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ABSTRACT 

 
Increasing evidence suggests that inflammatory and immunological factors present in the general population play a 

role in the pathogenesis of cardiovascular disease in RA. More than that, RA is treated with a wide range of drugs, many of 

which have the potential to alter cardiovascular function. Non-steroidal anti-inflammatory medicines (NSAIDs) have been linked 

to an increased risk, whereas some treatments, like methotrexate and TNF inhibitors, have been linked to a reduced risk. 

Cardiac catheterization is just one of several possible procedures that can be done on the heart. More than a million people in 

the United States get cardiac catheterization each year. [1] Any time a surgeon makes incisions into a patient, they must be ready 

for the possibility of complications, whether they arise from the patient or the surgery itself. Fortunately, the prevalence of these 

issues has decreased considerably in recent years thanks to developments in cardiac catheterization equipment, advances in the 

experience of the operators, and the introduction of novel methods. The term "cardiac catheterization" can refer to either a 

right heart or a left heart catheterization, or both. Depending on the patient's condition, interventional cardiologists can do 

either diagnostic or therapeutic operations. The dangers and difficulties that can arise during a diagnostic cardiac 

catheterization are briefly discussed in this article. 
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I. INTRODUCTION 
 

Patients suffering with rheumatoid arthritis 

(RA) have a significantly increased risk of 

cardiovascular-related morbidity and mortality as 

compared to the general population. There is no 

correlation between this increased risk and factors such 

as age, smoking, gender, hypertension, or raised 

cholesterol levels. When utilising standard CVD 

prediction models, patients who have rheumatoid 

arthritis are frequently treated as if they had a 

cardiovascular disease risk that is 1.5 times higher than 

average. [1]. The pathophysiology of cardiovascular 

sickness in RA is becoming more understood, and it 

appears to be related to inflammatory and 

immunological variables that are common in the 

population. On top of that, there is a wide variety of 

medication that is used to treat RA, and many of these 

medications can have an effect on the health of the 

cardiovascular system. Other treatments, such as 

methotrexate and inhibitors of tumour necrosis factor 

(TNF), have been related to a lower risk, while others, 

such as non-steroidal anti-inflammatory drugs 

(NSAIDs), have been connected to an increased risk. 

There are a wide variety of procedures that can be 

performed on the heart, but cardiac catheterization is one 

of the most prevalent. In the United States each year, 

there are more than one million people who have cardiac 

catheterizations done. [1] During any invasive surgery, 

you should always be prepared for the possibility of 

complications, both from the patient and from the 

operation itself. As a result of advancements in cardiac 

catheterization technology, increases in the operators' 

level of expertise, and the implementation of novel 

procedures, the rates of occurrence of these 

complications have dropped dramatically in recent years. 
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When referring to a "cardiac catheterization," it is 

important to note that it is possible to do either a right 

heart catheterization, a left heart catheterization, or both. 

Interventional cardiologists are able to perform either 

diagnostic or therapeutic procedures on patients, 

depending on the nature of the patient's ailment. This 

article offers a brief summary of the potential risks and 

complications that may be associated with a typical 

diagnostic cardiac catheterization. 

 

II. MATERIAL & METHODS 
 

Author survey the literature using the terms 

"cardiovascular disease," "cardiovascular complication," 

"cardiovascular system," and "cardiovascular risk" in 

Pubmed, Scopus, and Web of Science. This article is a 

synthesis of the most up-to-date relevant reviews, 

systematic reviews, or meta-analyses, as well as any 

additional information gained from the most recent 

relevant articles. 

 

III. PATHOGENESIS OF 

CARDIOVASCULAR DISEASES 
 

To put it simply, cardiovascular disease is a 

condition in which the blood vessels are constantly 

inflamed. As a major contributor to global morbidity, it 

is a serious public health and economic issue around the 

world. Some frequent CVDs, such as atherosclerosis, 

vascular disease, and heart disease, play a significant 

role in the global disability and mortality structure. 14,15 

Increased levels of proinflammatory cytokines like 

interferon- (IFN-), IL-1, IL-6, and TNF- are linked to 

various heart diseases like coronary heart disease 

(CHD), atherosclerotic heart disease, and congestive 

heart failure (CHF). The development of an 

atherosclerotic plaque is greatly aided by the presence of 

these cytokines. In the inner layer (also called the "tunica 

intima") of artery walls (endothelium), the atheroma 

accumulates macrophages, lipid-laden cells, mast cells, 

T cells, and other degenerative material. 16–19 Once 

activated, macrophages release a cocktail of cytokines, 

chemokines, and other pro-inflammatory molecules that 

damage tissue and set the stage for further inflammation. 

This encourages the growth of atherosclerotic plaque. 

19–21 Inflammatory cytokines play a significant role in 

atherosclerotic plaque formation. Plaques and lesions 

have a significant effect on endothelial function. This 

disrupts the endothelium's normal function and promotes 

the early stages of the atherosclerotic process. 14 Many 

chronic inflammatory disorders are also linked to the 

production of inflammatory cytokines. Recent research 

has shown that high levels of cytokines like TNF-, IL-6, 

and IL-1 encourage the expression of pro-atherogenic 

genes. 22 An inflammatory response in the vessel wall is 

triggered by the retention and infiltration of endothelial 

tunica intima. 19 Phospholipid release is stimulated 

when low-density lipoprotein (LDL) is modified by 

enzymatic attack or oxidation in its inner layer. Because 

of this, endothelial cells can be stimulated, which may 

hasten the upregulation of inflammatory gene 

expression. As a result, a buildup of lipid-laden cells or 

lipids may trigger an inflammatory cascade in the artery. 

23,24 Foam cells develop after monocytes are recruited 

by chemokines and then differentiate into macrophages 

within the tunica intima. Proinflammatory signals are 

amplified due to macrophage proliferation and secretion 

of inflammatory cytokines and growth factors. 25 The 

development of atherosclerotic lesions relies heavily on 

this stage. 26 Not only that, but this process enhances the 

activity of toll-like receptors. 19 These receptors activate 

cells by setting off a chain reaction of signals. When a 

macrophage becomes activated, it secretes molecules 

like nitrogen radical molecules, proteases, cytotoxic 

oxygen, and inflammatory cytokines. 27 Mast cells, 

dendritic cells and endothelial cells also show similar 

effects. 

 

 
Fig. 1: Mechanism of CVDs induced by inflammation 

(“+” = increased). 

 

Numerous toll-like receptors recognise bacterial 

toxins, DNA motifs and stress proteins. 27 Furthermore, 

oxidised LDL particles and heat-shock protein 60 of 

human being may stimulate toll-like receptors. 28,29 

Cells in atherosclerotic plaques show a spectrum of these 

receptors and inflammation of atherosclerosis may be 

dependent on this pathway. 30,31 \sT cells, the immune 

cells, also contribute in atherogenesis. 25 Natural killer 

T cells are available in early atherosclerotic plaques. 

Lipid antigens are recognised by these cells. The 

activation of these killer cells induces atherosclerotic 

lesions in ApoE knockout mice. 32 Different viral 

antigens may be present in the plaques, which are 

recognised by these cells. The activation of these cells in 

knockout mice may also initiate or stimulate 

atherosclerosis by promoting the death of arterial cells. 
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33 Furthermore, T-cell activation causes the release of 

inflammatory cytokines. Responses of type 1 helper T 

cells (Th1) activate inflammatory macrophages, and 

responses of type 2 helper T cells (Th2) speed up 

allergic inflammatory processes; both are typical in 

inbred mice. 19,34 Atherosclerotic plaques have 

cytokines that can spark a Type 1 immune response. By 

releasing the macrophage-stimulating cytokine IFN-, 

activated T cells develop into Th1 effector cells, which 

in turn stimulates the production of inflammatory TNF 

and IL-1, as previously discussed (19,35). The vascular 

cells' production of various cytotoxic and inflammatory 

molecules is enhanced by the synergistic effect of these 

cytokines. 36 The accumulation of these factors leads to 

the development of atherosclerotic lesions (Figure 1). 

Atherogenic risk factors include smoking, high 

cholesterol, high blood pressure, diabetes, and obesity. 

36,37 

 

IV. ENDOTHELIAL DYSFUNCTION 
 

Normal homeostatic conditions are 

characterised by minimal or no expression of 

proinflammatory factors by the endothelium, hence 

preserving normal vascular tone and blood fluidity. 

Endothelial dysfunction is linked to both established and 

emerging cardiovascular risk factors like smoking, 

ageing, high cholesterol, high blood pressure, high blood 

sugar, and a family history of early atherosclerotic 

disease. The result is a chronic inflammatory process 

that raises the risk of cardiovascular events by 

decreasing antithrombotic factors and increasing 

vasoconstrictor and prothrombotic products and aberrant 

vasoreactivity (Figure 2). Recent research has also 

linked endothelial dysfunction to being overweight, 

having high levels of C-reactive protein, and having a 

persistent systemic infection. 

 

Fig. 2: Endothelial dysfunction and potential causes. 

 

Reactive oxygen species (ROS) are produced at 

sites of inflammation and injury, and while at low 

concentrations they can act as signalling molecules in 

the regulation of fundamental cellular activities like cell 

growth and cell adaptation responses, at higher 

concentrations they can cause cellular injury and death. 

The vascular endothelium is a key target of oxidative 

stress and plays an important role in the pathogenesis of 

numerous vascular illnesses and disorders by controlling 

the delivery of macromolecules and circulating cells 

from the blood to the tissues. Endothelial signal 

transduction and redox-regulated transcription factors 

are directly affected by oxidative stress, leading to an 

increase in vascular endothelial permeability and an 

increase in leukocyte adhesion. 

ROS (reactive oxygen species) generation is the 

backbone of oxidative stress, and it relies on both 

enzymatic and nonenzymatic processes. Some enzyme 

activities, such as those in the respiratory chain, 

prostaglandin synthesis, phagocytosis, and the 

cytochrome P450 system, can generate reactive oxygen 

species (ROS) [10–20]. Several enzymes, including 

peroxidases, xanthine oxidases, and NADPH oxidases, 

are capable of generating the superoxide radical (O2•). 

Once created, it participates in a variety of processes that 

lead to the production of byproducts such as hydrogen 

peroxide, hydroxyl radicals (OH•), peroxynitrites 

(ONOO), hypochlorous acid (HOCl), and so on. 

Oxidases such as amino acid oxidase and xanthine 

oxidase are among the many enzymes that generate 

hydrogen peroxide (a nonradical). Oxygen monoxide 

(O2•) and hydrogen peroxide (H2O2) combine to form 

hydroxyl radical (OH•) in the presence of a catalyst 

(Fe2+ or Cu+) [12-19]. Within living organisms, OH• is 

the most active free radical species. The NO• radical, 

which is generated when arginine is oxidised by nitric 

oxide synthase (NOS) to citrulline, has multiple critical 

physiological roles [12-19]. Free radicals are created, for 

example, when oxygen combines with organic 

substances or when cells are subjected to ionising 

radiation. Free radicals can also be generated during 

mitochondrial respiration via pathways other than 

enzymes [15, 16, 19]. The generation of free radicals 

involves multiple paths, some of which originate 

internally and others externally. Endogenous free radical 

production can be attributed to immune cell activation, 

inflammation, ischemia, infection, cancer, intense 

physical activity, psychological stress, and ageing. 

Exogenous free radical production can be triggered by 

exposure to things like environmental pollutants, heavy 

metals (Cd, Hg, Pb, Fe, and As), certain medications 

(cyclosporine, tacrolimus, gentamycin, and bleomycin), 

chemical solvents, cooking (smoked meat, used oil, and 

fat), cigarette smoke, alcohol, and radiation [15-25]. Free 

radicals are produced as a byproduct of the destruction 

or metabolism of these exogenous chemicals after they 

enter the body. 
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V. CARDIAC DISEASE AND FAMILY 

HISTORY FACTORS 

 

Fig. 3: The onset of atherosclerosis is often delayed 

by decades, and the disease is caused by a complex 

interplay of genetic and environmental variables. 

 

Approximately 50% to 60% of coronary artery 

disease and coronary heart disease are inherited. Each 

risk factor's heritability is presented as a percentage. 

Myocardial infarction and coronary artery disease are 

abbreviations. 

 

VI. DIABETES AND HYPERTENSION 
 

Lifestyles characterised by low energy 

expenditure and excessive caloric consumption are 

increasingly adopted, especially in low-income and 

developing nations, contributing to the worldwide 

epidemic of obesity and type 2 diabetes (T2D). By 2040, 

the estimated number of people living with type 2 

diabetes rises from the current 415 million to 642 

million. 1 Even more prevalent, with a recent global 

estimate of 1.39 billion cases, is hypertension, whose 

incidence is also on the rise in the same countries. 2 

Despite the simplicity with which both T2D and 

hypertension can be identified in a patient's medical 

history, both conditions are in fact complicated and 

varied phenotypes that raise the risk of potentially fatal 

cardiovascular disease (CVD). Since both disorders 

overlap several characteristics of their pathophysiology, 

especially those linked to obesity and insulin resistance, 

their frequent coexistence in the same individual is not a 

coincidence. For instance, in the San Antonio Heart 

Study, hypertension was present in 85% of those with 

T2D by the fifth decade of life, while it was present in 

50% of those with hypertension. 3 In a healthy body, 

insulin coordinates metabolic processes involving 

carbohydrate, protein, and fat to keep glucose levels 

stable. However, insulin resistance is selective for 

glucose and lipid metabolism, e.g., sparing insulin's 

action to retain sodium in the distal tubule. Insulin 

resistance primarily affects the liver, muscle, and 

adipose tissues. 4, 5 When insulin-mediated glucose 

elimination slows, the body responds by secreting more 

insulin to restore equilibrium. Without a sufficient 

endocrine pancreas response, glucose intolerance 

develops; yet, some obese people can prevent type 2 

diabetes due to a supranormal B-cell response. 6 

Adipose tissue's part in these correlations has come to be 

seen as more important as of late. 7 Microvascular 

(affecting smaller arteries and capillaries) and 

macrovascular (affecting larger arteries like conduit 

conduits) illness are both linked to diabetes. Vascular 

problems of diabetes can be triggered by a number of 

factors, including (1) increased development of 

advanced glycation end products (AGEs) and activation 

of the receptor for advanced glycation end products 

(RAGE) AGE-RAGE axis, (2) oxidative stress, and (3) 

inflammation. 8 Furthermore, new research points to a 

potential function for microRNAs (miRNAs) in diabetic 

vasculopathy (see further on). 9 Since hypertension is 

characterised by vascular dysfunction and injury, it is a 

major risk factor for diabetes-related vascular problems 

(fig: 4). 

 

 
Fig. 4: The vascular mechanisms via which diabetes 

and hypertension increase the risk of cardiovascular 

illness. 

 

Hypertension and diabetes are promoted by the 

same risk factors that also contribute to atherosclerosis, 

vascular inflammation, endothelial dysfunction, and 

structural remodelling, all of which contribute to the 

development of macrovascular and microvascular 

illness. When diabetes and hypertension exist together, 

the damage to blood vessels and endothelial function is 

magnified. 
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Fig. 5: Unhealthy food patterns, along with a lack of 

activity, overweight and obesity, ageing, gender, 

heredity, or a smoking habit, among others, could 

lead to the development of cardiovascular disease 

(CVD) 

 

Inflammatory atherosclerosis is a major 

contributor to mortality from cardiovascular disease 

(CVD). Oxidative stress and systemic inflammation 

[10,11,12,13] are affected by dietary variables, with 

high-calorie intake and inactivity both leading to the 

production of inflammatory cytokines [14]. 

Accumulation of lipids and the development of lipid-

laden macrophages both occur in the sub-endothelial 

zone of the arterial wall, making it an important site in 

inflammatory processes [15,16]. Current scientific 

discoveries [17] relate chronic inflammation to the onset, 

growth, and progression of atheroma plaque and rupture, 

as well as post-angioplasty and restenosis of coronary 

artery disease (CAD). Key mediators of CAD 

progression include C-reactive protein (CRP), 

interleukin (IL)-1, IL-6, IL-8, IL-1, IL-18, monocyte 

chemoattractant protein (MCP)-1, and tumour necrosis 

factor (TNF). These mediators are also considered 

potential inflammatory biomarkers since their expression 

levels may correlate with the severity of CAD 

[17,18,19]. Therefore, new studies demonstrate that 

Western diets cause an increase in proinflammatory 

cytokine production and a decrease in the synthesis of 

anti-inflammatory cytokines [20,21,22,23]. This is in 

contrast to healthier diets like the "Mediterranean diet" 

(MeDiet). Red meat consumption has been associated to 

increased inflammation [24,29,30,31], while eating 

fruits, vegetables, whole grains, nuts, seeds, and legumes 

all have anti-inflammatory properties. Consuming a diet 

rich in fruits, vegetables, legumes, nuts, and whole 

grains may help lower chronic low-grade inflammation 

and protect against cardiovascular disease [32,33,34,35]. 

Microbiota have been related to the immune system, the 

bioactivation and metabolism of nutrients like vitamins 

B and K, as well as bioactive compounds, and the 

composition of the gastrointestinal tract. Increased 

plasma trimethylamine N-oxide (TMAO) is produced 

when gut bacteria break down dietary components such 

L-carnitine, betaine, and choline [36,37,38]. This has 

been linked to an increased risk of diabetes, 

hypertension, and atherosclerosis in recent clinical 

studies. Dysbiosis of the gut microbiota has been related 

to an increased risk of cardiovascular disease, and diet 

has been proven to have a major effect on the make-up 

and function of gut microbiota. Endothelial dysfunction 

is associated with atherosclerosis' earliest stages, when 

lipids, notably low-density lipoproteins (LDL), are 

internalised in the intima [39]. Negative effects, such as 

inflammation, thrombus formation, calcifications, 

stenosis, rupture, and bleeding, can occur when 

endothelial function is impaired [15,40]. 

To further intensify the inflammatory response, 

low-density lipoprotein (LDL) particles infiltrate the EM 

at the same time that circulating monocytes cling to the 

endothelium and develop into macrophages that invade 

the sub-endothelial region. LDL retention in EM is 

mediated by proteoglycans, which enhances intimal 

retention [41]. Inflammatory cells produce reactive 

oxygen species (ROS) and enzymatic modification that 

can oxidise LDL particles lodged in the intima. When 

macrophages consume oxidised LDL (oxLDL) particles, 

they change into foam cells. Adherent platelets aid in the 

development of plaques by secreting chemotactic 

molecules and growth factors, which is encouraged by 

endothelial dysfunction [42]. Additionally, vascular 

smooth muscle cells (VSMCs) contribute to plaque 

formation. Growth factors and cytokines secreted by 

foam cells encourage vascular smooth muscle cell 

(VSMC) migration to the intima, where they help build 

the fibrous cap [43]. The accumulation of lipids causes 

the death of foam cells and macrophages and the release 

of pro-thrombotic molecules [44,45]. Pro-thrombotic 

factors aid in the development and rupture of 

atherosclerotic plaques, which triggers platelet activation 

and aggregation, which in turn leads to thrombus 

formation [46]. Clinical manifestations of atherosclerosis 

progression include cardiovascular events such heart 

attack and stroke as well as peripheral artery disease, 

heart failure, and sudden death [47]. 

 

VII. CONCLUSION 
 

Additional efforts to improve the analysis 

strategies, including new imputation and meta-analytic 

methods, analysis of gene-gene and gene-environment 

interactions, the integration of different omics, and use 

of sequencing technologies, are being performed. 

intermediate risk can be carried out as a second step or in 

parallel, and further studies to develop new ways to 

include this information in risk functions, to evaluate its 

cost-effectiveness, and to explore the ethical issues are 

also warranted. Finally, although medicine is always a 
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“personalized science and art”, use of genetic 

information to identify the most effective and least 

harmful drug for each patient is also a goal of so-called 

genetic personalized medicine. 
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