroki-

nase thrombolytic therapy combined with emergency 

PCI on myocardial perfusion and vascular endothelial 

function in acute STEMI patients, hoping to support its 

application in the clinical practice. 

 

 

MATERIALS AND METHODS 

 

Clinical data 

A total of 104 patients with STEMI were collected from 

August 2020 to August 2022, and were divided into 

control group and observation group in a random man-

ner. There was no significant difference in the clinical 

data between the two groups (p > 0.05) (Table 1). 

 

Inclusion criteria 

1) Patients had to meet the diagnostic criteria of STEMI 

[5]; 2) age ≤ 75 years; 3) continuous chest pain lasting  

≥ 20 minutes, ST-segment elevation of ≥ 2 mm in at 

least 2 contiguous precordial leads, ST-segment Eleva-

tion of ≥ 1 mm (0.1 mV) in at least 2 inferior leads, or 

new left bundle branch block; 4) all patients or their 

family members signed informed consent; 5) all patients 

exhibit a duration of less than 12 hours from the onset 

of their symptoms to their first medical contact (FMC). 

In the case of patients undergoing direct PCI, the time 

interval from FMC to the administration of PCI is less 

than 2 hours [6]; patients who received thrombolysis 

prior to PCI experienced a duration exceeding 2 hours 

from FMC to PCI [6]; 6) the administration of PCI oc-

curred within a timeframe ranging from 2 to 24 hours 

subsequent to thrombolysis [7]. 

 

Exclusion criteria 

1) Patients with prior craniocerebral tumor disease; 2) 

patients with a history of cerebral hemorrhage; 3) pa-

tients with a history of ischemic stroke within 6 months 

before the enrollment; 4) patients with active bleeding; 

5) patients with an allergic constitution; 6) patients with 

an abnormal coagulation function; 7) patients with an 

extremely poorly controlled or not well-controlled hy-

pertension that cannot be effectively controlled, with 

uncontrolled diabetes or when accompanied by other se-

rious diseases of the system; 8) patients with continuous 

cardiopulmonary resuscitation ≥ 10 minutes within 1 

month; 9) patients with large vascular puncture, who 

could not compress the hemostatic site. 

 

Treatment methods 

Before operation, all patients were given 300 mg of as-

pirin effervescent tablets (AstraZeneca 0.5 x 10 tablets, 

national drug approval number: H32026201) and 180 

mg of ticagrlor (AstraZenecaAB 90 mg, national drug 

approval number: H20120486). PCI was performed di-

rectly, in the control group, and PCI was performed in 

the observation group after treatment with 10 mg of re-

combinant human prourokinase for Injection (Shanghai 

Tasly Pharmaceutical Co., Ltd., specification: 5 mg 

(500,000 IU)/piece, national drug approval number: 

S20110003). 

 

Outcome indicators 

1) Cardiac function indicators: Acuson-Sequoia model 

512 echocardiography system was used for the as-

sessment of the left ventricular end-diastolic diameter 

(LVEDD), left ventricular end-systolic diameter (LVE-

SD), and left ventricular ejection fraction (LVEF) in pa-

tients, both prior to and 7 days following treatment. 

2) Myocardial perfusion: it was classified into grades    

0 - 3, according to TIMI myocardial perfusion grading 

criteria [8]. Grade 0: no contrast agent or very little con-

trast agent into the myocardium. Grade 1: the contrast 

agent entered the myocardia slowly, the microvascular 

myocardial staining was ground glass, or the contrast 

agent staining remained in the myocardia, dominated by 

infarct-related vessels in the next sequence. Grade 2: the 

entry and clearance time of the contrast agent was pro-

longed, the myocardial contrast agent was ground-glass-

like, the myocardial area, dominated by infarct-related 

vessels, was high-density, and the contrast agent was 

not cleared or the density of a small part of the myocar-

dium decreased for 3 cardiac cycles. Grade 3: the con-
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trast agent enters the myocardium normally and is 

quickly cleared without residue. 

3) Vascular endothelial indices: soluble intercellular 

adhesion molecule-1 (sICAM-1), soluble vascular cell 

adhesion molecule-1 (sVCAM-1), and the von Wille-

brand factor (vWF) were determined by ELISA, using 

the Denley Dragon automatic enzyme marker. 

4) Indexes of myocardial injury: the level of cardiac tro-

ponin I (cTnI), before and 24 hours after surgery, was 

detected by implementing the chemiluminescence meth-

od, while that of creatine kinase isoenzyme MB (CK-

MB) and lactate dehydrogenase (LDH) was measured 

by colorimetry. 

5) Inflammatory factors: the levels of myeloperoxidase 

(MPO), C-reactive Protein (CRP), and Interleukin-6 

(IL-6), before and after surgery, were detected by 

ELISA. 

6) Incidence of major MACE events: the incidence of 

MACE events, 6 months after surgery, was analyzed in 

the two groups, including cardiac death, non-fatal myo-

cardial infarction, and revascularization (target vessel 

revascularization and non-target vessel revasculariza-

tion). 

 

Statistical analysis 

All the data were processed by using the SPSS 22.0 

software (IBM Corp., Armonk, NY, USA). The cate-

gorical values were expressed as frequency and com-

pared with the chi-squared test or Fisher's exact test. 

The measurement data were expressed by x̄ ± s and exa-

mined by using Student´s t test. A two-factor analysis of 

variance (ANOVA) was employed to examine the ef-

fects of the treatment method and the time on each para-

meter, followed by the application of the Bonferroni 

multiple comparison test to assess the significance of 

the obtained p-values. Grade data were evaluated by Z 

test. The dependent variable, the MACE events, was 

utilized in the analysis with a significance level of α = 

0.05. Individual variables underwent screening by using 

a univariate Cox risk regression, followed by the identi-

fication of risk factors for MACE through a multivariate 

Cox risk regression. p < 0.05 meant the difference was 

statistically significant. 

 

 

RESULTS 

 

Cardiac function indexes 

Preoperative LVEDD, LVESD, and LVEF indicated no 

significant differences between the two groups (p > 

0.05). LVEDD and LVESD after treatment were lower 

than before treatment, and they were lower in the obser-

vation group than in the control group (p < 0.05). LVEF 

in the two groups was higher after treatment than before 

treatment, and this elevation was more significant in the 

observation group (p < 0.05) (Figure 1). 

 

 

 

Myocardial perfusion indexes 

No significant difference was recorded in TIMI myocar-

dial perfusion grading between the two groups before 

treatment (p > 0.05). TIMI myocardial perfusion grade 

after treatment was higher in both groups than before 

treatment, especially in the observation group (p < 0.05) 

(Table 2). 

 

Vascular endothelial function indexes 

There were no significant differences in the sICAM-1, 

sVCAM-1, and vWF levels between the two groups be-

fore and after treatment (p > 0.05). Both treatment 

methods increased the sICAM-1, sVCAM-1, and vWF 

levels, and combined intracoronary prourokinase throm-

bolytic therapy had a better effect (p < 0.05) (Figure 2). 

 

Myocardial injury indexes 

There were no significant differences in preoperative 

cTnI, CK-MB, and LDH between the two groups (p > 

0.05). The levels of cTnI, CK-MB, and LDH in both 

groups 24 hours after surgery were lower than those be-

fore surgery, and were the lowest in the observation 

group (p < 0.05) (Figure 3). 

 

Inflammatory factors 

Preoperative inflammatory factors showed no signifi-

cant difference between the two groups (p > 0.05). 

MPO of 3 days after surgery was lower than before sur-

gery, and that in the observation group was lower than 

in the control group (p < 0.05). The levels of CRP and 

IL-6 at 3 days after surgery were higher than before sur-

gery, and were higher in the observation group than in 

the control group (p < 0.05) (Figure 4). 

 

Incidence of major MACE events 

The incidence of major MACE events 6 months after 

surgery was lower in the observation group than in the 

control group (p < 0.05) (Table 3). As shown in Table 

4, after adjusting factors such as gender, age, medical 

history, and smoking history, STEMI patients have a 

1.17 times higher risk of developing MACE events after 

direct percutaneous coronary intervention compared to 

percutaneous coronary intervention after thrombolysis. 

 

Incidence of bleeding events 

In total, 1 case of puncture site bleeding occurred in the 

observation group and 1 case of puncture site bleeding 

and 1 case of subcutaneous ecchymosis occurred in the 

control group. No serious bleeding events, such as inter-

nal bleeding or cerebral hemorrhage, occurred in the 

two groups. 

 

 

DISCUSSION 

 

Acute STEMI is a common heart disease based on acute 

coronary artery occlusion. Currently, it is believed that 

the key to the treatment of this disease is to open blood 

vessels as soon as possible to complete the reconstruc-
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Table 1. Comparison of the clinical data between the two groups. 

 

Classification 
Observation group  

(n = 52) 
Control group (n = 52) χ2/t p 

Gender (cases) 0.158 0.691 

Male 31 29   

Female 21 23   

Age (years) 

Co-underlying disease (cases) 59.06 ± 5.58 60.13 ± 6.05 0.937 0.351 

Hypertension 11 9 0.248 0.619 

Diabetes 8 7 0.078 0.780 

Hyperlipemia 13 15 0.195 0.658 

Smoking history (cases) 9 7 0.295 0.587 

Drinking history 11 8 0.580 0.446 

Number of vessels involved (cases) 0.353 0.838 

Single 9 10   

Double 24 21   

Multiple 19 21   

Time from SO-to-FMC (mins) 233.35 ± 36.05 216.58 ± 47.62 0.624 0.052 

 

The categorical variable is denoted as n and was analyzed by using either the chi-squared test or the Fisher's exact test. The continuous vari-

able is expressed as mean ± SD, and its significance is assessed by using the student t-test. p < 0.05 meant the difference was statistically signifi-

cant. SO-to-FMC, symptom onset to first medical contact. 

  

 

 

 
Table 2. Comparison of the myocardial perfusion indexes, before and after treatment, between the two groups. 

 

Groups Time Grade 0 Grade 1 Grade 2 Grade 3 Z p 

Observation 

group 

before treatment 5 10 12 25 
14.962 < 0.001 

after treatment 0 3 6 43 

Control group 
before treatment 4 13 11 24 

5.648 0.017 
after treatment 0 7 11 34 

 

The incidence rate of TIMI myocardial perfusion grade was tested by using the Z-test, α = 0.05. p < 0.05 meant the difference was statistically 

significant. 

 

 

 

 
Table 3. Incidence of major MACE events in the two groups (e.g., %). 

 

Groups n Heart failure Cardiac death 
Nonfatal myocardial 

infarction 
Revascularization 

Total incidence 

(%) 

Observation 

group 
52 1 0 2 1 7.69 

Control 

group 
52 4 1 3 4 23.08 

χ2      4.727 

p      0.03 

 

The incidence rate of MACE events was tested with the chi-squared test. p < 0.05 meant the difference was statistically significant. 
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Table 4. Cox risk regression analysis of events affecting the MACE occurrence. 

 

Univariate Cox regression OR 95% CI p 

Gender (Female) 2.32 0.36 - 10.52 0.285 

Age (> 60) 0.76 0.63 - 3.25 0.732 

Hypertension 1.66 0.93 - 6.89 0.822 

Diabetes 2.54 1.25 - 3.63 0.159 

Hyperlipemia 1.098 0.26 - 2.65 0.352 

Smoking history (yes) 1.25 0.48 - 3.25 0.268 

Drinking history 2.35 0.65 - 2.65 0.752 

Number of vessels involved (≥ 2) 1.85 0.58 - 4.36 0.585 

Time from SO-to-FMC 1.26 1.06 - 2.12 0.026 

Treatment method (directly PCI) 1.94 1.32 - 5.25 < 0.001 

Multivariate Cox regression HR 95% CI p 

Time from SO-to-FMC 1.02 0.68 - 2.01 0.256 

Treatment method (directly PCI) 1.17 1.08 - 2.12 0.035 

 

HR - risk ratio, CI - confidence interval. 

 

 

 

 

 

 

 
 

 
 

Figure 1. Comparison of cardiac function indexes. 
 

Before vs. after treatment, * - p < 0.05; observation group vs. control group after treatment, *# - p < 0.05. 

 

 

 

 

tion of blood circulation in the lesion area and to ensure 

a myocardial perfusion [9,10]. PCI is the preferred treat-

ment method for this disease, which can directly inter-

vene in occlusive blood vessels and effectively open in-

farct-related arteries, thus improve the patients' quality 

of life and prognosis [11]. No reflow is a common com-

plication during PCI, which can increase the incidence 

of arrhythmia and heart failure after myocardial infarc-

tion, and thus increase mortality. It has been reported 

that combined treatment with recombinant human pro-

urokinase can effectively prevent no reflow [12]. Re-

combinant human prourokinase is a precursor of uroki-
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Figure 2. Comparison of vascular endothelial function indexes. 
 

Before vs. after treatment, * - p < 0.05; observation group vs. control group after treatment, *# - p < 0.05. 

 

 

 

 

 
 

 
 

Figure 3. Comparison of myocardial injury indexes. 
 

Before vs. after treatment, * - p < 0.05; observation group vs. control group after treatment, *# - p < 0.05. 

 

 

 

 

nase, a fibrinolytic activator that has no pharmacologi-

cal activity upon entry into the bloodstream, but its spe-

cific structure, double-chain urokinase, is 500 times 

more active. Double-chain urokinase acts on the throm-

bus, causing the plasminogen on its surface to become 

plasminase, which dissolves the thrombus fibrin and 

leaves it exposed. The original single-chain recombi-

nant human prourokinase is used in this area and acts as 

a thrombolytic agent [13,14]. For patients diagnosed 

with STEMI, the prompt initiation of percutaneous co-

ronary intervention (PCI) within a 2-hour timeframe 

from the first medical contact has been shown to yield 
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Figure 4. Comparison of inflammatory factors (mg/L). 
 

Before vs. after treatment, * - p < 0.05; observation group vs. control group after 7 days of treatment, *# - p < 0.05. 

 

 

 

 

improved treatment outcomes [15,16]. Nevertheless, it 

is important to acknowledge that not all healthcare insti-

tutions possess the necessary capabilities to perform 

PCI. In cases where STEMI patients require transfer, 

the administration of thrombolytic drugs should be 

promptly initiated within 10 minutes after the STEMI 

diagnosis, followed by PCI within a window of 2 to 24 

hours subsequent to successful thrombolysis [17,7].In 

this study, LVEDD and LVESD after treatment were re-

duced in the observation group, LVEF was elevated, 

and the myocardial perfusion grade of TIMI was higher, 

suggesting that combined therapy can improve the 

cardiac function and the myocardial perfusion level in 

acute STEMI patients. The reason for this is that PCI is 

a simple physical method to stimulate thrombus rupture 

into microthrombus, so that the microthrombus is swal-

lowed by macrophages at the distal end of the blood 

vessel. It is easy to block the microcirculation vessels, 

resulting in no reflow and slow blood flow phenome-

non, affecting myocardial perfusion, while the combina-

tion of recombinant human prourokinase and PCI can 

open up the blood vessel occlusion by physical and 

chemical methods. The thrombolytic effect of recombi-

nant human prourokinase can improve the blockage of 

microcirculation vessels and the absence of reflow, thus 

improve postoperative myocardial perfusion in patients 

[18,19]. 

Serum sICAM-1 and sVCAM-1 can reflect the vascular 

endothelial function of patients, regulate cell adhesion, 

cause vascular endothelial damage, enhance the activity 

of neutrophils in vivo, initiate patients' autoimmune re-

sponse, induce endothelial cell apoptosis, further aggra-

vate endothelial cell damage during surgery, promote 

the up-regulation of vascular endothelial cell expres-

sion, and make the adhesion molecules between cells 

and blood vessels and leukocyte adhesion molecules act 

on each other, aggravating the microcirculation disorder 

[18]. vWF is the synthesis and storage of vascular endo-

thelial cells and megakaryocytes in the endodermal 

middle layer. Once endothelial cells are injured, they 

will be released into the blood and will then participate 

in the activation of platelets and coagulation process, 

which is considered a specific marker reflecting vas-

cular endothelial injury [20]. The results of this study 

showed that the levels of sICAM-1, sVCAM-1, and 

vWF in the observation group were higher than those in 

the control group 7 days after surgery, suggesting that 

combination treatment could reduce the degree of mic-

rocirculation vessel blockage and improve myocardial 

perfusion. In addition, as a fibrinolytic reagent, prouro-

kinase can play a catalytic role in the formation of fi-

brinase, which can improve the symptoms of thrombus, 

reduce the fibrinogen and fibrin clot, and can play a role 

in the dissolution of thrombus formation and inhibit 

platelet aggregation. Thus, vascular endothelial function 

of patients can be improved [1,21]. 

MPO promotes cholesterol deposition and foam cell 

formation, which can aggravate the process of stent re-

stenosis and atherosclerosis. IL-6 reflects the acute in-

flammatory response of the body and leads to restenosis 

in the scaffold through adhesion of inflammatory cells, 

aggregation of platelets, and proliferation of neointima, 

and can also increase the production of CRP. As a non-

specific inflammatory factor, CRP is a sensitive indica-



ShuHuan Che et al. 

Clin. Lab. 7/2024 8 

tor, regulated by IL-6 and other inflammatory factors, 

and plays a role in promoting the expression of local ad-

hesion factors, thrombosis, and vascular inflammation 

[22,23]. The results demonstrated that cTnI, CK-MB, 

and LDH were lower 24 hours after surgery, MPO was 

lower 3 days after surgery, and CRP and IL-6 were 

higher in the observation group, indicating that com-

bined treatment can reduce the degree of myocardial in-

jury and body inflammation. This is mainly because the 

thrombolytic effect of recombinant human prourokinase 

can alleviate postoperative acute inflammation, and the 

mechanism of coagulation and bleeding will not be af-

fected in the process of thrombolytic, so as to reduce the 

risk of bleeding, protect the damaged myocardial cells, 

and thus reduce the inflammatory response caused by 

myocardial injury. Prourokinase can prevent micro-

thrombus formation, reduce the degree of myocardial 

cell damage, indirectly improve myocardial function, 

and thus reduce the inflammatory response of the body 

[24]. 

Clinical data show that PCI alone cannot completely 

avoid the occurrence of no reflow and MACE, intraop-

erative stent placement and balloon dilation are easy to 

stimulate the primary thrombus, and microthrombus 

formed after thrombus rupture will block microcircula-

tion vessels, resulting in poor myocardial perfusion, and 

increase the rate of surgical failure and the incidence of 

poor prognosis [25]. In this study, the incidence of ma-

jor MACE events was lower in the observation group 

than in the control group 6 months after surgery, indi-

cating that combined therapy could reduce the incidence 

of major MACE events, which is mainly related to the 

improvement of myocardial perfusion and vascular en-

dothelial function. All patients received care within a 

multidisciplinary setting, where all appropriate legal 

treatment plans were administered, ensuring that written 

informed consent was obtained prior to any interven-

tions. Despite providing treatment plans to patients, 

subsequent treatment and echocardiography collection 

and analysis were conducted by physicians, who were 

kept in the dark about the treatment group. The primary 

objective of this study was to minimize bias from the 

treating physicians and the doctors responsible for col-

lecting echocardiographic data. 

Intracoronary prourokinase thrombolytic therapy com-

bined with emergency PCI can promote the recovery of 

cardiac function, improve myocardial perfusion and 

vascular endothelial function, and reduce inflammation 

and the incidence of major postoperative MACE events 

in acute STEMI patients. 
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