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Abstract: Objective: To determine the effect of Danhong injection combined with tirofiban on cardiac function, myo-
cardial enzyme spectrum and lipoprotein-associated phospholipase A2 (Lp-PLA2) level in patients with acute myo-
cardial infarction (AMI). Methods: The clinical data of 124 AMI patients who were treated in the Second Affiliated
Hospital of Wenzhou Medical University from August 2019 to April 2021 were collected and analyzed retrospec-
tively. Among them, 58 patients treated with routine thrombolysis combined with tirofiban were assigned to the
control group, and the other 66 patients treated with Danhong injection on the basis of treatment to the control
group were assigned to the observation group. Treatment efficacy, cardiac function, myocardial enzyme spectrum,
and Lp-PLA2 level before and after treatment, and adverse cardiovascular events during treatment were compared
between the two groups. The patients were further grouped into an occurrence group and a non-occurrence group
in the light of the occurrence of adverse cardiovascular events after treatment, and then the risk factors of adverse
cardiovascular events were analyzed by logistic regression. Results: The control group showed a notably lower total
effective rate than the observation group (P=0.015). After treatment, the observation group showed a higher left
ventricular ejection fraction (LVEF) level and a lower left ventricular end-diastolic dimension (LVEDD) than the con-
trol group (both P < 0.05). In addition, the observation group showed lower levels of CK, CK-MB and Lp-PLA2 than
the control group (all P < 0.05). A significantly higher incidence of adverse cardiovascular events was found in the
control group than that in the observation group (P=0.039), and Logistic regression analysis showed that NYHA
grade, LVEF, LVEDD, CK-MB and Lp-PLA2 were independent risk factors (P < 0.05). The prediction model =-86.255
+ (4.645*NYHA grade) + (-0.581*LVEF) + (1.058*LVEDD) + (0.263*CK-MB) + (0.121*Lp-PLA2). According to the
ROC curve analysis, the area under the curve of the model in predicting adverse cardiovascular events among
patients was 0.970. Conclusion: Danhong injection combined with tirofiban can improve the cardiac function, myo-
cardial enzyme spectrum and Lp-PLA2 level in AMI patients.
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Introduction

Acute myocardial infarction (AMI) is a common
cardiovascular disease with high morbidity and
mortality [1]. The major cause of AMI is coro-
nary artery occlusion, which is usually triggered
by the rupture, thrombosis or erosion of coro-
nary atherosclerotic plague and results in a
serious shortage of myocardial blood flow and
oxygen supply [2]. Currently, percutaneous cor-

onary intervention (PCl) is the first choice for
AMI [3]. Reportedly, PCI can restore occluded
blood vessels and reduce the mortality of AMI
[4], but patients still face a certain risk of in-
hospital death [5]. According to studies [6, 7],
during PCI, some ruptured thrombi may fall off
and flow to the distal micro vessels along with
the blood flow, which easily hinders perfusion in
coronary artery or causes slow blood flow, trig-
gering coronary artery non-perfusion and local
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myocardial ischemia. Prior research has re-
vealed that serious adverse cardiovascular
events may occur after PCl, such as angina
pectoris, heart failure and even sudden cardiac
death [8]. Moreover, some patients have PCI
contraindications, so they can only receive th-
rombolytic therapy, but the therapeutic effects
of different methods are different [9].

Tirofiban hydrochloride is a reversible antago-
nist of non-peptide platelet glycoprotein llb/llla
receptor, which can suppress the common
pathway of platelet aggregation and thrombo-
sis. It is suitable for the treatment of patients
with unstable angina pectoris or non-Q wave
myocardial infarction [10]. According to one
study [11], tirofiban hydrochloride can substan-
tially lower the incidence of acute coronary syn-
drome and myocardial ischemia after PCl and
contribute to favourable prognosis. Moreover,
tirofiban can also inhibit the release of a large
number of inflammatory factors and vasocon-
strictive substances during platele activation
[12]. Danhong injection, as the extract of Salvia
miltiorrhiza root (Salvia miltiorrhiza) and saf-
flower, is a compound injection that is exten-
sively used to treat many diseases including
AMI [13]. According to prior research, salvia
miltiorrhiza in Danhong injection can dilate
blood vessels, reduce vascular resistance and
blood viscosity, while safflower has been veri-
fied to have many pharmacological properti-
es, including vasodilation, antioxidation, calci-
um antagonism and oxygen free radical scav-
enging [14]. Recent studies have found posi-
tive effects of Danhong injection in inhibiting
platelet aggregation and improving hemody-
namics and endothelial function of AMI pa-
tients [15]. Therefore, Danhong injection is a
potential effective drug for the treatment of
AMI.

However, the efficacy and safety of Danhong
injection combined with tirofiban on AMI have
not been systematically evaluated. Accordingly,
this study was conducted to evaluate the effi-
cacy and safety of their combination in AMI
patients.

Methods and data
Clinical data

The clinical data of 124 AMI patients in The
Second Affiliated Hospital of Wenzhou Medical
University from August 2019 to April 2021 were
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collected and analyzed retrospectively. Among
them, 58 patients treated with routine throm-
bolysis combined with tirofiban were seen as
control group, and the other 66 patients treat-
ed with additional Danhong injection on the
basis of control group were seen as the obser-
vation group. This study was performed with
permission from the Medical Ethics Committee
of the Second Affiliated Hospital of Wenzhou
Medical University, with ethnical approval num-
ber of LLSH20193354.

Inclusion and exclusion criteria

Inclusion criteria: Patients who met the rele-
vant diagnostic criteria in the Guidelines for
diagnosis and treatment of AMI [16]; patients
who experienced a time window from onset to
admission less than 4.5 hours; patients with
contraindications to PCI; patients who were
treatment-naive; and patients with complete
clinical data.

Exclusion criteria: End-stage patients with
malignant tumor or other diseases; patients
with diabetes or heart, liver or kidney failure;
patients with a previous history of cardiac
insufficiency or heart disease; patients with
mental disorders; patients with active visceral
bleeding in the last 2 weeks; patients allergic
to the drugs used in this study; patients com-
plicated with infectious or immune diseases; or
pregnant women.

Therapeutic regimen

For the control group: Tirofiban (Lunambert
Pharmaceutical Co., LTD., State Food and
Drug Administration (SFDA) approval number:
H20090328) was given at an infusion rate of
0.4 pg/kg:min within 30 min, followed by main-
tenance at 0.1 yg/kg-min for 14 days.

For the observation group: On the basis of
treatment in the control group, the patient was
additionally treated with 30 mL Danhong injec-
tion (Shandong Danhong Pharmaceutical Co.,
Ltd., SFDA approval number: Z20026866) fully
diluted with 250 mL 0.9% sodium chloride
injection, through intravenous drip, once a day,
for 14 days.

Cardiac function test

The cardiac function-associated indexes, in-
cluding left ventricular ejection fraction (LVEF)
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Table 1. Clinical efficacy evaluation criteria

Efficacy grading Evaluation criteria

Markedly effective The patient’s disease signs and clinical symptoms disappeared, without attack of angina
pectoris or with decrease of the number of attacks by more than 80%, and the ECG returned

to normal.

Effective The patient’s disease signs and clinical symptoms were greatly alleviated, with decrease in
the number of angina pectoris attacks by less than 80% but more than 50% or 50%, and the
T wave and ST segment of ECG were improved.

Ineffective

The patient’s disease signs and clinical symptoms were not alleviated or even worsen,

with decrease in the number of angina pectoris attacks by < 50%, and the ECG showed no

improvement.

and left ventricular end-diastolic dimension
(LVEDD), were determined using a Philips 1U22
color ultrasonic diagnostic instrument before
treatment and after 14 days of treatment.
LVEF and LVEDD are commonly used in clinical
evaluation of cardiac function. The normal
range of LVEF is 50%-70%, and the normal
range of LVEDD is 35-50 mm.

Biological index test

Before and after the treatment, 5 mL peripher-
al venous blood was collected and centrifuged
(2000 r/min) for 5 min to obtain the serum,
which was stored at low temperature for subse-
quent analysis. Creatine phosphokinase (CK)
and creatine kinase isoenzyme (CK-MB) in the
serum were quantified through an automatic
biochemistry analyzer (Beckman Coulter) un-
der instructions, and Lp-PLA2 in the serum was
quantified using enzyme-linked immuno-sor-
bent assay (ELISA; USA; Sigma, RAB1564) un-
der instructions of the kits from corresponding
instrument supporting company.

Outcome measures

Primary outcome measures: The efficacy of the
two groups was compared after treatment. The
total effective rate = (the number of remarkably
effective cases + effective cases) x 100%/total
number of cases. The evaluation criteria for
efficacy are shown in Table 1. The changes in
the cardiac function before and after therapy
were compared between the two groups. In
addition, the myocardial enzyme spectrum and
Lp-PLA2 were also compared between the two
groups.

Secondary outcome measures: The baseline
data and adverse cardiovascular events during
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treatment were compared between the two
groups. The patients were further grouped into
an occurrence group and a non-occurrence
group in the light of the occurrence of adverse
cardiovascular events after treatment, and
then the risk factors of adverse cardiovascu-
lar events were analyzed through logistic re-
gression.

Statistical analysis

This study adopted SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) for analysis of collected data,
and GraphPad Prism 8 for visualization of data.
The Kolmogorov-Smirnov test was adopted for
evaluation of the normal distribution. Data in
normal distribution were described by mean +
SD and analyzed using the t test. Inter-group
comparison and intra-group comparison were
conducted using the independent sample t test
and paired t test, respectively. Classified vari-
ables were compared by chi-square test. Lo-
gistic regression test was used to analyze the
risk factors of adverse cardiovascular events,
and the value of risk factors in predicting the
occurrence of adverse cardiovascular events
was analyzed by receiver operating characte-
ristic (ROC) curves. P < 0.05 indicated a signifi-
cant difference.

Results
Comparison of clinical data

No notable differences were found in age, sex,
body mass index (BMI), course of disease, New
York Heart Association classification (NYHA),
previous medical history and smoking history
between the two groups (all P > 0.05, Table 2),
indicating the comparability between the two
groups.
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Table 2. Comparison of baseline data

ased LVEDD level (both P

Control group  Observation

< 0.05), with a higher

Factor (n=58) group (n=66) x*value  Palue LVEF level and a lower
Age 0.698 0.403 LVEDD level in the obser-
> 60 years old a1 51 yatlon group than those
< 60 years old 17 15 T(’;h(()aSC(;r?trol g:ll’-oup (all P
Gender 0606  0.265 05, Figure 1).
Male 37 45 Comparison of myocar-
Female 21 21 dial enzyme spectrum
BMI 0.777 0.377 and Lp-PLA2 in patients
> 23 kg/m? 21 19 before and after treat-
< 23 kg/m? 37 47 ment
Course of disease 0.305 0.580 Bef th the |
efore therapy, the le-
>3h 23 23
<3h a5 43 vels of CK, CK-MB and
o Lp-PLA2 were not great-
NYHA classification 0.260 0.878 ly different between the
Class Il 17 20 two groups (all P > 0.05).
Class Il 21 26 However, after the thera-
Class IV 20 20 py, those levels in both
Past medical history groups decreased signi-
Hypertension 30 33 0.036 0.848 ficantly (all P < 0.05),
Diabetes 22 27 0.114 0.735 with notably lower levels
History of smoking 0.715 0.397 in the Obser\{at'on group
Yes 40 50 thaln those I||n I:)th<e chg-
No 18 16 fol group @ Y
— — Figure 2).
Note: BMI: Body Mass Index; NYHA: New York Heart Association Classification.
Comparison of adverse
. i cardiovascular events in
Table 3. Efficacy evaluation patients
Group Markgdly Effective  Ineffective Tofcal effec-
effective tive rate

The control group show-

Control group (n=58)
Observation group (n=66) 36 (54.55%) 26 (39.39%)
X2 value
P value

27 (46.55%) 19 (32.76%) 12 (20.69) 46 (79.31%)

ed a notably higher inci-

4 (6.06) 62 (93.94%) dence of adverse cardio-
5.879 vascular events than the
0.015 control group (P=0.039,

Comparison of clinical efficacy

The clinical efficacy on the two groups after
treatment was evaluated, and the control group
showed a lower total clinical effective rate than
the observation group after treatment (P=
0.015, Table 3).

Changes of cardiac function before and after
treatment

The two groups were not significantly different
in LVEF and LVEDD levels before therapy (both
P > 0.05), but after therapy, both groups sh-
owed notably increased LVEF level and decre-
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Table 4).

Analysis of risk factors for adverse cardiovas-
cular events

According to the occurrence of adverse car-
diovascular events, the patients were grouped
into the occurrence group (n=12) and the non-
occurrence group (n=112), and NYHA grade,
LVEF, LVEDD, CK, CK-MB, Lp-PLA2 showed
great differences between the two group (all P
< 0.05, Table 5). Further logistic regression an-
alysis showed that NYHA grade, LVEF, LVEDD,
CK-MB and Lp-PLA2 were independent risk fac-
tors for adverse cardiovascular events (all P <
0.05, Table 6). Then, through the regression
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Figure 1. Changes in cardiac function of the patients before and after therapy. A. Changes of LVEF in the patients
before and after treatment. B. Changes of LVEDD in the patients before and after treatment. Notes: LVEF: Left Ven-
tricular Ejection Fraction; LVEDD: Left Ventricular End-Diastolic Dimension. ** suggests P < 0.01, *** suggests P
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Figure 2. Changes of myocardial enzyme spectrum and Lp-PLA2 in patients before and after treatment. A. Changes
of CK in patients before and after treatment. B. Changes of CK-MB in patients before and after treatment. C. Chang-
es of Lp-PLA2 in patients before and after treatment. Note: Lp-PLA2: Lipoprotein-Associated Phospholipase A2; CK:
Creatine Phosphokinase; CK-MB: Creatine Kinase Isoenzyme. **P < 0.01, ***P < 0.001.

Table 4. Adverse cardiovascular events

ization, which greatly lowers

the risk of death for AMI

Cardiac Angina Total :
Group : 'Il %' “ Arrhythmia incidence patients [17]. Over the past
arure  pectoris rate ten years, effective progress
Control group (n=58) 2 (3.44%) 3(5.19%) 4 (6.88%) 9 (15.51%) has been made in the reper-
Observation group (n=66) 1 (1.52%) 1 (1.52%) 1(1.52%) 3 (4.56) fusion therapy of AMI. Some
X2 value 4.952 scholars have pointed out th-
P value 0.039 at about 90% of AMI cases

equation, we constructed a prediction mo-
del: =-86.255 + (4.645*NYHA grade) +
(-0.581*LVEF) + (1.058*LVEDD) + (0.263*CK-
MB) + (0.121*Lp-PLA2). According to ROC
curve-based analysis, the area under the curve
(AUC) of the model in predicting adverse cardio-
vascular events was 0.970, indicating that the
model was an ideal prediction model (Figure 3).

Discussion

In the past decades, great progress has been
achieved in the treatment of AMI by revascular-
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are caused by coronary ar-
tery thrombosis, so thrombo-
lytic therapy is an effective means to restore
myocardial reperfusion and limit myocardial
necrosis in AMI patients [18]. Rt-PA thrombo-
lytic therapy can activate fibrin-binding plas-
minogen in thrombus, degrade fibrin and fibrin-
ogen, promote thrombolysis and relieve co-
ronary artery occlusion [19]. However, accord-
ing to prior research [20], rt-PA thrombolysis
has high selectivity, with little effect on the fibri-
nolytic activity of the whole body during the
treatment process, but it brings the risks of
vascular re-occlusion and ischemia-reperfu-
sion injury.
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Table 5. Multivariate analysis

Occurrence group  Non-occurrence group

Factor (n=12) (n=112) X2/t value P value
Age 2.119 0.145
> 60 years old (n=92) 11 81
< 60 years old (n=32) 1 31
Gender 1.543 0.214
Male (n=82) 6 76
Female (n=42) 6 36
BMI 0.007 0.933
> 23 kg/m? (n=40) 4 36
< 23 kg/m? (n=84) 8 76
Course of disease 0.080 0.776
>3 h (n=46) 4 42
<3h(n=78) 8 70
NYHA classification 7.519 0.023
Grade Il (n=37) 1 36
Grade lll (n=47) 3 44
Grade IV (n=40) 8 32
Past medical history
Hypertension (n=63) 7 56 0.301 0.583
Diabetes mellitus (n=49) 4 45 0.212 0.644
History of smoking 0.039 0.843
Yes (n=90) 9 81
No (n=34) 3 31
LVEF (%) 49.48+4.47 55.74+5.86 3.580 0.001
LVEDD (mm) 43.23+3.30 39.81+3.63 3.123 0.002
CK (U/L) 26.00+2.68 23.00+£3.76 2.688 0.008
CK-MB (U/L) 84.79+8.34 76.00+9.34 3.126 0.002
Lp-PLA2 (pg/L) 229.91+19.16 212.46+19.96 2.887 0.004

Notes: BMI: Body Mass Index; NYHA: New York Heart Association; LVEF: Left Ventricular Ejection Fraction; LVEDD: Left Ventricu-
lar End-Diastolic Dimension; Lp-PLA2: Lipoprotein-Associated Phospholipase A2; CK: Creatine Phosphokinase; CK-MB: Creatine
Phosphokinase Isoenzyme.

Table 6. Multivariate analysis

95% Cl of EXP (B)

Factor B SE Wals Sig. Exp (B) — —
Lower limit  Upper limit
NYHA classification 4.645 1.908 5.927 0.015 104.076 2.473 4380.376
LVEF -0.581 0.240 5.842 0.016 0.559 0.349 0.896
LVEDD 1.058 0.389 7.403 0.007 2.880 1.344 6.169
CK 0.647 0.354 3.341 0.068 1.909 0.954 3.819
CK-MB 0.263 0.118 4.989 0.026 1.301 1.033 1.639
Lp-PLA2 0.121 0.050 5.839 0.016 1.129 1.023 1.246

Note: LVEF: Left Ventricular Ejection Fraction; LVEDD: Left Ventricular End-Diastolic Dimension; Lp-PLA2: Lipoprotein-Asso-
ciated Phospholipase A2; CK: Creatine Phosphokinase; CK-MB: Creatine Phosphokinase Isoenzyme; NYHA: New York Heart
Association.

With a history of thousands of years in China, the treatment of AMI-related diseases, and it
Chinese herbal medicine is extensively used in is considered as a natural product with good
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Figure 3. ROC of risk model in predicting patients’
adverse cardiovascular events. Note: ROC: Receiver
Operating Characteristic.

curative effect and few side effects [21].
Danhong injection is one of the most exten-
sively adopted traditional Chinese medicines
for treating AMI in China [22]. Reportedly,
Danhong injection can inhibit platelet activa-
tion and aggregation, both of which take a
crucial part in the pathogenesis of AMI [23].
Moreover, Danhong injection has been found
to be able to protect ischemic myocardium
from myocardial ischemia/reperfusion injury
[24]. In this study, Danhong injection effectively
improved the clinical efficacy of tirofiban com-
bined with conventional treatment, and effec-
tively inhibited the level of LVEDD and myocar-
dial enzyme spectrum of patients, and improved
LVEF. Qi et al. [25] have revealed that Danhong
injection can reduce the myocardial infarction
area of patients with acute ST-segment eleva-
tion myocardial infarction who are at high risk
of no-reflow during direct PCI. Lv et al. [26] have
found that Danhong injection combined with
Naoxintong Tablet can reduce the inflammatory
reaction in patients with acute coronary syn-
drome and improve their cardiac function 3
months after discharge. All these studies sug-
gest that Danhong injection can alleviate the
condition of AMI, promote thrombolysis and
improve the curative effect. The reasons may
be as follows: Danhong injection is composed
of two kinds of traditional Chinese medicines,
Salvia miltiorrhiza and safflower, both of which
can dilate blood vessels, lower vascular resis-
tance, improve microcirculation and reduce
blood viscosity, etc. The main component of
safflower is chalcone compounds, which can
dilate blood vessels, increase blood flow and
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inhibit platelet aggregation, thus improving the
therapeutic effect [27].

Lp-PLA2, also known as platelet activating fac-
tor acetylhydrolase, is secreted by mature lym-
phocytes and macrophages, which can even-
tually produce oxidized free fatty acids and
lysophospholipids and can also promote the
expression of various inflammatory factors and
aggravate the injury of arterial intima, finally
inducing the formation of unstable plaques
[28, 29]. In this study, after treatment, the
serum Lp-PLA2 level in patients after treat-
ment declined greatly, and declined more
greatly in the observation group treated with
additional Danhong injection, indicating that
the combined treatment could effectively regu-
late Lp-PLA2 and protect the cardiac function.

Finally, we analyzed the risk factors of adverse
cardiovascular events after treatment, and
found that NYHA grade, LVEF, LVEDD, CK-MB
and Lp-PLA2 were independent risk factors for
adverse cardiovascular events. In the study by
Wu et al. [30], LVEF was found to be indepen-
dently bound up with adverse cardiovascular
events. In the community-based cohort of pa-
tients with acute coronary syndrome, Li et al.
[31] found strong association of Lp-PLA2 with
major cardiac adverse events and gradually
increased risk identification. These studies are
basically similar to the results of our analysis.
Therefore, the indexes before treatment can be
used as reference indexes for evaluating the
occurrence of adverse cardiovascular events in
patients. In order to further predict the occur-
rence of adverse events in patients, this study
constructed a prediction model by logistic re-
gression. The AUC of the model in forecasting
the patients’ adverse events was 0.970, indi-
cating that the model is an ideal model and
worthy of clinical popularization.

This study determined through analysis that
Danhong injection combined with tirofiban can
improve the cardiac function, myocardial en-
zyme spectrum and Lp-PLA2 level of AMI
patients and constructed an ideal prediction
model. However, this study still has some limi-
tations. First, the study is a retrospective stu-
dy with a limited sample size, so the samples
can’t be as uniform as that in a randomized
controlled experiment. Secondly, although this

Am J Transl Res 2022;14(11):7951-7959
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study constructed a model, external samples
have not been collected for verification. Finally,
in this study, the patients cannot be followed
up, so the long-term prognosis of the patients
remains unclear. Therefore, it is hoped to carry
out more experiments and follow-up in the
future to improve the research conclusions.

To sum up, Danhong injection combined with
tirofiban can improve the cardiac function, myo-
cardial enzyme spectrum and Lp-PLA2 level in
AMI patients.
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