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Introduction

ST-segment elevation myocardial infarction 
(STEMI) is a severe stenosis/occlusion of the lumen 

RESEARCH ARTICLE

Abstract

Objective: This study was aimed at investigating the effects of preoperative treatment with a loading dose of statins 
combined with a PCSK9 inhibitor on coronary blood perfusion and short-term cardiovascular adverse events in patients 
with ST-segment elevation myocardial infarction (STEMI).
Method: Sixty-five patients with STEMI who had visited the Shanxi Cardiovascular Disease Hospital between May 
2018 and May 2021 were enrolled in the study. The enrolled patients had no history of oral statins or antiplatelet therapy. 
The patients were divided into a combined treatment group (loading dose of statins combined with PCSK9 inhibitors, 35 
patients) and a routine treatment group (loading dose of statins only, 30 patients). The primary endpoints were thrombolysis 
in myocardial infarction (TIMI) blood flow grading, corrected TIMI frame count (CTFC), and TIMI myocardial perfusion 
grading (TMPG), immediately after and 30 days after the operation. The secondary endpoint was a composite endpoint of 
cardiovascular death, nonfatal myocardial infarction, and target vessel revascularization 30 days after the operation.
Results: The combined treatment group had significantly lower CTFC (14.09 ± 8.42 vs 26 ± 12.42, P = 0.04) and better 
TMPG (2.74 ± 0.61 vs 2.5 ± 0.73, P = 0.04) than the routine treatment group immediately after the operation. Similarly, 
the combined treatment group had a significantly lower CTFC (16.29 ± 7.39 vs 26.23 ± 11.53, P = 0.04) and significantly 
better TMPG (2.94 ± 0.24 vs 2.76 ± 0.43, P = 0.01) than the routine treatment group 1 month after the operation.
Conclusion: Preoperative treatment with a loading dose of high-intensity statins combined with PCSK9 inhibi-
tors increased coronary blood flow and myocardial perfusion after emergency thrombus aspiration in patients with 
STEMI. However, the treatment did not significantly decrease the incidence of cardiovascular death, nonfatal myocar-
dial infarction, or target vessel revascularization.
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caused by acute thrombosis of the coronary artery, 
thus resulting in myocardial ischemia and necro-
sis. Preoperative intensive dose statin therapy and 
thrombus aspiration can effectively avoid the occur-
rence of slow blood flow and an absence of reflow in 
infarct-associated coronary arteries during primary 
percutaneous coronary intervention (PPCI) [1]. 
Unfortunately, nearly 10% of patients cannot achieve 
thrombolysis in myocardial infarction (TIMI) 3 
blood flow even after receiving PPCI. Coronary 
blood flow in patients with STEMI is closely cor-
related with short- and long-term prognosis.

Recently, several studies on lipid-lowering 
mechanisms have focused on a class of drugs that 
inhibit proprotein convertase subtilisin/kexin type 
9 (PCSK9), because they have shown good lipid- 
lowering effects [2]. Previous studies have sug-
gested that a combination of PCSK9 inhibitors with 
the maximum tolerated statin dose improves the out-
comes of atherosclerotic cardiovascular disease [3]. 
In addition, PCSK9 inhibitors have been found 
to improve endothelial cell function in patients at 
high risk of cardiovascular disease by regulating 
low-density lipoprotein cholesterol (LDL-C) [4]. 
Therefore, PCSK9 inhibitors can play major roles 
in improving myocardial perfusion, because they 
have effects in lipid lowering, plaque stabilization 
and endothelial function improvement [5]. Because 
of the relatively limited number of similar studies 
in China, the aim of this study was to determine 
the effects of preoperative administration of high 
dose statins in combination with PCSK9 inhibitors 
on coronary blood flow, myocardial perfusion and 
short-term prognosis in patients with STEMI with-
out a history of statin therapy.

Data and Methods

Participants

Sixty-five patients with STEMI who under-
went emergency thrombus aspiration at Shanxi 
Cardiovascular Disease Hospital between May 
2018 and May 2021 were enrolled in this study. 
The inclusion criteria were as follows: patients 
with acute STEMI who had undergone emergency 
thrombus aspiration; and men or non-pregnant 
women over 18 years of age (inclusive) and under 

80 years of age with no history of statin therapy. All 
enrolled patients provided signed informed consent 
to participate in the trial after approval by the eth-
ics committee. The exclusion criteria were as fol-
lows: combined cardiogenic shock; severe valvular 
heart disease; cardiomyopathy; antithrombotic con-
traindications including bleeding tendency, active 
peptic ulcers, a history of hemorrhagic stroke and 
ischemic stroke within 6 months; multiple organ 
failure; advanced tumors; contrast agent allergies; 
and patient inability to follow the study protocol.

Research Methods

The patients providing signed informed consent were 
divided into a group receiving high-intensity statins 
(routine treatment group) and a group receiving high-
intensity statins combined with PCSK9 inhibitors 
(combined treatment group), according to whether 
they received pretreatment with PCSK9 inhibitor 
before the emergency intervention. Thirty patients 
in the routine treatment group received preoperative 
doses of 40 mg atorvastatin calcium tablets (Lipitor, 
Pfizer Inc.) or 20 mg rosuvastatin calcium tablets 
(Cordine, Astra Zeneca Inc.). In the combined treat-
ment group, 35 patients were injected with 140 mg 
evolocumab (Repatha, Amgen Manufacturing 
Limited; same below) and received preoperative 
doses of 40 mg atorvastatin calcium tablets (Lipitor, 
Pfizer Inc) or 20 mg rosuvastatin calcium tablets 
(Cordine, Astra Zeneca Inc.). Both groups were given 
atorvastatin calcium tablets (20 mg/day) or rosuvas-
tatin calcium tablets (10 mg/day) postoperatively.

All patients were given a loading dose of 300 mg 
aspirin and 300–600 mg clopidogrel or 180 mg tica-
grelor before PPCI. Bivalirudin was administered 
intravenously at 1.75 mg/kg/h during the opera-
tion, whereas platelet glycoprotein IIb/IIIa receptor 
antagonist (tirofiban) was applied according to the 
specific conditions, such as the patient has severe 
coronary thrombus burden. All patients who under-
went thrombus aspiration had less than 30% coro-
nary artery stenosis immediately after the opera-
tion, and optical coherence tomography indicated 
that the coronary artery dissection was not deep in 
the tunica media. Balloon dilation and stent implan-
tation were not performed during the operation.

(1) Detailed baseline clinical data, angiographic 
information, and the nosocomial prognosis of the 
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enrolled patients were collected, and coronary angi-
ography findings were reviewed 30 days after the 
operation. The primary endpoints were TIMI blood 
flow grading, corrected TIMI frame count (CTFC), 
and TIMI myocardial perfusion grading (TMPG), 
both immediately after the operation and 30 days 
after the operation. Assessment of the primary end-
points was performed by two observers who were 
blinded to the study and followed methods previ-
ously described in the literature [6, 7]. Patients with 
TIMI blood flow grade ≤ 2 and CTFC > 40 were 
considered to have no reflow or to have slow flow. 
Patients with normal blood flow had TIMI blood 
flow grade 3 and CTFC < 40.

(2) The secondary endpoints were major adverse 
cardiovascular events (MACE), including cardio-
vascular death, nonfatal myocardial infarction, and 
revascularization of the culprit artery at 30 days 
after the operation. Nonfatal myocardial infarction 
was defined as recurrent ischemic chest pain with at 
least three observations of re-elevation of myocar-
dial markers above the upper normal limit, or new 
ST-segment elevation or pathological Q waves after 
PPCI. Revascularization of the culprit artery was 
defined as all unexpected revascularization of the 
culprit artery.

Statistical Methods

SPSS 22.0 software was used for statistical analy-
sis of the data. Data are presented as mean ± stand-
ard deviation, and T tests were used to compare 
the means of normally distributed data between 
groups. Count data are expressed as frequencies 
(rates). The chi-square revised test was used when 
1 ≤ T < 5, whereas Fisher’s exact probability method 
was used when T < 1 or n < 40. Rank variables were 
tested with rank sum tests. P < 0.05 was considered 
statistically significant.

Results

1. Basic clinical characteristics of the study partic-
ipants: A total of 65 patients with STEMI were 
enrolled in the study, including 30 patients in 
the routine treatment group and 35 patients in 
the combined treatment group. The basic infor-
mation for patients in the two groups is shown 
in Table 1.

2. History of antithrombotic therapy in the patients 
in both groups: No patients had received prior 
antiplatelet lipid-lowering therapy. In emergency 
interventional treatment, all patients were given 
an aspirin load in perioperative treatment except 
for one patient with digestive hemorrhage. Clopi-
dogrel bisulfate load therapy was administered 
to 35 patients, ticagrelor tablet load therapy was 
administered to 30 patients, and preoperative 
thrombolysis treatment was administered to 20 
patients. All patients were given bivalirudin for 
anticoagulant therapy intraoperatively, whereas 
28 patients were given tirofiban injection intra-
operatively (Table 2).

3. Results of laboratory assays in the two groups. 
Laboratory assays were performed for hemo-
globin, platelets, total cholesterol,  triglycerides, 
high-density lipoprotein, low-density  lipoprotein, 
fasting blood glucose, endogenous  creatinine 
clearance, and glutamic-pyruvic transaminase. 
The results of the assays are shown in Table 3. 
The levels of perioperative total  cholesterol, 
triglycerides, and low- density lipoprotein were 
significantly lower in the combined treatment 
group than the routine treatment group. One 
month after operation, total cholesterol was 
significantly lower in the combined treatment 
group than the routine treatment group, but no 
significant differences were observed in triglyc-
erides, high-density lipoprotein, and low-density 
lipoprotein between groups (Table 4).

4. Characteristics and interventions for coronary 
artery lesions in the two groups: Among the 65 
patients, 26 had single vessel lesions, 19 had 
double vessel lesions, and 19 had triple vessel 
lesions. Classification based on the culprit artery 
revealed 34 cases of anterior descending artery 
disease, six cases of circumflex artery disease, 
and 25 cases of right coronary artery disease. In 
preoperative TIMI blood flow grading, we iden-
tified 28 cases of TIMI0, three cases of TIMI1, 
13 cases of TIMI2, and 21 cases of TIMI3. The 
thrombus suction device was used in all patients, 
without balloon dilation or stent implantation. 
The coronary artery lesions and interventions 
for patients in both groups are shown in Table 5.

5. Experimental results: In terms of myocardial 
blood perfusion during interventional operation, 
54 of the 65 patients had postoperative blood flow 
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Table 1 General Clinical Characteristics of Patients in the Two Groups.

Project  Routine treatment 
group (n = 30) 

 Combined treatment 
group (n = 35) 

 P

Age/(years, ±s)  44.67 ± 12.51  48.34 ± 12.2  0.94
Men (n, %)  29 (96.7)  30 (85.7)  0.13
Hypertension (n, %)  10 (33.3)  7 (20)  0.22
Type 2 diabetes (n, %)  2 (6.7)  4 (11.4)  0.51
Cerebrovascular disease (n, %)  1 (3.3)  1 (2.9)  0.91
Anemia (n, %)  0 (0)  1 (2.9)  0.35
Thrombocytosis (n, %)  0 (0)  1 (2.9)  0.35
Hyperlipidemia (n, %)  1 (3.3)  3 (8.6)  0.38
Smoking (n, %)  26 (86.7)  29 (82.9)  0.67
Family history (n, %)  4 (13.3)  5 (14.3)  0.89
Myocardial infarction Killip grading (n, %)    
 Degree I  26 (86.7)  34 (97.1)  0.14
 Degree II  4 (13.3)  1 (2.9)  
 Degree III  0 (0)  0 (0)  
 Degree IV  0 (0)  0 (0)  
Site of myocardial infarction    
 Antetheca (n, %)  15 (50)  19 (54.3)  0.52
 Inferior wall (n, %)  4 (13.3)  3 (8.6)  
 Posterior inferior wall (n, %)  3 (10)  8 (22.9)  
 Inferior wall with right ventricular (n, %)  3 (10)  2 (5.7)  
 Posterior inferior wall with right ventricular (n, %)  5 (16.7)  3 (8.6)  

Table 2 Use of Antithrombotic Drugs in the Two Groups [n (%)].

Drug use  Routine treatment 
group (n = 30) 

 Combined treatment 
group (n = 35) 

 P

Aspirin (n, %)  29 (96.7)  35 (100)  0.84
Clopidogrel bisulfate (n, %)  16 (53.3)  19 (54.3)  0.01
Ticagrelor (n, %)  14 (46.7)  16 (45.7)  0.01
Thrombolytic therapy (n, %)  10 (33.3)  10 (28.6)  0.17
Tirofiban (n, %)  15 (51.7)  13 (37.1)  1.37

Table 3 Perioperative Laboratory Test Data for Patients in the Two Groups (x̅ ± s).

Project  Routine treatment 
group (n = 30) 

 Combined treatment 
group (n = 35) 

 P

Body mass index (x̅ ± s)  26 ± 2.9  26 ± 3.1  0.75
White blood cell count/(109, ±s)  11.5 ± 3.2  11.5 ± 2.8  0.28
Hemoglobin/(g/L, ±s)  145.8 ± 18.8  144.6 ± 20.7  0.55
Thrombocyte/(109, ±s  241.47 ± 59.64  265.17 ± 123.37  0.15
Alanine aminotransferase/(U/L, ±s)  70.08 ± 49.24  57.18 ± 37.13  0.21
Blood glucose/(mmol/L, ±s)  6.2 ± 1.95  6.4 ± 2.09  0.58
Total cholesterol/(mmol/L, ±s)  4.73 ± 0.86  4.35 ± 1.41  0.02
Triglycerides/(mmol/L, ±s)  2.16 ± 1.51  1.76 ± 0.79  0.01
High-density lipoprotein/(mmol/L, ± s)  0.97 ± 0.21  0.95 ± 0.25  0.28
Low-density lipoprotein/(mmol/L, ± s)  2.74 ± 0.51  2.64 ± 0.91  0.003
Endogenous creatinine clearance rate/(mL/min, ±s)  122.61 ± 29.24  124.06 ± 37.81  0.21
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TIMI grade 3. The combined treatment group 
had significantly lower CTFT (14.09 ± 8.42 vs 
26 ± 12.42, P = 0.04) and significantly better 
TMPG (2.74 ± 0.61 vs 2.5 ± 0.73, P = 0.04) than 
the routine treatment group immediately after the 
operation. Coronary angiography 1 month after 
the operation showed that the CTFC was sig-
nificantly lower (16.29 ± 7.39 vs 26.23 ± 11.53, 
P = 0.04), and the TMPG was significantly better 
(P = 0.04), in the combined treatment group than 
the routine treatment group (Table 6). At 30 days 
after emergency thrombus aspiration, two 
patients in the routine treatment group showed 
substantial progression in the degree of coronary 
artery stenosis of the culprit vessels and were fur-
ther treated with PCI (P = 0.12) (Table 7).

Discussion

Prior studies have investigated the role of PCSK9 
inhibitors in lowering blood lipids. The FOURIER 
trial provided the first demonstration that the com-
bination of PCSK9 inhibitors with high-intensity 
statin drugs significantly decreases LDL-C and 
effectively and safely decreases the incidence of 
major cardiovascular events [8]. The subsequent 
ODYSSEY study has also demonstrated that a com-
bination of PCSK9 inhibitors and statins has a clear 
effect on lowering blood lipids [9]. However, the two 
studies studied patients in a relatively stable period 
for acute coronary syndromes (ACS), and PCSK9 
inhibitors were used when the control of LDL-C 
was still not ideal after treatment with high-potency 

Table 4 Laboratory Test Data for Patients in the Two Groups 1 month after Operation (x̅ ± s).

Project  Routine treatment 
group (n = 30) 

 Combined treatment 
group (n = 35) 

 P

White blood cell count/(109, ±s)  8.67 ± 2.28  7.17 ± 2.01  0.53
Hemoglobin/(g/L, ±s)  123.81 ± 18.41  136.94 ± 12.69  0.08
Thrombocyte/(109, ±s  234.81 ± 56.52  230.97 ± 91.79  0.42
Alanine aminotransferase/(U/L, ± s)  51.92 ± 19.79  38.16 ± 24.28  0.31
Blood glucose/(mmol/L, ±s)  5.27 ± 1.53  4.77 ± 1.06  0.61
Total cholesterol/(mmol/L, ± s)  3.62 ± 1.05  2.91 ± 0.76  0.03
Triglycerides/(mmol/L, ±s)  1.93 ± 1  1.47 ± 0.74  0.19
High-density lipoprotein/(mmol/L, ±s)  0.84 ± 0.22  0.93 ± 0.24  0.32
Low-density lipoprotein/(mmol/L, ±s)  2.01 ± 0.51  1.45 ± 0.39  0.18

Table 5 Coronary Artery Lesions and Interventions in the Two Groups [n(%)].

Project  Routine treatment 
group (n = 30) 

 Combined treatment 
group (n = 35) 

 P

Single/double/triple-vessel disease (n, %)    
 Single  13 (44.8)  13 (37.1)  0.39
 Double  8 (27.6)  11 (31.4)  
 Triple  8 (27.6)  11 (31.4)  
Culprit artery (n, %)    
 Anterior descending coronary artery  16 (53.3)  18 (51.4)  0.09
 Left circumflex artery  3 (10)  3 (8.6)  
 Right coronary artery  11 (36.7)  14 (40)  
Preoperative TIMI grading (n, %)    
 0  13 (43.3)  15 (42.9)  0.61
 1  1 (3.3)  2 (5.7)  
 2  7 (23.3)  6 (17.1)  
 3  9 (30)  12 (34.3)  
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statins. According to a study by Thorsten, early 
treatment with evolocumab significantly decreases 
LDL-C levels in patients with ACS within 24 hours, 
and most patients with ACS keep continuous quali-
fied serum lipid level, including LDL-C, at discharge 
and after 30 days [10]. Findings from our study 
confirmed that PCSK9 inhibitors had significant 
blood lipid lowering effects in patients with acute 
STEMI. In addition, we observed that the patients 
treated with high-intensity statins combined with 
PCSK9 inhibitors had significantly lower levels 
of total cholesterol, triglycerides, and low-density 
lipoprotein than patients treated with high-inten-
sity statins alone, at 24 hours after the operation. 
One month after interventional treatment, patients 
who had been perioperatively administered PCSK9 
inhibitors combined with statins had significantly 
lower levels of total cholesterol. However, no dif-
ference was observed in triglycerides, high-density 

lipoprotein and low-density lipoprotein between 
groups. These findings might be attributable to the 
11–20 day elimination half-life of PCSK9 inhibi-
tors. However, the patients in our study were treated 
with PCSK9 inhibitors only in the perioperative 
period [11]. Therefore, PCSK9 inhibitors and lipid-
lowering therapy administration should be repeated 
2 weeks after surgery.

No studies have reported the effects of PCSK9 
inhibitors on improving coronary blood flow and 
myocardial tissue perfusion after thrombus aspira-
tion in patients with acute STEMI. In this study, the 
patients treated with a combination of the PCSK9 
inhibitors and high-intensity statins showed signifi-
cantly improved coronary blood flow and myocar-
dial tissue perfusion either immediately or 1 month 
after surgery. Previous studies have shown that the 
expression of PCSK9 is upregulated on the second 
day after the first administration of statins, and that 

Table 6 Blood Perfusion Evaluation After Interventional Therapy in the Two Groups [x̅ ± s, n(%)].

Project  Routine treatment 
group (n = 30) 

 Combined treatment 
group (n = 35) 

 P

Immediate postoperative    
 TIMI blood flow level 3 (n, %)  23 (76.7)  31 (88.6)  0.82
 CTFC (x̅ ± s)  26 ± 12.42  14.09 ± 8.42  0.04
TMPG (n, %)    
 I  4 (13.3)  3 (8.6)  0.04
 II  7 (23.3)  3 (8.6)  
 III  19 (63.3)  29 (82.9)  
One month after operation    
 CTFC (x̅ ± s)  26.23 ± 11.53  16.29 ± 7.39  0.04
TMPG (n, %)    
 I  0  0  
 II  7 (23.3)  2 (5.7)  0.04
 III  23 (76.7)  33 (94.3)  

CTFC: corrected TIMI frame count, TMPG: TIMI myocardial perfusion grade.

Table 7 Incidence of Adverse Reactions after Interventional Therapy in both Groups.

Project  Routine treatment 
group (n = 30) 

 Combined treatment 
group (n = 35) 

 P

MACE (n, %)  2 (6.7)  0  0.12
Death  0  0  
Nonfatal myocardial infarction  0  0  
Ischemia driving revascularization of the culprit artery  2 (6.7)  0  0.12

MACE: major adverse cardiovascular events.
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the degree of upregulation is dose-dependent [12]. 
The early increase in PCSK9 may be directly asso-
ciated with the decrease in intracellular cholesterol 
biosynthesis and subsequent activation of SREBP-2, 
rather than the decrease in circulating LDL-C  levels 
[13]. The mechanism of slow blood flow and no 
reflow is highly complex and is currently believed 
to be associated with microembolization, choles-
terol crystal-induced coronary artery spasm, micro-
circulation disorders, ischemia-reperfusion injury, 
inflammatory response, platelet activation, and 
other factors [14]. According to previous animal 
studies, the PCSK9 enzyme activates platelets and 
promotes epinephrine-induced platelet aggrega-
tion and thrombogenesis [15]. Simultaneously, the 
PCSK9 enzyme regulates inflammatory responses 
and promotes the expression of a variety of pro-
inflammatory factors [16]. The increase in PCSK9 
expression levels enhances the phagocytosis of 
LDL-C by macrophages and accelerates the for-
mation of foam cells, thus promoting the occur-
rence and development of atherosclerosis [17]. 
Recent studies have shown that the inhibition of the 
PCSK9 pathway not only decreases LDL-C levels 
but also affects various metabolic pathways, inflam-
matory responses, thrombosis, and the mediation 
of endothelial cell apoptosis. In  addition, PCSK9 
inhibitors reverse the formation of atheroscle-
rotic plaques. According to the GLAGOV study, 
evolocumab combined with high-intensity statins 
decreases LDL-C to 36.6 mg/dL on average in 
patients with ACS [18]. Moreover, the synergistic 
effects of APO-A1, HDL, and ABCAl/G1 decrease 
cholesterol inflow from the artery wall and increase 
outflow, thus resulting in reverse cholesterol trans-
port; ameliorating atherosclerotic vascular dense 
calcification, tissue fibrosis, lipid fibrosis, and core 
necrosis; and contributing to plaque reversal [19].

Currently, PSCK9 inhibitors are rarely used in 
patients with acute myocardial infarction in the 
perioperative period. The combination of PSCK9 
inhibitors with statin intensification therapy before 
surgery may improve coronary perfusion in patients 
with STEMI, owing to the synergistic pleiotropic 
effects of PCSK9 inhibitors and statins rather than 
their lipid regulatory effects. PCSK9 inhibitors com-
bined with statins further stabilize plaques, decrease 
distal thromboembolism and microvasospasm, and 

improve coronary blood flow and myocardial perfu-
sion [20]. These effects are attributable to PCSK9 
inhibitor-induced improvements in endothelial 
function, and anti-oxidant and anti-inflammatory 
activity, and a decrease in platelet activation and 
aggregation [21]. The PCSK9 inhibitors and statins 
were administered to patients within 1 hour after 
the beginning of the operation, and the interaction 
between drugs might have shortened the onset of 
pleiotropic effects, thus resulting in rapid onset of 
action. However, whether the effect of combining 
PCSK9 inhibitors with statins can occur within a 
short period must be determined, and the specific 
mechanisms involved must be identified.

This study has several limitations. The sample size 
of the study was small, and the participants were 
from a single center; thus, the comparison of clini-
cal endpoints such as MACE between groups was 
inadequate. The findings from this study must be 
validated in a large-sample randomized controlled 
study with multi-center participation. Differences 
in the complexity of underlying diseases and the 
effects of interventional therapy on prognosis might 
have increased the bias to some extent. In addition, 
the short follow-up time might have affected judg-
ments regarding MACE. In the acute phase of myo-
cardial infarction and during regular follow-up, the 
lack of continuous monitoring of serum inflamma-
tory indicators prevented further elucidation of the 
role of inflammation in the recovery of acute myo-
cardium infarction.

In summary, findings from this study demon-
strated that the preoperative combination of loading 
doses of high-intensity statins with PCSK9 inhibi-
tors improved myocardial perfusion in patients 
with acute STEMI without a history of antiplate-
lets and statin lipid-lowering therapy. This preop-
erative treatment effectively reduces occurrence 
of the coronary slow flow and no-reflow phenom-
enon in patients undergoing emergency thrombus 
aspirations. Moreover, we observed no significant 
effects on cardiovascular MACE 30 days after the 
operation.
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