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To assess how rivaroxaban affects coagulation function, inflammatory factors and endothelial function in
individuals who have received percutaneous coronary intervention for coronary heart disease sheds light on
its physiological impact. From January 2019 to December 2021, a group of 184 individuals with coronary
heart disease underwent percutaneous coronary intervention at the hospital. A random number table was
utilized to allocate 92 patients into both the control group and the study group. While the control group
received heparin treatment, the study group was subjected to rivaroxaban treatment. The differences in
cardiac function, coagulation function, inflammatory factors, and endothelial function indicators between
the two groups were compared. The occurrence of cardiovascular adverse events was examined during the 3
mo follow-up period, aiming to compare outcomes between the two groups. Following treatment, the study
group showed significant improvements as opposed to the control group. The left ventricular end-diastolic
diameter exhibited a significant decrease (p<0.05), while the left ventricular ejection fraction showed a
significant increase (p<0.05). The study group also exhibited prolonged prothrombin time and decreased levels
of fibrinogen and D-dimer (p<0.05). Additionally, levels of inflammatory markers such as interleukin-6, tumor
necrosis factor-alpha, C-reactive protein, transforming growth factor beta 1, and pentraxin-3 significantly
decreased in the study group (p<0.05), while levels of nitric oxide and flow-mediated dilation significantly
increased (p<0.05). Relative to the control group, the study group showed significantly lower levels (p<0.05)
of endothelin-1 and von Willebrand factor. Furthermore, the incidence of cardiovascular adverse events was
significantly lower in the study group after treatment (p<0.05). Rivaroxaban treatment can improve cardiac
function and coagulation function after percutaneous coronary intervention in coronary heart disease
patients, alleviate inflammatory response and endothelial dysfunction, minimize the presence of major
cardiovascular complications and improve the prognosis.
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With a global impact, Coronary Heart Disease
(CHD) ranks as the primary cause of mortality
and, in China, it holds the second position in terms
of fatalities!!l. Epidemiological reports show an
increasing incidence of CHD among young people
in Chinal®!. Despite advancements in the treatment
of CHD in recent years, the readmission rate and
mortality rate among CHD patients remain hightl.
Percutaneous Coronary Intervention (PCI) is
the primary choice for treating CHD in clinical
practice. It quickly clears blocked coronary
arteries, effectively improving myocardial blood
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flow, while offering the benefits of minimal
surgical impact and prompt postoperative
recuperation for patients*.. However, during PCI,
the clearance of arterial lumens may lead to the
detachment of small embolic fragments to distal
vessels, heightening the cardiovascular risk for
patients and triggering inflammatory responses
within diseased vessels, which detrimentally
affects their prognosis and overall outcomes!.
Rivaroxaban is a novel anticoagulant that directly
inhibits the activity of thrombin and has ideal
anticoagulant effectsl®. Evidence from studies
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suggests that the utilization of rivaroxaban can
be advantageous for patients receiving PCI for
acute coronary syndrome!’l. Nonetheless, there is
a scarcity of clinical investigations concerning
the effectiveness of rivaroxaban in individuals
with CHD following PCI. This research seeks
to analyze the effectiveness of rivaroxaban on
coagulation function, inflammatory factors, and
prognosis in CHD patients after PCI, with the aim
of providing scientific evidence for the application
of rivaroxaban in CHD patients.

MATERIALS AND METHODS
General information:

In this study, a cohort of 184 individuals with
CHD who underwent PCI at the hospital from
January 2019 to December 2021 was chosen as the
participants.

Inclusion criteria: Met the relevant diagnostic
criteria for CHD[8] and confirmed diagnosis
through coronary angiography and all patients
received PCI treatment.

Exclusion criteria: Severe liver or kidney
dysfunction; coagulation dysfunction;
hematological disorders and use of antiplatelet
drugs within the past month and severe
cerebrovascular disease or malignant tumors.
Through the utilization of a random number table,
the patient population was bifurcated into a control
and a study group equally (92 in each). There were
no notable dissimilarities in general information
between groups (p>0.05), thereby ensuring their
comparability as shown in Table 1.

Methods:

After admission, both groups of patients underwent
routine examinations and received PCI treatment.
Before the procedure, all patients in both groups
received routine treatments including aspirin and
clopidogrel. In the control group, patients received
heparin (Jiangsu Wanbang Biopharmaceutical
Group Co., Ltd., specification of 2 ml:125 000 U,
Chinese drug approval number was [32020612)
in addition to the routine treatment. The initial
dose of heparin was administered intravenously
at 5000-10 000 U, followed by a dose of 100 U/
kg every 4 h. In the study group, in addition to
the routine treatment, patients were also given
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bivalirudin (Jiangsu Haosen Pharmaceutical Co.,
Ltd., specification of 0.25 g/vial, Chinese drug
approval number was H20140057). Intravenous
administration of bivalirudin was performed at a
dosage of 0.75 mg/kg during the procedure, along
with a subsequent continuous infusion (1.75 mg/
kg/h) until the surgery concluded. Subsequently, a
continuous intravenous infusion (0.25 mg/kg/h) was
maintained for 4 h, with the activated coagulation
time rechecked. If necessary, a maintenance dose
of 0.3 mg/kg was administered intravenously. Both
groups received routine postoperative treatment.

Observation indicators:

After treatment, the levels of cardiac function,
coagulation function, inflammatory factors, and
vascular endothelial function were compared
between the two groups.

Cardiac function: Assessment was conducted
through echocardiography, which included the
detection of Left Ventricular Ejection Fraction
(LVEF) and Left Ventricular End-Diastolic
Diameter (LVEDD).

Coagulation function: Serum samples were
obtained from fasting peripheral blood collected
from both groups of patients, and Enzyme-Linked
Immunosorbent Assay (ELISA) was employed to
measure Fibrinogen (FIB), Prothrombin Time (PT)
and D-Dimer (D-D) levels.

Inflammatory factors: Serum was obtained by
collecting fasting peripheral blood samples from
both patient groups. Interleukin-6 (IL-6), Tumor
Necrosis Factor-Alpha (TNF-a), Transforming
Growth Factor-Beta 1 (TGF-B1), and N-Pentamerin
(PTX3) levels were measured using ELISA, while
immunoturbidimetric assay was employed to
measure serum C-Reactive Protein (CRP) levels.

Vascular endothelial function: Plasma was
obtained by collecting fasting peripheral blood
samples from both patient groups. ELISA was used
to measure levels of Endothelin-1 (ET-1), Nitric
Oxide (NO) and vascular von Willebrand Factor
(vWF). Doppler ultrasound was utilized to assess
Flow-Mediated Dilation (FMD) of the brachial
artery, a measure of vascular dilation function.

Major adverse cardiovascular events: A 3 mo
follow-up was conducted to observe and record the
presence of major cardiovascular complications in
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TABLE 1: GENERAL INFORMATION

Gender Lesion Location Disease Type
Group n Age Left . Acute
Male Female Anterior Right Left Main . Left Myocardial Unsta.\ble
. Coronary Circumflex - Angina
Descending Infarction
Control 92 49 43 61.47+8.63 42 29 12 9 45 47
Study 92 52 40 61.02+8.59 45 21 16 10 43 49
v/t 0.198 0.354 2.008 0.087
p 0.657 0.723 0.571 0.768

both groups of patients.
Statistical methods:

Statistical Package for the Social Sciences (SPSS)
version 25.0 was utilized for the statistical analysis
of the data. Intergroup comparisons for continuous
data were performed using independent t-tests,
while within-group analysis involved conducting
paired t-tests. The results are presented as
meanztstandard deviation. To compare inter groups
for categorical data; either a Chi-square (y?) test or
Fisher's exact probability test was opted, with the
results reported as percentages (%). The threshold
for statistical significance was set at a p<0.05.

RESULTS AND DISCUSSION

The absence of a significant difference in LVEDD
and LVEF between groups was observed prior
to treatment (p>0.05). Subsequent to treatment,
LVEDD showed a significant decrease, while LVEF
displayed a significant increase in each group
(p<0.05). Additionally, the study group exhibited
a significantly lower LVEDD in comparison to the
control group, and a notable elevation in LVEF
was also observed (p<0.05) as shown in Table 2.

Prior to treatment, no notable disparities were
detected in PT, FIB and D-D levels between the
two cohorts (p>0.05). Following treatment, a

significant prolongation in PT was observed
(p<0.05), alongside significant decrease in FIB
and D-D levels (p<0.05) within both groups.
Moreover, the study group displayed a statistically
significant elevation in PT levels relative to the
control group (p<0.05), while the levels of FIB
and D-D were significantly decreased in the study
group (p<0.05) as shown in Table 3.

Prior to treatment, no significant variation in IL-
6, TNF-a, TGF-f1 and CRP levels between the
two cohorts was observed (p>0.05). Following
treatment, substantial decreases in CRP, IL-6,
TGF-B1 and TNF-a levels (p<0.05) were witnessed
among both groups. Furthermore, the study group
exhibited significantly lower levels of CRP, IL-6,
TGF-B1 and TNF-a compared to the control group
(p<0.05) as shown in Table 4.

Analysis revealed no significant variations in the
levels of NO, ET-1, vWF and FMD between the
groups prior to treatment (p>0.05). Following
treatment, a notable improvement in NO and
FMD levels (p<0.05) was observed, accompanied
by significant decreases in ET-1 and vWF levels
(p<0.05) within both cohorts. Furthermore, the
study group presented significant enhancements in
NO and FMD levels when compared to the control
group (p<0.05), while concurrently displaying
significant reductions in ET-1 and vWF levels

TABLE 2: COMPARISON OF CARDIAC FUNCTION (xts)

Group Time LVEDD (mm) LVEF (%)
Control Before 57.03+4.59 39.2443.36
(n=92) After 52.46+3.91° 45.18+4.69°
Study Before 57.11+4.62 39.33+3.41
(n=92) After 48.27+3.76% 49.52+4,83%

Note: 2p<0.05, compared to pre-treatment and ®p<0.05, compared to the control group
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TABLE 3: COMPARISON OF COAGULATION FUNCTION (xts)

Group Time PT (s) FIB (g/l) D-D (mg/l)
Before 9.61+1.14 4,78+0.92 1.85+0.48
Control (n=92)
After 13.15+1.392 4.06+0.762 0.93+0.30°
Before 9.67+1.18 4.75+0.93 1.82+0.51
Study (n=92)
After 16.40+1.47%® 3.62+0.68* 0.49+0.16%

Note: 2p<0.05, compared to pre-treatment and ®p<0.05, compared to the control group

TABLE 4: COMPARISON OF INFLAMMATORY FACTORS (xts)

Group Time IL-6 (pg/ml) TNF-a (pg/ml) CRP (mg/l) TGF-81 (pg/ml) PTX3 (ng/ml)
Before 87.41+£13.08 169.62+28.51 21.05+4.24 63.17+£10.35 8.52+2.33
Control (n=92)
After 64.79+£10.832 125.46+16.972 6.82+1.592 45.29+8.622 5.17+1.432
Study (n=92) Before 87.23+£13.16 170.39+29.05 20.97+4.22 63.02+£10.18 8.23+1.96
u n=
Y After 39.36+7.14% 82.91+12.28% 4.23+0.81% 33.85+6.47% 3.60+0.78*
Note: 2p<0.05, compared to pre-treatment and ®p<0.05, compared to the control group
TABLE 5: COMPARISON OF ENDOTHELIAL FUNCTION (x%s)
Group Time NO (pmol/l) ET-1 (ng/l) VWF (%) FMD (%)
Before 51.86+8.34 107.24+16.18 192.58+24.71 6.17+0.55
Control (n=92)
After 64.01£9.592 79.38+11.722 140.15+20.372 7.99+0.622
Before 51.92+8.33 107.03+16.25 194.06+24.68 6.13+0.54
Study (n=92)
After 70.79+10.06%° 62.85+9.14% 107.42+16.43%° 8.48+0.69%

Note: 2p<0.05, compared to pre-treatment and ®p<0.05, compared to the control group

relative to the control group (p<0.05) as shown in
Table 5.

After 3 mo, the study group exhibited a significant
decline in major cardiovascular adverse events,
with an incidence rate of 18.00 %, in contrast to the
control group's incidence rate of 4.00 % (p<0.05)
as shown in Table 6.

CHD refers to a medical condition characterized
by inadequate blood supply to the heart muscle
caused by the buildup of plaque in the coronary
arteries, leading to complications related to the
heart. Its clinical manifestations include chest
tightness, chest pain, palpitations and fatigue.
If not promptly treated, it may directly affect
the patient's life safety®. PCI, as a commonly
used clinical revascularization procedure, is a
primary approach used in the management of
CHD. This method can quickly restore blood
flow, improve myocardial perfusion, effectively
relieve local coronary artery ischemia, and has
many advantages such as minimal trauma and
rapid postoperative recovery!!”. However, PCI
can still cause endothelial damage, platelet
aggregation, thrombus formation, and the release
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of various inflammatory factors. This further
impairs the endothelial function of the diseased
vessels and affects the patient's cardiac function
and prognosis!'l. Therefore, exploring effective
treatment methods for CHD patients after PCI is
of paramount importance.

Aspirin, clopidogrel and other drugs are currently
the most commonly used adjunctive anticoagulant
medications after PCI, but both drugs have a
relatively high incidence of adverse reactionst?!3,
Bivalirudin, a synthetic specific thrombin inhibitor,
consists of 20 amino acids with an average
molecular weight of approximately 2000 kDa. It
has a rapid onset of action, a short half-life, and
can inactivate both fibrin-bound and free thrombin,
showing significant anticoagulant effects!!'l,
As a novel thrombin inhibitor, bivalirudin
has been shown to have transient and reversible
anticoagulant effects in PCI treatment. Compared
to traditional anticoagulant drugs, it has significant
advantages in reducing adverse reactions related
to intraoperative bleeding!'*). When treating acute
ST-segment elevation myocardial infarction, the
utilization of bivalirudin during PCI can lead to a
substantial decrease in overall bleeding incidents
Special Issue 5, 2023
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and a decrease in the occurrence of cardiovascular
complications!'®. In the study group, the results
indicate significant decreases in LVEDD, FIB
and D-dimer levels in comparison to the control
group. Conversely, the PT time was significantly
prolonged and the LVEF was significantly elevated
when compared to the control group. This indicates
that bivalirudin can improve both cardiac function
and coagulation function in patients. These results
align with earlier reports!!”-!¥1, To further explore the
therapeutic effects of bivalirudin on CHD patients
after PCI, this study further analyzed its impact
on inflammatory factors, endothelial function, and
major cardiovascular adverse events. The aim is
to provide reference for the clinical application of
bivalirudin in CHD patients.

Inflammatory factors are important contributors
to thrombosis formation and the development of
atherosclerosis, which may lead to aggravated
focal inflammation after PCI due to their release.
Such alterations in the coronary artery vascular
wall could potentially contribute to an elevated
risk of cardiovascular adverse events!'®. IL-6 and
TNF-o can promote thrombosis formation and
atherosclerosis and are closely associated with
acute myocardial infarction®”. CRP, an acute-
phase protein synthesized by the liver, can partially
provide insights into the extent of coronary artery
disease severity®!!, TGF-B1 can activate vascular
smooth muscle cell proliferation, increase intimal
hyperplasia and further promote atherosclerosis!??.
PTX3 is a cytokine that serves a crucial function
in innate immunity and induces immune effects
such as phagocytosis during inflammatory states.
It is associated with cardiovascular calcification
and atherosclerosis?)l. Comparisons between the
control and study groups in this study reveal that
the use of bivalirudin significantly lowers IL-6,
TNF-a, CRP and TGF-B1 levels in CHD patients
following PCI, suggesting its efficacy in curbing

the inflammatory response. This may be attributed
to bivalirudin ability to directly inhibit thrombin
activity. Bivalirudin can exert direct anticoagulant
effects and also inhibit platelet aggregation,
thereby increasing coronary artery blood flow
and reducing inflammation. The initiation and
progression of CHD, which is primarily driven by
atherosclerosis, heavily relies on the development
of endothelial dysfunction®*. NO and ET-1 are
important indicators reflecting endothelial cell
function. NO is mainly secreted by vascular
endothelial cells, and when the endothelial cell
function of the coronary artery is impaired, NO
levels decrease significantly, while ET-1 levels
increase significantly, further exacerbating
endothelial cell dysfunction and worsening CHD3!,
vWF is a biomarker of endothelial dysfunction
and its levels can reflect the degree of endothelial
injury. FMD is a biomarker reflecting endothelial
cell relaxation function, and it promotes NO
secretion and subsequent smooth muscle cell
relaxation in response to physical stimulation,
thereby improving endothelial function®®. This
study's findings indicate that patients receiving
bivalirudin treatment after PCI for CHD exhibited
notable improvements in endothelial function,
as evidenced by significantly elevated levels of
NO and FMD, and significantly reduced levels
of ET-1 and vWF. These results suggest that
bivalirudin effectively ameliorates endothelial
injury. Moreover, the 3 mo follow-up period in this
study revealed a marked decrease in the overall
presence of cardiovascular adverse events in the
study group, highlighting the favorable impact
of bivalirudin on patient prognosis. These results
indicate that bivalirudin significantly improves
patient outcomes and diminishes the occurrence
of cardiovascular adverse events. However, the
size of samples was limited, and the follow-up
duration was relatively short. Further expansion

TABLE 6: COMPARISON OF MAJOR CARDIOVASCULAR ADVERSE EVENTS

Group n Recurrent angina  Myocardial infarction Arrhythmia Cardiac death  Total events (%)
Control 92 8 3 5 0 16 (17.39)
Study 92 2 0 2 0 4 (4.35)

v 8.078

P 0.004
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of the sample size and extension of the follow-up
period are needed to observe long-term effects and
provide more supportive evidence.

In summary, the use of bivalirudin treatment can
improve post-PCI cardiac function and coagulation
function in CHD patients, alleviate inflammatory
response and endothelial dysfunction, reduce the
presence of cardiovascular complications, and
improve patient prognosis. It is worth considering
and applying as a valuable reference.
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