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Cardiovascular diseases are among the most widespread diseases in the world that affect all ages 
and sometimes can lead to death. Atherosclerosis, coronary syndrome and myocardial infarction are usually 
associated with artery occlusion and require percutaneous coronary intervention (PCI) as a non-surgical 
procedure to restore blood flow to the heart. Inflammatory biomarkers, especially interleukins and cardiac 
biomarkers, have an important role in diagnosing the state of patients with heart damage. The goal of the 
study was to estimate the serum levels of interleukins and cardiac biomarkers after PCI to reduce the risk 
of acute coronary syndrome. The study included 100 persons between the ages of 40 and 69 diagnosed with 
acute coronary syndrome who had successful PCI and a control group consisting of 50 healthy participants of 
the same age. The levels of interleukins, сreatine kinase MB and myoglobin were measured using an enzyme-
linked immunosorbent assay. Troponin and D-dimer levels were measured using immunoassay. It was found 
that patients before PCI had significantly higher levels of IL-1β, IL-6, IL-8, cardiac troponin I, D-dimer, 
creatine kinase-MB and myoglobin compared to the control group. One day after PCI, the levels of IL -6, 
IL-8, cardiac troponin I and D-dimer remained elevated. One week after PCI, the levels of IL-1β, IL-6, IL-8, 
CK-MB and myoglobin did not show significant differences compared to the control group, while the levels of 
cardiac troponin I and D-dimer remained higher. Results obtained indicate that in patients after PCI, the lev-
els of interleukins decreased, indicating the reduction of inflammatory processes, but cardiac damage persists 
to a certain degree, even a week after PCI.

K e y w o r d: percutaneous coronary intervention, myocardial infarction, interleukin, creatine kinase MB, 
D-dimer, myoglobin.

M yocarditis is an inflammation of the heart 
that is characterized based on certain cri-
teria in histology, immunology, and im-

munohistochemistry, as defined by the World Health 
Organization [1, 2]. Myocarditis is often caused by 
viral infections, toxic chemicals, and autoimmune 
processes [3, 4].  Myocardial infarction can be clas-
sified depending on the presence or absence of ST-
segment elevation on the electrocardiogram (ECG) 
to ST-segment elevation myocardial infarction 
(STEMI), which forms up approximately 25–40% 
of MIs and non-ST Segment Elevation Myocardial 
Infarction (NSTEMI), which forms up approximate-

ly 60–75% of MIs. Acute myocardial infarction is 
myocardial necrosis resulting from acute obstruc-
tion of a coronary artery. Symptoms include chest 
discomfort with or without dyspnea, nausea, and/
or diaphoresis. Diagnosis is determined by electro-
cardiography (ECG) and the presence or absence of 
biomarkers [3, 4]. Complete and prolonged occlu-
sion of an epicardial coronary blood vessel typically 
leads to STEMI, while NSTEMI usually results from 
severe coronary artery narrowing, transient occlu-
sion, or microembolization of the thrombus [5]. The 
time standard for percutaneous coronary interven-
tion is 90 min and no more in a hospital equipped 
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with the tools and equipment necessary to perform 
percutaneous intervention. A meta-analysis of 23 
trials confirmed that performing primary intrave-
nous interventions reduces the mortality rate by 2% 
[4]. Studies indicate that when the procedure to re-
store blood flow to the heart, known as percutane-
ous coronary intervention, is completed in 90 min or 
less, patients tend to experience less heart damage, 
face a reduced number of heart-related complica-
tions, and have improved chances of survival over 
time [5]. The duration between a patient’s arrival 
at the hospital and the start of their percutaneous 
coronary intervention – a heart procedure to clear 
blocked arteries is critical. Shorter times can signifi-
cantly lower the risk of further heart complications 
and are key in improving patient survival rates. In 
2014, at the King Faisal Cardiac Centre, one in four 
patients managed to receive this crucial heart pro-
cedure within 90 min of arriving, which is an op-
timistic outcome for emergency heart care [5, 6]. 
When the heart muscle does not receive enough air, 
it hurts. This is called angina pectoris. For people 
with this medical condition, pain in the chest, neck, 
shoulder, back, or arm gets worse when they move 
or are stressed, but it goes away quickly when they 
rest or take nitroglycerin. A lot of people who have 
coronary heart disease (CHD) have angina [6, 7]. 
Major arterial problems are about twice as likely to 
happen if you have chronic angina. Studies that fol-
lowed people for 1 to 9 years found that risk factors 
like getting older, having a serious form of angina, 
having heart function problems, and having other 
diseases at the same time (like diabetes and chronic 
kidney disease) can make the disease worse [8, 9]. 
The interleukin (IL-1) family of cytokines has long 
been associated with regulating several cellular pro-
cesses, such as vascular permeability, leukocyte ad-
hesion, endothelial cell thrombogenic response, and 
extracellular matrix production [10, 11]. IL-1 is an 
important factor in the etiology of cardiac remode
ling and plays an important part in the activation of 
the inflammatory response that occurs after a heart 
attack. As a result, the signaling cascade of IL-1 in-
hibition may be an effective treatment target for MI 
patients [12]. IL-5 is a pleiotropic cytokine known 
to stimulate B cells and eosinophils. In particular, it 
was shown that human IL-5 increased the reactivity 
of specific pathogen-stimulated B-cells and was a 
critical element for terminal eosinophil differentia-
tion as well as eosinophil activation [13, 14]. IL-6 is 
considered an inflammatory cytokine secreted from 

monocytes and macrophages in response to the se-
cretion of interleukin 1. It plays an important role in 
inflammatory processes in the body [15]. Interleu-
kin-8 (IL-8), or CXCL8 based on the latest nomen-
clature, represents the prototypical chemokine of the 
CXC subfamily that recruits specific target cells and 
mediates inflammation and wound healing [16, 17]. 
Myoglobin can make oxymyoglobin, carboxymyo-
globin, or metmyoglobin and works similarly to he-
moglobin in that it can reversibly bind oxygen. How-
ever, unlike hemoglobin, myoglobin only possesses 
one oxygen-binding site with a far higher affinity.  
Therefore, at times of hypoxia, anoxia, or high meta-
bolic activity, myoglobin may either store oxygen or 
transfer it to muscle cells through the Bohr effect at 
the tissue level [18, 19]. D-dimer, which is produced 
when cross-linked fibrin degrades. Nonetheless, due 
to the specificity of serum D-dimer levels for fibrin, 
numerous other conditions, including acute NSTE-
MI, may induce an increase in levels. The most use-
ful biomarkers for the diagnosis of acute NSTEMI 
and acute coronary syndrome are cardiac troponins 
[19, 20]. Creatine kinase-MB (CK-MB) is one of the 
three isoforms of the CK enzyme. CK is not specific 
for MI since it is found in skeletal, brain, and car-
diac tissues. There are instances when CK increases 
with mild myocardial infarction may not be noticed, 
suggesting insufficient sensitivity. As a result, the 
CK test was eventually replaced by the CK-MB. For 
the last 20 years, CK-MB has been regarded as the 
gold standard for acute myocardial infarction due 
to its greater specificity in the heart muscle [20]. 
Inflammatory biomarkers, especially interleukins 
and cardiac biomarkers, have an important role in 
diagnosing and treating the inflammatory state of 
cardiovascular disease. In our study, inflammatory 
and cardiac factors were measured and monitored 
to determine the effect resulting from inflammation 
and the increased risk of heart disease, especially 
acute coronary syndrome. Cardiac catheterization or 
percutaneous coronary intervention (PCI) was first 
introduced in 1977. The PCI procedure is considered 
important because of its role in reopening closed 
blood vessels to save patients’ lives and reduce the 
risk of infection that could lead to death [20]. In-
creasingly complicated lesions and patients with a 
history of clinically significant cardiac disease, coro-
nary artery disease risk factors, comorbid diseases, 
or structural risk factors may now be treated thanks 
to experience with this method and advancements 
in technology [21]. The insertion of a catheter into 
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the blood vessels occurs through the arm or groin. 
A catheter is inserted through the blood vessels into 
the heart, specifically into the constricted coronary 
artery, utilizing fluoroscopy, a specialized form of 
X-ray imaging. A distended balloon tip covered with 
a stent is produced once the tip is in position. The 
stent is enlarged and the plaque is compressed by 
the balloon tip. After the stent has been positioned 
and the plaque has been compressed, the balloon is 
deflated and withdrawn. Stent insertion maintains 
the artery’s open position [20, 21]. The relationship 
between inflammation and heart disease and cathe
ter intervention is very important to improve pa-
tient outcomes and could expand understanding to 
discover or identify new therapeutic strategies that 
reduce inflammation or the risk of acute coronary 
syndrome. The study aims to determine the role of 
intravenous intervention on the levels of inflamma-
tory factors, especially interleukins.

Materials and Methods

The study examined a cohort of 50 individu-
als who were in good health (30 males and 20 fe-
males) as a control group. Additionally, it included 
100 individuals (50 males and 50 females) who had 
acute coronary syndrome and underwent success-
ful percutaneous coronary intervention (PCI) at the 
Nasiriya Heart Center. The time following the event 
after the intravenous intervention was performed de-
pends on the type of disease. It was in ST-segment 
elevation myocardial infarction (STEMI), so the 
time frame was 90 to 100 min of medical contact. 
For non-ST-segment elevation myocardial infarction 
(NSTEMI) or unstable angina, the time frame was 
divided into rapid intervention within 2 h and de-
layed intervention from 24 to 72 h. The study group 
was divided into two factions. The patients’ group 
was assessed before PCI, 24 h post-PCI, and 1 week 
post-PCI to obtain their measurements; however, 
50 patients refused to participate after one week, so 
the parameters were determined after 1 week only 
in 50 patients. The sample population comprised in-
dividuals aged 40 to 69. Between November 2021 
and April 2022, all patients in this investigation were 
diagnosed by specialists, and their diagnoses were 
confirmed by clinical and laboratory tests. Access to 
the bloodstream is achieved through either the femo-
ral or radial arteries. Ten milliliters of blood were 
taken from each patient before and after catheteri-
zation. Anticoagulant tubes containing sodium cit-
rate were used to transfer 1.8 ml of blood. The sam-

ple was subsequently centrifuged at 3000 rpm for 
15 min to separate the components, from which the 
plasma was isolated and stored at -20°C until analy-
sis. As a result of the propensity for these conditions 
to independently modify the variables of the study. 
To check the amounts of myoglobin, CK-MB, IL-8, 
IL-5, and IL-6, an enzyme-linked immunosorbent 
assay (ELISA) was used, as directed by Sunlog (Chi-
na). An immunoassay was conducted utilizing the 
Avis-6 apparatus to quantify the concentrations of 
troponin and D-dimer according to the company’s 
kits, Boditech Med Inc. Korea. Patients taking treat-
ments for heart disease such as statins and aldostero
ne antagonists were excluded, and those suffering 
from autoimmune diseases or malignant tumors 
were excluded.

Ethical approval. Ethical approval was re-
ceived from the ethical and research committee of 
Thi-Qar Directirate Alhabbobi Teaching Hospital 
(protocol number and date are based on the official 
facilitation letter number 344, 10/11/2021). Informed 
consent was obtained from all caregivers of patients 
who participated in the research.

Statistical analysis. Statistical analysis is of-
ten used to analyze quantitative data and provides 
methods for data description  and  simple inference 
for continuous and categorical data. The procedure 
involves the collection of data, leading to a test of the 
relationship between two statistical data sets. In this 
study, all data are presented as mean ± SD. The sta-
tistical analyses were performed using SPSS (version 
26) and using dependent t-tests (two-tailed) and in-
dependent t-tests (two-tailed) for normally distribu
ted variables, whereas the Mann-Whitney  and Wil-
coxon tests were used for those variables that were 
not normally distributed. P < 0.05 was considered 
statistically significant.

Results

Socio-demographic characteristics of the study 
groups. In this study, a comparative analysis was 
performed between two groups: the control group, 
which included 50 individuals (age 45.22± 3.12), 
and the patient group, which included 100 patients 
(age 47.63 ± 4.82). Regarding gender distribution, 
which does not indicate the presence of statistically 
significant differences, regarding the distribution of 
females, there were 20 females in the control group 
compared to 50 females in the patient group. The 
total number of individuals in both groups was 50 
in the control group and 100 in the patient group; 
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there were no significant differences by conventional 
statistical standards.

Comparison of the parameters between the 
control group and patients pre-PCI. Before PCI, 
patients had statistically significantly higher levels 
of IL-1β, IL-6, IL-8, cardiac troponin I, D-dimer, 
CK-MB, and myoglobin compared to the control 
group, which indicates the presence of an inflamma-
tory state and increased myocardial damage in these 
patients. On the other hand, IL-5 levels were sig-
nificantly lower in patients compared to the control 
group. These data provide a profound understanding 
of the biochemical and inflammatory status of pa-
tients in the pre-PCI period (Table 1).

Comparison of the parameters between the 
control group and patients 1 day post-PCI, and pa-
tients 1 week post-PCI. One day after PCI, patients 
had statistically significant higher levels of IL-6, 
IL-8, cardiac troponin I, and D-dimer than did the 
control group. The results showed no statistical sig-
nificance in the levels of interleukin 1 beta and in-
terleukin 5 in the group one day after PCI compared 
to the control group. A significant increase in myo-
globin levels was observed in patients one day after 
the PCI procedure compared to the control group. 
Myocardial injury and inflammatory alterations that 
can follow PCI were shown in the statistically signif-
icant increased levels. One week after PCI, the study 
found a statistically significant decrease in the levels 
of IL-1β and IL-6 in patients compared to the con-
trol group, while the levels of cardiac troponin I and 
D-dimer increased statistically significantly. Other 
components, such as IL-5, IL-8, CK-MB, and myo-

globin, showed non-significant differences compared 
to the control group. These results may indicate that 
inflammatory processes and cardiac damage persist 
to a certain degree, even a week after PCI (Table 2).

Comparison of the parameters between pa-
tients pre-PCI and patients one day post-PCI, and 
patients one week post-PCI. Comparing patients 
before and one day after PCI, data showed a statis-
tically significant decrease in levels of IL-1β, car-
diac troponin I, CK-MB, and myoglobin, as well 
as a significant increase in the levels of IL-5, IL-8, 
and D-dimer. There were no statistically significant 
differences in IL-6 levels between the two groups. 
These findings suggest important biochemical and 
inflammatory changes that occur after PCI that may 

T a b l e  1. Comparison of the parameters between-
the control group and patients pre-PCI

Parameters
Control 
group, 
n = 50

Patients 
Pre-PCI,
n = 100

IL-1β, pg/ml 88.41 ± 16.09 123.56 ± 19.66
IL-5, ng/l 11.65 ± 2.76 9.76 ± 2.88
IL-6, ng/l 4.09 ± 0.73 6.44 ± 1.08
IL-8, ngl 7.65 ± 0.12 9.90 ± 1.65
cTnI, ng/ml 0.019 ± 0.002 0.689 ± 0.213
D-dimer, ng/ml 357.63 ± 61.16 523.87 ± 87.86
CK-MB, ng/ml 3.66 ± 1.54 5.92 ± 1.77
Myoglobin, ng/ml 48.52 ± 6.77 71.64 ± 12.82
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Note: mean ± SD, P < 0.001

Parameters
Control group, 

n = 50

Patients one 
day post-PCI, 

n = 100 P value

Patients one 
week post-PCI, 

n = 100 P value

mean ± SD mean ±SD mean ±SD
IL-1β, pg/ml 88.41 ± 16.09 85.92 ± 13.52 0.423 81.66 ± 10.53 <0.01
IL-5, ng/l 11.65 ± 2.76 11.12 ± 1.32 0.998 10.87 ± 1.54 0.443
IL-6, ng/l 4.09 ± 0.73 6.85 ± 1.09 <0.001 4.12 ± 0.32 0.345
IL-8, ng/l 7.65 ± 0.12 11.43 ± 2.06 <0.001 8.43 ± 1.03 0.098
cTnI, ng/ml 0.019 ± 0.002 0.399 ± 0.188 <0.001 0.025 ± 0.007 <0.001
D-dimer, ng/ml 357.63 ± 61.16 866.52 ± 165.74 <0.001 481.94 ± 145.87 <0.01
CK-MB, ng/ml 3.66 ± 1.54 4.21 ± 0.65 0.234 4.62 ± 1.54 0.963
Myoglobin, ng/ml 48.52 ± 6.77 61.64 ± 12.74 <0.05 55.09 ± 10.55 0.456

T a b l e  2. Comparison of the parameters between control group and patients one day post-PCI and one week 
post-PCI
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T a b l e  3. Comparison of the parameters between patients pre-PCI and patients one day post-PCI, and pa-
tients one week post-PCI

Parameters
Patient pre-
PCI, n = 100

Patients one 
day post-PCI, 

n = 100 P value

Patients one 
week post-

PCI, n = 100 P value

mean ± SD mean ±SD mean ±SD
IL-1β, pg/ml 123.56 ± 19.66 85.92 ± 13.52 <0.001 81.66 ± 10.53 <0.001
IL-5, ng/l 9.76 ± 2.88 11.12 ± 1.32 <0.001 10.87 ± 1.54  0.001
IL-6, ng/l 6.44 ± 1.08 6.85 ± 1.09 0.876 4.12 ± 0.32 <0.001
IL-8, ng/l 9.90 ± 1.65 11.43 ± 2.06 <0.001 8.43 ± 1.03 < 0.01
cTnI, ng/ml 0.689 ± 0.213 0.399 ± 0.188 <0.001 0.025 ± 0.007 <0.0001
D-dimer, ng/ml 523.87 ± 87.86 866.52 ± 165.74 <0.001 481.94 ± 145.87 0.086
CK-MB, ng/ml 5.92 ± 1.77 4.21 ± 0.65 <0.01 4.62 ± 1.54 <0.001
Myoglobin, ng/ml 71.64 ± 12.82 61.64 ± 12.74 <0.01 55.09 ± 10.55 <0.001

be of interest in evaluating and managing the effects 
of this intervention. When comparing biochemi-
cal measurements between patients before and one 
week after PCI, the results showed statistically sig-
nificant decreases in the levels of IL-1β, IL-6, IL-8, 
cardiac troponin I, CK-MB, and myoglobin, while 
IL-5 levels increased. No statistically significant 
difference appeared in D-dimer levels. These results 
indicate a significant improvement in inflammation 
and myocardial damage over time after PCI, which 
may have a positive impact on the overall health sta-
tus of patients (Table 3).

Discussion

In this study, when comparing IL-1β levels 
between the control group and patients, there was 
a highly significant increase (P < 0.001) in serum 
IL-1β among patients pre-PCI. One day post-PCI, 
IL-1β dropped to show a non-significant difference 
compared to healthy. Weeks post-PCI also showed 
a non-significant difference compared to healthy. 
When comparing the IL-1β levels of patients one 
week, one day, and before PCI, a substantial and sta-
tistically distinguishable difference (P < 0.001) was 
seen among the patient groups. The study conducted 
by Bai et al. demonstrated that there is a large dis-
crepancy in the levels of IL-1 beta between the pa-
tient group and the control group due to the role of 
IL-1 in causing inflammation, as high levels can be 
clear evidence of an increased risk of infection, and 
this is consistent with our current research [22]. The 
results of some studies showed that levels of IL-1β 
were high in the group of patients with cardiovas-

cular disease compared to the control group, and 
the levels were at their peak approximately half an 
hour after suffering a heart attack, but after intra-
venous intervention, levels of IL-1 decreased after 
three days [23]. According to the findings by Li and 
colleagues in 2020, the levels of a substance in the 
blood known as IL-1β were measured before con-
ducting the percutaneous coronary intervention, 
a heart procedure. It turned out that there was no 
notable statistical difference in IL-1β levels between 
patients who later experienced a re-narrowing of 
their arteries (restenosis) and those who did not [24]. 
IL-1β is part of the IL-1 family and is a key player in 
triggering inflammation. It is produced primarily by 
immune cells such as macrophages and monocytes. 
In instances of tissue damage within the heart, IL-1β 
is released in large quantities as a reaction to the in-
flammation. The presence of IL-1β, along with other 
complements and cytokines, actively contributes to 
creating reactive oxygen species (ROS), which can 
increase the harm to the heart muscle, exacerbating 
the damage [25]. Following ischemic damage, the 
heart experiences remodeling and repair via an in-
flammatory response. The cryopyrin inflammasome 
is responsible for coordinating the cellular amplifica-
tion of the inflammatory response following tissue 
injury. Toxic and injury-causing substances trigger 
the inflammasome. As a result, it causes the activa-
tion of IL-1β by cutting pro-IL-1β with caspase-1, 
which is the enzyme responsible for the inflamma-
some’s effects. IL-1β promotes the attraction of white 
blood cells to the injured heart muscle, which is a 
key feature of the widespread inflammatory reaction 
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and enhances the generation of chemokines and cy-
tokines [26]. The current data about the correlation 
between IL-5 and ischemic heart disease is insuf-
ficient. The current investigation found that patients 
before PCI had significantly decreased IL-5 levels 
compared to healthy controls (P < 0.001). When 
comparing the control group with the groups who 
received PCI one day and one week later, it was seen 
that IL-5 levels reverted to normal [27]. This indi-
cates the role of intravenous intervention in reducing 
the levels of cytokines, especially those that cause 
inflammation, which helps reduce the resulting risks 
that may be caused by immune inflammatory fac-
tors. At the same time, some studies have shown an 
inverse relationship between IL-5 levels and cardio-
vascular disease, according to Knutsson et al. [28].

These investigations have demonstrated that 
splenectomy has a proatherogenic impact, but the 
transfer of B1 cells can counteract this impact. Fur-
thermore, this counteracting effect is contingent 
upon the B1 cells’ capacity to manufacture IgM an-
tibodies [29]. One important trigger is IL-5, which is 
released from type 2 innate lymphoid cells (ILC2). 
However, the exact steps that B1 cells take to make 
danger-associated molecular pattern-specific IgM 
antibodies are still not well understood [30]. In the 
study, when comparing IL-6 between the control 
group and patients, we noticed a highly significant 
increase in serum IL-6 among patients pre-PCI 
compared to the control group (P < 0.001). One day 
post-PCI, IL-6 continued to rise to show a signifi-
cant difference compared to healthy (P < 0.001). One 
week post-PCI, in spite of IL-6 decreasing, it still 
showed a significant difference compared to healthy. 
Based on the research conducted by Groot et al., 
the initial concentration of IL-6 was determined 
to be 3.7 pg/ml. The concentration increased four-
fold within 24 h, reaching 10.3 pg/ml (P < 0.001). 
However, it then decreased to 1.8 picograms per mil-
liliter (P < 0.001) after two weeks [31]. In the study 
conducted by Tøllefsen et al., an examination was 
conducted on 256 people suffering from myocardial 
infarction. It was found that the levels of interleu-
kin 6 increased at the beginning of the injury until 
24 h had passed, and then a decrease in the levels 
of interleukin was observed after four months. The 
decline reaches its peak. Regarding the study con-
ducted by Sun et al., there was an increase in IL-6 
levels in restenosis compared to people who were in 
good health and had an appropriate response to treat-
ment [31, 32]. Cytokines play an important role in 

causing inflammation, especially IL-6, as they lead 
to an increase in blood viscosity and the number of 
platelets. It can affect the deposition of fibrinogen in 
the blood vessels and lead to atherosclerosis. It has 
an important role in the development of cardiovascu-
lar diseases [33, 34].

A study found that IL-8 levels increase in peo-
ple with cardiovascular disease. On the contrary, 
some studies have shown high levels of IL-8 after 
the intravenous intervention, and approximately a 
week after the intravenous intervention, the inter-
leukin levels continued to rise  A study conducted 
by Correia et al. showed the presence of different 
levels of IL-8 before and after the intravenous inter-
vention. Also, there are statistically significant dif-
ferences in the levels of interleukin in the blood of 
people with cardiovascular disease compared to the 
control group, according to Lima et al. and Khalid 
et al. [35, 36]. Monocytes are attracted to the sub-
endothelial space by IL-8. Furthermore, it increases 
the likelihood of plaque formation and also impacts 
arterial smooth muscle cells by inducing cell divi-
sion and attracting other cells [37-39]. The study 
revealed that compared to the control group, the pa-
tients group before PCI had higher D-dimer levels. 
D-dimer levels rose in the patient group statistically 
substantially more than in the control group one day 
after the PCI procedure. In the patient group one 
week after the PCI procedure, there was also a sig-
nificant increase. These results corroborate those of 
Gong et al. [40]. The results of the study conducted 
by Gong et al. showed that D-dimer levels can pre-
dict cardiac events that affect patients. The study in-
cluded 2410 patients whose angiography proved the 
existence of coronary artery disease (CAD) [40, 41]. 
Meta-analysis study conducted by Biccirè et al. con-
cluded that increased D-dimer was linked to in-hos-
pital and short- and long-term complications in ACS 
patients. D-dimer was also higher in patients with 
the no-reflow phenomenon. D-dimer may be used 
to identify ACS patients who still have a thrombotic 
risk [42]. D-dimer levels reflect increased coagula-
tion and fibrinolytic activity. High amounts of D-di-
mer are linked to some unhealthy processes, such as 
thrombosis and plaque necrosis. During the chronic 
phase of atherosclerosis, changes can be seen in how 
the blood clots and how fibrin breaks down. The 
development of thrombi at the site of atherosclerotic 
lesions, especially on a plaque that has ruptured, is 
a key part of atherothrombosis [43]. The levels of 
CK-MB and myoglobin were higher in the patients 
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who had PCI than in the comparison group. One day 
after the PCI treatment, there was a statistically sig-
nificant rise in myoglobin levels in the patient group 
compared to the control group. However, there were 
no statistically significant changes in CK-MB levels. 
It also showed no statistical significance in the group 
of patients one week after the PCI procedure. These 
results are consistent with Montaser et al. and Zhoa 
et al. [44, 47]. Based on the research conducted by 
Montaser et al., a median concentration of CK-MB 
and myoglobin was found to be 6.5 ng/l that is higher 
in the MI group than in the control group (1.4 ng/l) 
(P < 0.001) [44]. People who have high levels of CK-
MB (≥4.730 ng/ml) and have coronary heart disease 
are more likely to die, according to research results 
by Wu et al. [45]. The results showed that people 
who have coronary heart disease have high CK-MB 
levels, according to the research conducted Wu et al. 
[45]. High levels of CK-MB can lead to death [46]. 
The decrease in CK-MB and myoglobin levels after 
PCI is evidence of the important role of percutaneous 
coronary intervention on cardiac biomarkers. The 
study conducted by Zhoa et al. also proved that myo-
globin levels were high in all study groups with heart 
disease, especially coronary artery syndrome [47]. 
Although the results indicated that all patient groups' 
cardiac troponin levels increased significantly more 
than those of the control group both before and af-
ter the PCI operation, these findings are in line with 
Baulk et al. [48]. Studies abound that show troponins 
start to show up in the blood 4–10 h after AMI starts 
[48]. Troponin levels peak between 12 and 48 h, af-
ter which they stay high for 4 to 10 days. Sampled 
6–12 h after acute chest pain onset, the sensitivity 
for troponin T and I detection approaches 100% [49]. 
In the cardiac sarcomere, actin-thin filaments bind to 
92–95% of troponin, leaving 5–8% free in the myo-
cyte cytoplasm [50]. The early releasable troponin 
pool’ (ERTP) is composed of free, unconstrained 
cTn. When considering the numerous mechanisms 
of troponin release into the bloodstream, the ERTP 
concept is useful. It is believed that ERTP is released 
immediately after myocyte damage; furthermore, 
under the assumption of normal renal function, this 
would be promptly eliminated. In contrast, the deg-
radation of structurally bound cTn occurs gradually 
and over the course of several days, resulting in a 
more consistent and steady release of troponin [51].

Conclusion. In conclusion, the results showed 
no statistical evidence of differences in age and 
gender between the two groups. As for the levels of 

interleukin before performing the therapeutic inter-
vention, interleukin levels (IL-1β, IL-6, and IL‑8) 
increased significantly pre-PCI compared to the 
control group, while IL-5 decreased significantly 
and this indicates the presence of inflammation, 
but after performing the intravenous intervention, 
the levels of some interleukins decreased to levels 
that show the absence of statistical evidence such as 
IL-1β, IL‑5, and IL-6 in the one day after PCI com-
pare to the control group, and IL-5, IL-6, and IL-8 
in the week after PCI compare to the control group, 
and this indicates the important role that intrave-
nous intervention plays in enhancing cardiovascular 
health and reducing the rate of inflammatory fac-
tors, and this is what was concluded in this article. 
The practical importance of knowing the role of PCI 
and its effect on reducing risk factors and inflamma-
tory factors is an important stage in getting rid of 
health problems in the future. The data and results 
can also be used to understand the pathophysiology 
and important dynamics of inflammatory and car-
diac factors for the purpose of developing an anti-
inflammatory treatment or immunotherapy despite 
some difficulties, such as the polymorphic effect of 
interleukins. 
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Серцево-судинні захворювання є одни-
ми з найпоширеніших захворювань у світі, які 
вражають будь-який вік і іноді призводять до 
смерті. Атеросклероз, коронарний синдром та 
інфаркт міокарда зазвичай пов’язані з оклюзією 
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артерій і вимагають черезшкірного коронарно-
го втручання (ЧКВ) як нехірургічної процедури 
для відновлення кровотоку до серця. Важливу 
роль у діагностиці стану пацієнтів із уражен-
ням серця відіграють біомаркери запалення, 
особливо інтерлейкіни та серцеві біомаркери. 
Мета дослідження полягала в оцінці сироватко-
вих рівнів інтерлейкінів і серцевих біомаркерів 
після ЧКВ для зниження ризику гострого ко-
ронарного синдрому. У дослідженні взяли 
участь 100 осіб віком від 40 до 69 років із го-
стрим коронарним синдромом, які перенесли 
успішне ЧКВ, і контрольна група, що складала-
ся з 50 здорових учасників такого ж віку. Рівні 
інтерлейкінів, креатинкінази MB та міоглобіну 
вимірювали за допомогою імуноензимного 
аналізу. Рівні тропоніну та D-димеру оцінювали 
імуноензимним методом. Показано, що пацієнти 
перед ЧКВ мали значно вищі рівні IL-1β, 
IL‑6, IL-8, серцевого тропоніну I, D-димеру, 
креатинкінази-MB та міоглобіну порівняно з кон-
трольною групою. Через добу після ЧКВ, рівні 
IL-6, IL-8, серцевого тропоніну І та D-димеру 
залишалися підвищеними. Через тиждень після 
ЧКВ, рівні IL-1β, IL-6, IL-8, CK-MB і міоглобіну 
не виявили суттєвих відмінностей, тоді як рівні 
серцевого тропоніну I та D-димеру залиша-
лися підвищеними. Таким чином, у пацієнтів 
після ЧКВ, рівень інтерлейкінів знижується, 
що вказує на зменшення запальних процесів, 
але ураження серця певною мірою зберігається 
навіть через тиждень після процедури.

К л ю ч о в і  с л о в а: черезшкірне коронар-
не втручання, інфаркт міокарда, інтерлейкіни, 
креатинкіназа MB, D-димер, міоглобін.

References

1. Tschöpe C, Ammirati E, Bozkurt B, Caforio ALP, 
Cooper LT, Felix SB, Hare JM, Heidecker B, 
Heymans S, Hübner N, Kelle S, Klingel K, 
Maatz H, Parwani AS, Spillmann F, Starling RC, 
Tsutsui H, Seferovic P, Van Linthout S. 
Myocarditis and inflammatory cardiomyopathy: 
current evidence and future directions. Nat Rev 
Cardiol. 2021; 18(3): 169-193.

2. Peretto G, Sala S, Della Bella P, Basso C, 
Cooper  LT Jr. Reply: Genetic Basis for Acute 
Myocarditis Presenting With Ventricular 
Arrhythmias? J Am Coll Cardiol. 2020; 76(1): 
126-128.

3. Peretto G, Sala S, Rizzo S, De Luca G, 
Campochiaro C, Sartorelli S, Benedetti  G, 
Palmisano A, Esposito A, Tresoldi M, Thiene G, 
Basso C, Della Bella P. Arrhythmias in 
myocarditis: State of the art. Heart Rhythm. 
2019; 16(5): 793-801.

4. Peretto G, Casella M, Merlo M, Benedetti  S, 
Rizzo  S, Cappelletto C, Di Resta C, 
Compagnucci P, De Gaspari M, Dello Russo A, 
Casari G, Basso C, Sala C, Sinagra G, Della 
Bella P, Cooper LT Jr. Inflammation on 
Endomyocardial Biopsy Predicts Risk of MACE 
in Undefined Left Ventricular Arrhythmogenic 
Cardiomyopathy.  ACC Clin Electrophysiol. 
2023; 9(7 Pt 1): 951-961.

5. Hartikainen TS, Sörensen NA, Haller  PM, 
Goßling A, Lehmacher J, Zeller T, 
Blankenberg  S, Westermann D, Neumann  JT. 
Clinical application of the 4th Universal 
Definition of Myocardial Infarction. Eur Heart 
J. 2020; 41(23): 2209-2216.

6. Ford TJ, Ong P, Sechtem U, Beltrame J, 
Camici PG, Crea F, Kaski JC, Bairey Merz CN , 
Pepine CJ, Shimokawa H, Berry C. Assessment 
of Vascular Dysfunction in Patients Without 
Obstructive Coronary Artery Disease: Why, 
How, and When. JACC Cardiovasc Interv. 2020; 
13(16): 1847-1864.

7.  Iheukwumere-Esotu LO, Kaltungo AY. 
Assessment of Barriers to Knowledge and 
Experience Transfer in Major Maintenance 
Activities. Energies. 2020; 13(7): 1721.

8. Rieckmann N, Neumann K, Feger S, Ibes P, 
Napp A, Preuß D, Dreger H, Feuchtner G, 
Plank  F, Suchánek V, Veselka J, Engstrøm T, 
Kofoed KF, Schröder S, Zelesny T. et al. Health-
related qualify of life, angina type and coronary 
artery disease in patients with stable chest pain. 
Health Qual Life Outcomes. 2020; 18(1): 140.

9. Mesnier J, Ducrocq G, Danchin N, Ferrari  R, 
Ford I, Tardif JC, Tendera M, Fox KM, 
Steg PG, CLARIFY Investigators. International 
observational analysis of evolution and outcomes 
of chronic stable angina: the multinational 
CLARIFY study. Circulation. 2021; 144(7): 
512-523.

10. Abbate A, Toldo S, Marchetti C, Kron J, Van 
Tassell BW, Dinarello CA. Interleukin-1 and 
the inflammasome as therapeutic targets in 
cardiovascular disease. Circ Res. 2020; 126(9): 
1260-1280.

H. S. Abd-Alwahab, B. A. H. Mahmeed, N. A. Nasser, O. A. Mohsein



52

ISSN 2409-4943. Ukr. Biochem. J., 2024, Vol. 96, N 4

11. Migliorini P, Italiani P, Pratesi F, Puxeddu I, 
Boraschi D. The IL-1 family cytokines and 
receptors in autoimmune diseases. Autoimmun 
Rev. 2020; 19(9): 102617.

12. Gaballa JM, Højen JF, De Graaf DM, Amo-
Aparicio J, Marchetti C, Cavalli G, Dinarello A, 
Li S, Corbisiero MF, Tengesdal IW, Redzic JS, 
Azam T, Webber WS 3rd, Pankratz KA, 
May MJ, Cominelli F, Eisenmesser EZ, Kim S, 
Dinarello  CA, Boraschi D. International 
nomenclature guidelines for the IL-1 family of 
cytokines and receptors. Nat Immunol. 2024; 
25(4): 581-582.

13. Ait-Oufella H, Libby P, Tedgui A. Anticytokine 
immune therapy and atherothrombotic 
cardiovascular risk. Arterioscler Thromb Vasc 
Biol. 2019; 39(8): 1510-1519.

14. Caveney NA, Rodriguez  GE, Pollmann C, 
Meyer T, Borowska MT, Wilson SC, Wang N, 
Xiang X, Householder KD, Tao P, Su LL , 
Saxton RA, Piehler J, Garcia KC. Structure of the 
interleukin-5 receptor complex exemplifies the 
organizing principle of common beta cytokine 
signaling. Mol Cell. 2024; 84(10): 1995-2005.e7.

15.  Dimosiari A, Patoulias D, Kitas GD, 
Dimitroulas  T. Do Interleukin-1 and 
Interleukin-6 Antagonists Hold Any Place in 
the Treatment of Atherosclerotic Cardiovascular 
Disease and Related Co-Morbidities? An 
Overview of Available Clinical Evidence. J Clin 
Med. 2023; 12(4): 1302. 

16. Kopyta I, Dobrucka-Głowacka A, Cebula A, 
Sarecka-Hujar B. Does the Occurrence of 
Particular Symptoms and Outcomes of Arterial 
Ischemic Stroke Depend on Sex in Pediatric 
Patients?-A Pilot Study. Brain Sci. 2020; 10(11): 
881.

17. Kany S, Vollrath JT, Relja B. Cytokines in 
inflammatory disease. Int J Mol Sci. 2019; 
20(23): 6008.

18.  Adepu KK,  AnishkinA, Adams SH, 
Chintapalli SV. A versatile delivery vehicle for 
cellular oxygen and fuels, or metabolic sensor? - 
A review and perspective on the functions of 
myoglobin. Physiol Rev. 2024 May 2.

19. Giuliani KTK, Kassianos AJ, Healy H, Gois 
PHF. Pigment nephropathy: novel insights into 
inflammasome-mediated pathogenesis. Int J 
Mol Sci. 2019; 20(8): 1997.

20. Orman A, Altun MM, Benli S, Çağlar A, 
Taşkın E, Hakan N, Aydin  M. Can Cardiac 
Biomarkers (Troponin-I and CK-MB) Indicate 

Disease Severity and Predict Mortality in Septic 
Newborns? 2021.

21. Münzel T, Hahad O, Sørensen M, Lelieveld  J, 
Duerr GD, Nieuwenhuijsen M, Daiber A. 
Environmental risk factors and cardiovascular 
diseases: a comprehensive expert review. 
Cardiovasc Res. 2022; 118(14): 2880-2902.

22. Bai YJ, Li ZG, Liu WH, Gao D, Zhang PY, 
Liu M. Effects of IL-1β and IL-18 induced by 
NLRP3 inflammasome activation on myocardial 
reperfusion injury after PCI. Eur Rev Med 
Pharmacol Sci. 2019; 23(22): 10101-10106.

23. Zhao Z, Du S, Shen S, Wang L. microRNA-132 
inhibits cardiomyocyte apoptosis and myocardial 
remodeling in myocardial infarction by targeting 
IL-1β. J Cell Physiol. 2020; 235(3): 2710-2721.

24. Li A, Yu Y, Ding X, Qin Y, Jiang Y, Wang X, 
Liu G, Chen X, Yue E, Sun X, Zahra SM, Yan Y, 
Ren L, Wang S, Chai L, Bai Y, Yang B. MiR-
135b protects cardiomyocytes from infarction 
through restraining the NLRP3/caspase-1/IL-1β 
pathway. Int J Cardiol. 2020; 307: 137-145.

25. Pluijmert NJ, Atsma DE, Quax PHA. Post-
ischemic Myocardial Inflammatory Response: 
A Complex and Dynamic Process Susceptible 
to Immunomodulatory Therapies. Front 
Cardiovasc Med. 2021; 8: 647785.

26. Toldo S, Mauro AG, Cutter Z, Abbate A. 
Inflammasome, pyroptosis, and cytokines in 
myocardial ischemia-reperfusion injury. Am 
J Physiol Heart Circ Physiol. 2018; 315(6): 
H1553-H1568.

27. Ye D, Wang Z, Ye J, Wang M, Liu J, Xu Y, 
Jiang H, Chen J, Wan J. Interleukin-5 levels 
are decreased in the plasma of coronary artery 
disease patients and inhibit Th1 and Th17 
differentiation in vitro. Rev Esp Cardiol (Engl 
Ed). 2020; 73(5): 393-402.

28. Knutsson A, Björkbacka H, Dunér P, Engström G, 
Binder CJ, Nilsson AH, Nilsson J. Associations 
of Interleukin-5 With Plaque Development and 
Cardiovascular Events. JACC Basic Transl Sci. 
2019; 4(8): 891-902.

29. Ait-Oufella H, Lavillegrand JR, Tedgui A. 
Regulatory T Cell-Enhancing Therapies to Treat 
Atherosclerosis. Cells. 2021; 10(4): 723.

30. Ambegaonkar AA, Holla P, Sohn H, George R, 
Tran TM, Pierce SK. Isotype switching in human 
memory B cells sets intrinsic antigen-affinity 
thresholds that dictate antigen-driven fates. Proc 
Natl Acad Sci USA. 2024; 121(13): e2313672121.



53

31. Groot HE, Al Ali L, van der Horst ICC, 
Schurer RAJ, van der Werf HW, Lipsic E, van 
Veldhuisen DJ, Karper JC, van der Harst P. 
Plasma interleukin 6 levels are associated with 
cardiac function after ST-elevation myocardial 
infarction. Clin Res Cardiol. 2019; 108(6): 612-
621.

32. Tøllefsen IM, Shetelig C, Seljeflot I, Eritsland J, 
Hoffmann P, Andersen GØ. High levels of 
interleukin-6 are associated with final infarct 
size and adverse clinical events in patients with 
STEMI. Open Heart. 2021; 8(2): e001869.

33. An J, Gu Q, Cao L, Yang H, Deng P, Hu C, Li M. 
Serum IL-6 as a vital predictor of severe lung 
cancer. Ann Palliat Med. 2021; 10(1): 202-209.

34. Murakami M, Kamimura D, Hirano T. Pleiotropy 
and Specificity: Insights from the Interleukin 6 
Family of Cytokines. Immunity. 2019; 50(4): 
812-831.

35. Esteves Lima RP, Atanazio ARS, Costa FO, 
Cunha FA, Abreu LG. Impact of non-surgical 
periodontal treatment on serum TNF-α levels in 
individuals with type 2 diabetes: A systematic 
review and meta-analysis. J Evid Based Dent 
Pract. 2021; 21(2): 101546.

36. Khalid HA, Thuwaini MM, Al-Snafi AE. 
Clinical usefulness of cytokines as diagnostic 
and follow up markers in patients with stable 
angina pectoris. Int J Health Sci. 2022; 6(S6): 
7102-7113.

37. Wang Y, Matter MA, Rossi VA, Heg  D, 
Costantino  S, Staehli BE, Raeber L, 
Windecker  S, Mach F, Gencer B, Rodondi  N, 
Nanchen D, Levesque M, Ruschitzka F, 
Matter  CM. In patients with acute myocardial 
infarction interleukin-8 levels are related to 
impaired renal function and predict recurrent 
infarction or death at 1-year follow-up - a case-
control study. Eur Heart J. 2023; 44(Suppl 2): 
ehad655.1384. 

38. Moreno Velásquez I, Gajulapuri A, Leander K, 
Berglund A, de Faire U, Gigante B. Serum IL8 
is not associated with cardiovascular events 
but with all-cause mortality. BMC Cardiovasc 
Disord. 2019; 19(1): 34.

39. An Z, Li J, Yu J, Wang X, Gao H, Zhang W, 
Wei Z, Zhang J, Zhang Y, Zhao J, Liang X. 
Neutrophil extracellular traps induced by IL-8 
aggravate atherosclerosis via activation NF-κB 
signaling in macrophages. Cell Cycle. 2019;  
18(21): 2928-2938.

40. Zhan H, Chen H, Liu C, Cheng L, Yan S, Li H, Li Y. 
Diagnostic Value of D-Dimer in COVID-19: A 
Meta-Analysis and Meta-Regression. Clin Appl 
Thromb Hemost. 2021; 27: 10760296211010976.

41. Gu LF, Gu J, Wang SB, Wang H, Wang YX, 
Xue Y, Wei TW, Sun JT, Lian XQ, Liu JB, 
Jia  EZ, Wang LS. Combination of D-dimer 
level and neutrophil to lymphocyte ratio 
predicts long-term clinical outcomes in acute 
coronary syndrome after percutaneous coronary 
intervention. Cardiol J. 2023; 30(4): 576-586.

42.  Biccirè FG, Farcomeni A, Gaudio C, 
Pignatelli P, Tanzilli G, Pastori D. D-dimer for 
risk stratification and antithrombotic treatment 
management in acute coronary syndrome 
patients: a systematic review and metaanalysis. 
Thromb J. 2021; 19: 1-14.

43. Huang D, Gao W, Wu R, Zhong X, Qian J, 
Ge J. D-dimer level predicts in-hospital adverse 
outcomes after primary PCI for ST-segment 
elevation myocardial infarction. Int J Cardiol. 
2020; 305: 1-4.

44. Amin El-Lakwah E, Montaser S, Abd El-
Aziz W, Ghanayem N, Soliman M. Diagnostic 
impact of serum myoglobin and human heart-
type fatty acid binding protein in patients with 
acute myocardial infarction. Menoufia Med J. 
2016; 29(2): 423. 

45. Wu YW, Ho SK, Tseng WK, Yeh HI, Leu HB, 
Yin WH, Lin TH, Chang KC, Wang JH, Wu CC, 
Chen JW. Potential impacts of high-sensitivity 
creatine kinase-MB on long-term clinical 
outcomes in patients with stable coronary heart 
disease. Sci Rep. 2020; 10(1): 5638.

46. Jang JS, Jin HY, Seo JS, Yang TH, Kim  DK, 
Kim DS, Cho KI, Kim BH, Je HG, Park  YH. 
Prognostic value of creatine kinase-myocardial 
band isoenzyme elevation following 
percutaneous coronary intervention: a meta-
analysis. Catheter Cardiovasc Interv. 2013; 
81(6): 959-967.

47. Zhao B, Sun S, Wang Y, Zhu H, Ni T, Qi X, 
Xu L, Wang Y, Yao Y, Ma L, Chen Y, Huang J, 
Zhou W, Yang Z, Sheng H, Qu H, Chen E, Li J, 
Mao E. Cardiac indicator CK-MB might be a 
predictive marker for severity and organ failure 
development of acute pancreatitis. Ann Transl 
Med. 2021; 9(5): 368.

48. Jaffe AS, Landt Y, Parvin CA, Abendschein DR, 
Geltman EM, Ladenson JH. Comparative 
sensitivity of cardiac troponin I and lactate 
dehydrogenase isoenzymes for diagnosing acute 

H. S. Abd-Alwahab, B. A. H. Mahmeed, N. A. Nasser, O. A. Mohsein



54

ISSN 2409-4943. Ukr. Biochem. J., 2024, Vol. 96, N 4

myocardial infarction. Clin Chem. 1996; 42(11): 
1770-1776.

49. Balk EM, Ioannidis JP, Salem D, Chew PW, 
Lau J. Accuracy of biomarkers to diagnose acute 
cardiac ischemia in the emergency department: 
a meta-analysis. Ann Emerg Med. 2001; 37(5): 
478-494.

50. Takeda S, Yamashita A, Maeda K, Maéda Y. 
Structure of the core domain of human cardiac 
troponin in the Ca2+-saturated form. Nature. 
2003; 424(6944): 35-41.

51. White HD. Pathobiology of troponin elevations: 
do elevations occur with myocardial ischemia 
as well as necrosis? J Am Coll Cardiol. 2011; 
57(24): 2406-2408.


